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INTRODUCTICN

Approximetely ten years sgoc Hunt and Hoppert (31)
published the results of many years of experimentation.
They succeeded in evolving two distinct strains of slbino
rats; onse was caries resistant, the other caries suscept-
ible, Both groups were maintained on the Hoppert carles
producing diet. Thelr work proved that, for these animals,
heredlity is an important factor in the development of
dental cariss.

The fundamental nature of their work serves as =z
basis from which many problems may be drewn. In fact, the
research problem to be described presently is a direct con-
sequence of their findings. Because of the complex nature
of the overall problem, discretion necessitstes paortition
into smaller but specific ereas bf investigation. These
inveastigcations are, therefore, only several facets of this
larger problem.

Since the carious condition is, in part, one result
of heredity, it is permissible to speculuatse that certain
physiological and chemical cualitiss hove been altered in
one of the groups to & degrese sufficisnt to initiste caries.
The immediate problem can be succinctly state:. “hat =zre
the differences between these two groups of rets disposing
one of them to dental cories?

It is not often thst two such ideal croups cof snimals

are available for observation, each serving =g a control for
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the other. ©Specimens tzken for study from both groups at
the same time, under the exact conditions, receiving

equivalent treatment, could be expected to v

-

eld signifi-+
cant results whether differences or similarities were Tound
hetween the two strains. It is understocd, however, thzat
only diffesrences betwszen the two strains might possibly
xplain the disposition of the susceptible group to ceries.

Ldded direction for this study wes obtsined frem the
early recognition of wide bacteriological differences in
the oral micrcflora of these animels. Rosen et al (59)
were able to recover lactobscilli more frecuently =2nd in
greater numbers freom susceptible animals then in the resis-
tant group.

Utilizing the Hunt-Hoppert animals and Rosen's find-
ings 28 a point of dep=arture, it was deemed logicesl at this
time to undertake a study of the saliva z2nd blood of these
ehimals. These two materials would be subjected to a2 var-
iety of tests in an attempt to disccver =2ny significsnt
gualities that might explain the differsnce between the
two strains of rats.

‘The caries time (the numher of days elapsing from the
date on which the animal was plsced on the cariogenic Adiet
to the date on which the first carious cavity could defin-
itely be estsblished in 2 lower molar) is approximately 70
days for the suscevtible animals and 200-500 days for th e

resistsnt animals. The procedure pdopted was to colleet
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the necessary specimens from four developmentel levels:

the pre-caeries stage, the period of caries development, the
period of advenced ceries, and the period when carles
appear in the resistant strein. In this way s complete
Pleture depicting the conditicns prevailing at strategic

1
stages of growth would be obtained.
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BEZPERTLENTAL METHCDS AND

TAmTH
MATE

RILLS

For this study to proceed according to sdopbed pro-

tocol, adequate cuantities of saliva for the various pro-

cedurss

had to be obtesined.

The immediste problem was to

deviee a method for the collection of saliva.

After several unsuccessful sttempts in which various

types of suction devices were used,

chemical inducement of

selivation was employed with feir success. It was desir-

egble not only to obtain a sufficient cuentity of

also to sssure the survival of the animals since

be required for more than one test.

saliva but

they would

A necessory pliece of equipment in which to hold the

animals while anesthetized end s2livseting had to be desig-

ned.

oand without animals.

Ficure 1 shows the multiple unit animal holder with

The holder has the following meesursments,

Overall length
overall width

height with cover
numbher of sections
width of each section
width of sererztion
head opening

width of bottle rack

individusl bottle holder

heigzht of mcttle

angle of incline of unit

-

33% inches
14? i

gl n

8

4 inches

3/16 inch

1% inch dismeter
2-5/16 inchas

1% inch outside dis.
& inches

8 degrees

The sides ond dividing partitions were msde of

Mesonita.
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Figure 1. Photographs of multi-unit animal contsiner

J. Multiple unit animsl contsiner
(empty)

K. ©Container full and cover in place

L. Close~up view of animals salivating
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Before the anesthetized animal is plsced in the unit,

a plece of brown wrapping p=2per can be sligped into the

compertment. This recuces the necessity of cleaning to a
minimum,

The Masonite cover pravents the animals leaving their
units. The eize end lightness of weight of the holder
enables anyone to carry it sbout easily and to set up oper-

ations in small quarters.

Animals Employved

The animals used in this investigstion were obtained
from the cclony meintained by Hunt and Hoppert. These

albino rats have been selectively bred; one strain for

The data to be presented were obtained from 107
snimals. This does not include the animels used in prelim-
inary trials required to perfact technigues. Of the 107
animals used, 78 were melezs and 29 were femalss. Of these,
90 animals were used for the saliva study and included 65
males and 25 females. Only threse of these animals were re-
used for ss=liva studies. Forty-five animals were used for

the serum studies of which 17 were not used In the szliva

O]

xperiments., Included among these 40 wsre 35 male and 10

,
P

female snimals,
For the bhulk of the studies reported, pools of salilva
and serum from four animels were used. In the case of very

young animels, indivicdual samples or vools from two animaTs
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salliva were subjected to the various tests becsuce of the

ot

scercity of eanimels in tha category during the time of

this invsestigetion.

TCrug Schedule

When mechanical devices failed to yield sufficlent
saliva, 2 chemical stimulant was sought. Holck (23),
writing in Griffith end Farris, lists many drugs used in
rats. TFrom this list pilocarpine nitrate was chosen as a
sglivary stimulant. Nembutal (a barbiturate) was selected
to produce light anesthesla as it was discovered early in
this work that a struggling animal would not yicld saliva.

Holck's liet is 2 compilation culled from ths litsre-
ture and can only be used as a point of departure. His
1ist suggests thz=t 40-160 mg per kilo of body weight would
vield the typieal action of pilocerpine. One hundred milli-
grams wes administered aleng with nembutsel at 4C mg per
kilo of body welght. Nembutal was given first by intrsperi-
tonesl inj=zction to bring on the =anestheslia. This was fol-
lowed by subeutaneocus Injsction of the rilocarpine only
after ths anecthetic had tzken effect. This dosage raszulted
in meny deaths. The pilocarpine was reduced to 50 mg per
kilo zand the nembutol to 20 mg per kile. This schedule 21s0
caused enough deaths to warrant further study. It was ob-
served tha2at after injection of the pilocerpine the a2nimsl
becomes more Tleccld then from nembutsl a2lone. Filocerpine

appears to enhance the effect of nembutal. This cbservation
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led to a reduction of pilcearrine to 5 me 2ar kilo. This

was sufficient to induece adecurte

[}
1
<
W)
ct
$-te
O
—
—
3
'
iy}
Q
ct
‘_h
ct

wes equel tc that obteined with 10C mg vner kilo. Filloecar-
pine was equelly effective 2t the 5 mg per kilo level for
all ageese and welights and for both sexes,

an initi=2l injection of 20 mg per kilo of bedy weight

wae administered. In cesccs where this dose did not achieve

'._h

the desired snesthesia =2dqd al 5 mg per kilo increments
were given until the anesthesis was obtzined. A lerge vari-

ation In response was fTound amone the cninels. Some wer

anesthetized by the initial 20 mg r2r kilo, others recuired
2s much es 50 meg per kilo., This wvariaticn did not appear to

be determined by sex, welght or age., The rosponse of enimsls
tc nembutal was unpredictable. This veristion may be charged
to "eonstitutional differesnces? amonr individusl animals.

Whern thes dose was standardized the anim=ls responded
well with spprroximetaly one desth in <cight ecch time & croup
waeg processed,

ATter the drug was injected the enimials were nleced in

13
i)

the holder and allowed to s=zlivate until sufficisnt cuenti-

1

ties were obteined. This procedure was employed for all
saliva used in this vactilgetion. TSollsctions vwere made in
the animel houce and shortly thereafter ths camsles were
brought to the laboratory for ansalysis.

The s2liva and serum were svubiectad To variocus taste.

t

[t
&'3

tas

These are listad in cutline Torm. =~ach precedur= conest

a urit and is described separatsly.
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OUTLINE CI' ['RCCEDURLS

Bacteriological

I.. (a) Totz21l counts of oral microflora
(b) Lactobacilli and streptococeci counts

IT. Antibacgterial properties of seliva

Biochemical

I. Amylase determinations of seliva

IT. Moving boundary clectroohoresis cf sera

Serclogy and Immunology

I. Aocglutination tests
Saliva and sers

II. Determination of leucocytes in saliva

Phvsical Measurements

I. Refractive index - g2live
I1I. Surface tension -~ galiva and sera
III. Viscosity - saliva

IV. Swvecific Gravity - selive
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I. BACTERIOLCGICAL STULIZS OF HUNT-HCPPERT RaT SLLIVA

The microflora of the orasl cavity hes long been
assocliasted with dental cariss. It was not until 1882 that
substantial experimentation removed these observations
from the realm of pure speculation.

W. D. Miller (44, 45) promulgated a theory of caries
production that is populsrly held today. He notad that
the source of acids which decalcify testh is éarbohydrates

dagraded by oral bacteria.

Bunting (10) was so convinced that Lactobscillus

acldophilus was ths prime sgent of dental carlss thet he

wrotse, '"The presence or absence of Racillus acidophilus in
2 &

the mouth constitutes a definite criterion of the activity
of dental caries that is more accurste thzan any clinieal
estimation can be . . . . And there was =z spontansous
cessation of caries coincident with the diseappsarance of

R, acidophilus from the mouth."

Arnold and MeClure (3) identified lactobscilli in 90
per cent of ceses of dentsl cariss. They presented 2 posi-
tive correlation betwean the numrber of orgenisms in salilve
and cearies activity.

becks (5) noted that s high caries incidence was
releted directly to 2 high aciduric micro-organism count,

Rosen and his egrcupn (59) chowad that lectic acid

bacteris are a permanent microflora of c2ries svsceptible

rieg

=)
Q
v

rats whereas the zeme orgenisms do not psrsist in
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resistant rats.
Roegebury (57), on the other hznd, statsd thst of 40

healthy =2lbino rats all had L. acidophilus as a pert of

the normsl oral flora. He believed that thess sciduric

e

1)}

bacteria may be present in the mouth without giving ri
to dentel caries.

Streptococci have also been incriminated as etiologic
agents in caries. Beldine and Belding (68) made the obser-

vation that Ztreptococcus odontolyticus is the principel

agent in dental ceries,

Canby and RBernier (12) suggested that, zince strep-
tococcus 1s rarely isolated from deep cerious dentin, great
emphasis must not be given them as an agent of caries.

Bibby, Volker and Von Kesteren (8) using thras dif-
ferent media estimated the organisms present in seliva.

They found that in csrious mouths lactobascilll m

1
{

e up

about 1/2000 of the total numhars and less than 1/1300 of
the acidogenic aerobic organisms. <treptococcil were nresent
in 20 times greatser numbars than the leactobecilli but
appeared to be numsrically unimportant. They vellieved that
the scid production in the mouth is due to acidogenic types
(mainly strepteococci) whieh were not identified in their
study. They found that the streptocecceci preduced acid more

rapidly than the lsctobacilli.
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From these few reports, which are typicel of the
bulk of the literature, it is plain that slthough =2c¢id pro-
duction in the mouth 1is generally hcld to be a direct causzl
factor in carises production, the organism or orgsnisms in-
volved are uncertszin.

The presént study wes undertaken with the intention
of describing the condition of the saliva with respect to
both the total numbers of micro-organisms end the numbers
of lactobacilli and streptococel precent at =2ach stage of

caries activity.

Procedure

Saliva wes cbtained in a manner previously described.
Ten-fold serial dilutions of the soliva were made 1in sterile
distilled water. Pletings of 0.1 ml portions were then
made on four diffsrent media.

For on approximation of the types and numbers of
zerohic bacteris to be found in saliva, tTryptone glucose
extract agar (Difco), a general purpose medium was selscted,.
To enumerate the lactobacilli presaent the svecific lacto-
bacillus medium of Rogosa (BBL) and tomsto julce ager spe-
cial (Difco) with C.2 per cent sodium azide added to in-
hibit the growth of gram-negative forms were employed.
bzide dextross broth (Difco) with 1.5 per cent sger added
wes employed for the sslective cultivation of strepto-

coceci.
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One-tenth milliliter portions of the various dilutions
of salive were dropped onto the ager surfaces and sprezd hy
means of a sterile glass rod bent =t spproximately a 459
angle.

Incubation was ecarried out et 37° C. for frem 24 to
T2 hours. The colonies on tryptone gluccsec extract agar
(TGE) were counted after 24 hours; the cclonies on lacto-

baclllus selection medium (LBS), tomato juics sgoar special

i)

(TJAS) =2and azide dextrose agar (ADA) were counted aftar 72

hours.

Results

Table 1 shows that the recistant snimale at esch level
of caries sctivity exhibit a lowsr total count than 4o the
susceptible strain. Lactobacilli end strsptococei are pre-
sent in becth strains with the streptococeil far outnumbering
the lactobacilli. Thils observation is in accord with the
general observations noted in the litersture.

The totel numbers incresss successively from group to
group in both the resisztent and susceptible mnimals. &%
the vre-cesriez stage the susceptible strein shows a thres-
fold higher incidenca of oral bacteria. In the dev=2lopmen-

a 2.5 times

0

tzl period this same strezin exhinit
incidenece in totol numbers. A six-fold gre=ter occurrence
of oral bscteris in the advenced corierz ctage and a2 nine-
fold increase in the oldest eroup marks the suscertihles g

consistantly hicher with raesgect te totsl numhore,
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Lectobacilll were present in greaster numbers in the
susceptible gnimals especially during the period of caries
development. There was a ten-fold increszss when lactobac-
i1lus selection medium was used and a.17—f01§ increass when
tomato juice agar was employsd. The zero counts obtained
in both strains of animals on lactobscillus selection medium
during the pre-caries stege is probebly not a true reflec-
ticn of the prevailing condition.

The gzide dextrose agar discloses . fairly large nunbers
of streptococcl present in all stages. The susceptible
strain during the developmentszl period exhibites a nine-fold
incressge over the resistants.

It mey be significant that between the pre—céries and
developmentel stages of caries activity, "the sensitive
stage," large increases in 2cidogenic bacteris become appar-
ent. The possibility of sustained acid formetion during
this Ysensitive stage™ may initiate the carious process,

It was slso noted that the increase in total numbers
of bacteris from the pre-caries level to the period when
caries appeared in the resgistant animals was 60-fold.

Should total numbers be more significant then any one orgen-
ism this observation may be of considersble importsnce,

Table 2 shows the per cent relative incecidence of
certain bacteria found in the salive. The predominsnce of

streptococecl over lectobacilll is evident.
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Table 2. Per cent occurrence of oral lactobacilli and
streptococeci isolated on selective media 2t
different stages of cariles development.:k

Medium Pre~caries Develop~ Advenced Ceries
stage mentsl caries appear 1in
period resistants

R S R S R S B s
LBS 0 0 1.6 7.1 0.55 0.07 0.27 0,07
TJ A3 9.5 6.1 1.2 12.0 1.07 2.20 0.66 0.13
A DA 258,0 71.0 69.6 242.0 7T3.50 26.10 85,70 3.05

*Comparison is based on tot=l
glucose extract agar (Table 1

)

cunte obteined on trvoptone
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IT. ANTIBIOTIC ACTIVITY CF SALIVA

At the outset of the investigation, when the problem
aree was outlined, 1t bheceme quite obvious that a study of
the antibscterial properties of selive should be underteken.
When the general defensive mechanism of the body is out-
lined, as regerds the response of the host to the parasite,
saliva essumes an Importaent role. The belief that saliva
contains some healing aualities dates back to antiquity.
Hippoerates considered its values and, of course, there is
biblical referesnce to the degs that licked the wounds of
tha beggar. Throughout the histcry of early empirical
medicine the use of saliva was common practice in the treat-
ment of surface wounds.

Forty-five years =2go Bleck (9) stated, "The logical
inference is that the cause of the diffserences in the lias-
bilities of individuals to cz2rics of the teeth is scmething
in the constitution opsreting thrcugh the orz2l fluids and
actineg vpon the active csuse of caries, hindering or inten-
sifying its effect;“

The bhulk of the literature as 1t pertains to the

problem =t hand cazn be divided inte three main groups: (a)

m

activity

cr

hose reports indicating that saliva poscesse
zgzinst the orsl flora; (b) reports indicating that salive
has antibaecterisl properties, but only az-inest bactarila

other than those pressnt in the mouth; and (¢) revorts
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claiming that seliva has no sntibactarisl effect.

n

Several in eech category are presented. Claime for
and zgalilnst the antibacterial nature éf s2liva have bsen
fortheceming since the sarliest reported observstions of
Robertson (55) who, speaking of =alivs, said, by its deci-
dedly antiseptic propertiess, it prevsnts the process of
putrefaction.®

Sanarelli (61) concluded thet saliva poscosses a
certain bactericidal power which is able to deal with small
quaﬁtities, or lsolated orgenisms, but thet this power is
guantitative and 1is Iinsufficient to deal with large numbers.

Florein (20) attributed a direct though week anti-
sentic action to saliva and Hugenschmidt (30) observad thst
the boctericidal action of seliva was "problemastical,.’

A case re ort by Rigolet (24) of a 44-yvesr ©ld npan
with complete absencevof selivary secretion for three years
and showing extensilve caries of all ths testh, is attributed
to the lack of seliva with its 2ntiseptic nzture.

Miller (46), after sxtensive experimentation, con-
cluded th-t se2liva, filtered or unfiltered, 4id not retard
fermentation or putrefacticn. In 2 later report (47) he
conciuded that sslive possessed no specifiic antiseptic
action sgainst the organisms commonly found in ths mouth.
But he deﬁonstrated the precence of bacterizl sntegonism of

a

salivary fluids to other bacteria,
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Clough (14) tested forty-one different sselives

agalnst L. acidophilus on Kulp's tomato juice agar. All

but one inhibited growth. The zones of inhibition esround
the deesp wells varled from 0.5-8.0 mm. Filtered saliva
showed no inhibitory effect. In o later work his group

reported zones of inhibition against L. acidophilus from

250 of 260 salives tested.

Dold et a2l (19), in Germany, reported on substances
found in saliva which they termed "inhibines." They were
found to be active particulerly against the dirhtheris

seillus. Actlvity was destroyed by heating =t 100° ¢. for
1 minute or 56° C. for 2 to 5 minutes. If left gstanding
for ten days et rocm tempereture, the =zctivity is 1lost and
iz not regained by adding small amounts of fresh salive.
These inhibinss do not pass through Ceitz filterse and there
does not appear to be o reletion between inhibitory acti-
vity and the bacterizl count of saliva.

Clauberg (17%) observed that seliva ccnteined a sub-
stance that would inhikit the diphtheria and the influenzs
bacilli,.

The foillowing year Pesch and Damm (52) reported that
saliva kills or makes the preumococcus avirulent, hut that
it does not change the type. Heating to 58° C. or passing
through Zeitz filters inactivated the szllve.

~Von Kesteren et al (68) noted thet salive contelined

at least two antibacteriel agents. One of these, resembling
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1ysozyme, was effective against one group of orgesnisms, the
other, distinct from lysozyme, was effective ageinst another
group of organisms.

Kesel and his group (35) indiceted thet the inhibi-
ting agent of saliva ieg = volatile substence which he found
to be z2mmonia, He corrzlated direétly the amount of ammonia
nitrogen with the degree of inhibition. This group l=ter

reported (36) that persons with no caries experience posses-

i

ged salivae with greater inhibitory propsrtiss as compared
with saliva from caricus mouths. The saliva from non-
cariocus psrsons increased in activity on heating to 379 o,
and meintalined its activity after ZSeitz filtration.

Thompson and Shibuya (65) cleimed that the inhibitory
action obtained =z=geinst diphtheris bsciili i=s due not to
the saliva but to the streptococci contained in the salive.

Thempson (66), in =n earlier report, showed that the
lyzozyme in saliva could not be a factor in inhibition of
bacterisl growth.

Granados et al (22) suggested the presencs of a fac-
tor in s2live of csrizes freoe peoble c2oable of prevanting
ceriss, Onc grcup of heamsters was given watzr conteining
sgliva obteined from a2 c2ries negative individusl., A second
group recelved water ccntsining salivo from =2 ceries posi-
tive individusl. A third croup received vater szlonz. The

first group recesiving water with =saliva from 2 cariles

o)

negative individual showed less caries than the others.
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Bonicke and co-workers (11) obtazined saliva from sub-
Jects 2& they awoke. This was termed Yniesht saliva.?’ It

showed a higher antibacterial sctivity than that cobte=ined

during the day. The agent in the night saliva is chemi-~
cally and physically egual te Dold's inhibine. The factors
from both day and night saliva were independ-nt of the bac-
terial cell count. They =attributed the greacter activity of
night salive to 2 higher concentration of the antibacterial
factors because of the =zlow flow during sleep.

The seventeen representative poaparas mentioned clearly

¥

indicate a turbid, if not confused, rols for s=2live a

m

8.

I

dzfense sgeinst oral microflora,
The clalms and counter claims for the vart sa2liva
plays in dsantal caries mads & study of this type mendatory,

as wes previously stated.

Procedure

When the litereture had bezpp s=2arched 2nd procedurcs
for this specific study adeptad, one criterion was imposed.
The technicue cmpleyed should approximate conditions as they
appear in the z2nim=2l mouth.

galive was obtalned es previously desceribed. One-
tenth to 0.2 ml of pocled saliva was pipetted into duep
wells cut inte agor plates. Two vell: ware cut into each
of the medi= used in order to ohserve the action cr effsct

of suscentibls and rcsisteant salivas under equivelent con-

ditions. These plates were seeded with orczenisws isol-ated



directly from the teeth of caries susceptible snimals.

The three lower right molsrs of 5 to 7 caries sus-
ceptible rats.were vigorously swabbed with stendard cotton-
tipped applicator sticks moistened in one per cent paptone
water. Hach of these applicators was used to streak the
surfégces of the following three media:

1. IBS medium (BRBL) for the isolation of
lactobacilli.

2. Tomzto julce agar special (Difco) with
0.2 per cent sodium azide for the iso-
lation of lactobacilli.

3. Azide dextrose broth (Difco) with 1.5
per cent agar for the isoleation of
streptococci.

The plates were incubated at z7° ¢. and exsmined

daily for four days for signs of inhibition.

Two other techniques were used to determins 1T the

®

1

o]

rat saliva possessed any inhibitory nature. As Ke
sugessted that the antibacterisl factor was a volatile sub-
stancs, a different approach was tasken. Porous cups were
warmed in @ bunsen fleme and vleced on the agsr of =2ll
three media. Two~-tenths ml of s2live wes »laced in ths
cups. A stsrile cover glass was placed on top of the cup
and guickly =e3led with naturel color nail ovolish. The
Petri cover was repleced and the pletes incubated =& usual.
Filter paper discs impregnated with C.1 m]l of =saliva

were =lso empnloyed. Two filter paver dises 12.7 mm in
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dismeter wers placed on each of the three medis. One disc
contained the resistant and the other the susceptible

saliVa.

Results

Zzones of clearing around the deen wells, porous cups
or filter paper discs were not observed. The sceded crgan-
isms grew up to the 1lip of the wells and to the edge of
the cups and discs. Apperently the saliva of both strzins
of rats exerts no inhibitory offect upon the lasctobascilli
or streptococci tested.

It may be of interest to note that Trhompson (86)
demonstrated growth inhi»ition by human sesliva when the
spliva wes dilnted. Rosen (57) recently chserved this same
phenomenon with saliva obteined from Hunt-Hoppert rats

ag2inst Bacillus subtilis. No explanaticrn for this can be

offered at this time. Since this condition of diluted
saliva does not prevail in the mouth, it appears to he of

only passing interest here.
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ITI. AMYLASE

The determination of amylase was not in ths original
protocol. The results of viscozity measurements suggested
inclusion of this enzymetic study.

As early as 1912 Pickerall (53) suggestsd that
ptyalin (amylase) may protect sgzinst caries by its rapid
digestion of starch sccumulated on the teeth sc¢ that the
soluble maltose would bs rapidly swept away. He believed
that no amylase at all would be better than a scanty amounf
because the intermediaste Sticky dextrins would not be
fformed.

Hubbell (29) found the diastatic =2ctivity of saliva
to be greater in the presence than in the =bsence of ceries

in children,

Day (17) made a similer observation but did not be-
lieve thet the disstatic powver of salivs wes imvortsnt in
caries production.

Florecstano (21) =nd his group believed that "the
digstatic activity of saliva may ssrve ss an 1index of
cariles susceptibility.”

Turner =2nd Crane (67) renorted the time of salivery
hydrolysis of starch to be invsrsely related to the number
of cavities in Tiftv-one cases studled.

MeCZlure (42) found no sigrificant differencec in reduc-

ing sugars from salives of children with or without carises,
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Barany (4) estimsted the smylsse content of =sliva,
No significant differences were obtzined betwsen persons
wilth "much caries® and little caries.”

Hess and Smith (27) 2lso measured the amylsse scti-
vity of human ssliva. They similsrly found no signifi-
cant difference between the salivas of carious and non-
carious personse.

Should the prevalling theory of caries production
prove to be correct then the presence of 2n amylase may be
a factor in the ultimete formation of acid from starch.

A general outline of the chemistry of the ultimate

acld production can be represented as follows:

(C.H. On) HgO CqoHooOq 4 (maltose)
671076'x *+ smylase > 12722%11
bacteriel or salivary
Cq6Hos0 HoO +  2C H.50,. (glucose)
1222”11 + — A S 612
(bacterial)
C.H, 0 o~ 2C,H,.0, (lactic
671276 Fermentative enzymes? 37673 acid)
(bacterial)

chould food particles be retained by tceth, starch
would be present as = potentisl socurce of acid. The amount
of amylase present in the mouth might be =an Iimportant feoctor

in determining the amount of acld produced.
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Procedurs

A preliminary study was made to determine the pre-
sence or absence of smylage in the sa2liva of the snimals.

5aliva was harvested and used in the achromic end
point test =2s described in Hawk, Oser and Summerson (25).

It was found that the snd point (disappearsnce of
blue color) was reached a. proximetely three times faster
with the saliva from susceptible animals than with that of
the resistent animels, indicating that the susceptible
animals produced more zmylase.

However, due to the limitations of the accurscy in
determining end points, the method of Stark et al (62) was
adopted for use. This is 2 simple yet strikingly demon-
strative test.

Filter paper discs placed on starch agar gels are
impregnated with @ calculasted amount of test saliva. This
is 2llowed to incubate for ten hours after which the plate
is flooded with a dilute iodine solution and the excess
poured off. Diameters of the colorless circular arez
(egainst a deep blue background) arc easily measured with
a millimeter rule.

Two discs were used on each starch agar plate; one
containing tha salivea of resistants, the other of the sus-
ceptible strain. Thie was done in order to obtaoin measure-
ments und-r the same conditicnes. Tests were carried out in

duplicate end an average of the zones obteined.
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Rezults

The measurements of zones of hydrolyses, measured in

2!

millimeters, appear in Teble 3. It is evident th=et group
1

for group the resistant strain exhibited smaller zones of
hydrolysis, which indicstes that less smylase is present in
the saliva of this strain. |

If these data portray the conditlon prevailing in the
mouths of most of the animals, it may bear directly on the
caries problem. If the amylase present can split suffici-
ent starch molecules to maltose rapidly ~nough for the oral
microflora to degrade the maltose and produce a sustained
acld sction, one of the conditicns for cariss production
would be satisfied.

As pointed out in enother section, the saliva of sus-
ceptible animals contained far grester numbsrs of bacteris
than Aid thet of resistant animals. The combinstion of

amylase and large numbers of aclidogenle bacteria being pre-

t

sent at the same time in the suscentible anim=2ls is doubt-

pte

less 3 ccondition favorabls to caries activity.
If the results of this study are borne out in further
studies on a lerger number of anlim=2ls, this evelu=tion

would take on grester significance. Tor the present such a

concent is only cuggested.
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Table 3. Amylase determinstion cof pooled ceries recsis-
tant and cariss susceptible Hunt-Hopprert rat
saliva at difforent stages of caries dovelop-

ment.
Diameter of zones in mm
Negistant Suscerptible
Pre-caries 29.5 21.5
Developmental period 277 23,2
Advanced caries 24,5 27.0

Caries appear in resistent
animals

0
[N
o
V]
e0)
-




Figure 2.

30.

Photographs showing zones of hydrolysis
produced by amylase present in the saliva
of resistant and susceptible rats.

M.

Pre-caries level

Upper clear zone represents resis-
tant =saliva; lower zone, susceptible
salivea,

Period of caries development

Upper zone represents resistent sal-
1va; lower zone, susceptible salivsa.

Caries appear 1in resistant level
Upper zone represents recsistant

saliva; lower zone, susceptible

saliva.

Advanced caries level

Upper zone represents susceptible =ssl-
lva; lowsr zone, resistant saliva.
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IV. ZELECTROPHORESIS

The moving boundary method of electrophoretic ansly-
sis reveals a detaliled and relieble representation of the
serum proteins. It may be considered to be of greater
value than any other chemical or physical technique for
the determination of serum proteins avalillable at this time.
The procedure yields quantitative informstion on s whole
series of well-defined serum and plasma protein components
which cannot be differentiated as resdily by other methods.
Two excellent features of this technique are its recquire-
ment of smell amounts of meterial and that the conditions
of analysis are rsletively non-drastic to the protein.

The principle of =slectrophorssis is thst a sharp
boundary between protein solution cnd its solvent (usu-
ally buffer) is formed and observed as the charged protein
migrates in an electric field. Should the solution contain
only one species of protein, the boundary remains symmet-
rical and single. If there are different sgecies of
cherged proteins in the sclution they move st different
speeds, so that the initial sherp boundary separates into
several boundaries, each representing a different protein
fraction of different charge.

It wes earlier noted that a diagnostic tool to distin-
guish between resistant and susceptible animsals might evolve

from one or g combination of the methods employed. The
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delicate procedures and extensive time required for sl=ch-
rophoretic =n=2lysis might be redueced and adapted for diag-
nostic purposes, if & simple distinguishing feature of the
pattern results could be detected.

The usefulness of this procedure is the fundamsntal
information regerding serum protein differences it can
vield. It was for this purpose thet it wes used in the
investigation.

Among the many papers svailable on the general sub-
Ject of serum electrophoretic analysis, those of Ztern and
Reiner (64), Henley and Stern (£6), Leutscher (585, Longe-
worth (40), and Mocre and White (49) are pertinent.,

Literature on electrophoresis related to the subject

of dental csries could not be found.

Frocedure

Blood was obtained from the =-nesthetized animals by
cardiac puncture. The whols blood was pooled (usually
from two or three animals of each group) and serum obtained
by standard technigues. The serum was separated from the
clot by means of & suction pipette and diluted with two
volumes of buffer. The buffer used in this study wes a
barbiturete (veronal =nd sodium verconzl) solution of pH 8.6,
0.1 I ionic strencth made up ot 24° C. It is stated by
Longsworth that this buffer produces better rssclution of

the delts =2nd epsilon from the gamma globulin bounderies.
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. |
The buffer-«serum semple was placed in = Visking

in

casing and allow=d to dialyze against 100 ml of buffer for
two hours 2t which time 100 ml of fresh buffer was substi-
tuted. Thrse hours later this buffer was szein changed
for 3200 ml of fresh buffer for overnigzht equilibration
against the protein seclution. Constant zgitation of the
WITH
membrane-fillad,solution was maintained at =211 times to in-
sure razid equilibrium. The fingel dislysis time was carried
out in a ccld room at 49 C. The eguilibreted serum was
clarified, if necessery, by centrifugstion for 15 minutes
at 2000 rpm in the cold room.

The buffer-serum sample was then placed in the elect-
rophoresis aparatusz and allowed to cpsrate for 7200
seccndes at 7.5 milliamperes which aprezsrs to give the best
resolution of the serum vroteins.

Fesiastance of buffer sclution and protein sclution
woz measured with o conductivity btridge (Mod=1 RC—lE)S and
conductivity cell with cell constant O0.4£9Z% to obtain
specific conductivity data.

The resolution of the ssrum proteins produced the

‘electrophoretic patterns.

Cerkin-Elmer Model 38 Ticelius Wlectrorhoresis aprparztus,
Industrisl Instruments, Inc.

Msmbrsne of seamlsss. ragenarated viscoszs process cellulese,
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Hach serum protein component mobility was detarminad
as recommended by Longsworth and MscInnes (39), from the
measured distance in centimeters between the initisl boun-
dary and the ordinetse dividing the areaz of the component in
half. This migration distance (d) was substituted into the
following formula of Longsworth along with other pertinent

data for the determination of mobility.

L(: qusp
it

The potential gradients were evalu=stzd by supplying

dat2 into the following formula:

Potential gradient = i
q . KSP
where:

d = dicgtence migrated in centinsters
a = croess~-sectional area of the cell
t = time of migration 1in seconds

i = current in =mperes

KSp = specific conductance of prectein

conductivity cell constant
resistance of protein in chms

1]

The aree under each protein component was compguted in
the manner sueggested by Greenberg (41)., The negetive con-
taining the descending bcundaries was placed on centimeter

ruled graph paper. A strong light source overlsild with a

glass plete was backed with grorh paper. The boxes 1n cach

]

ares were counted and a per cent of toftal concentration for

egech component was obtained.



Results

The patterns sre licted in Figs. 3, 4, 5, snd 6,

The infeormetion obtained from ths boundary uattarns are
listed in tabular form (Table 4). This table is, in part,
reproduced in the form of 1line graphs. Thess line graphs,
Figs. 7, 8, 9, and 10, indicate 1ittle, if any, differencss
in proteins compecsition exists in the sera of the animels
studied.

A pinimum difference of 1C per cent between any of
the component fractions wmas arbitrarily established 2s a
bagls for considering the results significent. With this
criterion it became apparent that the albumin fraction
offered no point of differ=ence.

Close gerutiny of the pattern from susceptibhle ani-
mals of the caries developmental period reveals & dircon-
tinuity in the boundary of the alpha-globulins and a
needle-1like projection rislng cut of it. This effesct ray

b

]

due to imperfaocticne in the apparetus. Ice not made of

distilled weter may carry sntrappad moterial that might

3

interfere with the light going to thz cesmera len "nis

m

.
explanation is suspectad tc te a more correct interprets-
tion of this pottern.

The remaining betz globulins and ganma globulins
clearly do not indicate the 1C per cent fifferapce as there

is = Ffactor of exparimantel errcr te be considered, It is



believed that 10 per cent is not an exceszsive Tigurs to
establish es a standard.

This procedure appsrently does not revezl =2ny unusual
or unigus pstterns that might shed 1light on the fector of

difference betwean the two animal strains,
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V. DETERMINATION OF AGCLUTININS IN SALIVLA AND SHRUM

To elucidate further differences that might influ-
ence the rate of ceries development, an investigation into
the presence of antibodies (humoral agents that mey offer
some measure of protection) in the serum a2nd saliva of
these rats was undertesken.

It micht be well teo note here that among the reasons
for the performance of each of the procedures undertsken
was the desire to obtain a tool for the ready disgnosis of
incipient caries.

The immunity Implied may be defined as 3 =ztete of re-
sistence to the develcpment of a disease. 8hould the dis-
ease be initiated by an infectious =2gent then the immunity
mey bz due to substances in the bitood or in the tlssues
which assist in eliminating the crganisns.

Dental ceries cannot be strictly termed an infectious
disecase with the concomitant symptem complex =8 seen in
connective or epithelisl tissue infections and therefore
one would not expect to find iwmune bedies protecting dir-
ectly sgzinst ceries. Howsver, caries resistant indivi-
duals exhibit an immunity which 1is unexnplainsble but 1is
suggestive of ar immunological ‘'principle® which may be
active through either the blood or the salive. In an attempt
to procure informztion relative ftc the two objectives men-

tioned, the tube agglutinstion test wae employed.
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Extensive as the literature is on dsrt2l caries, re-
latively few reports document the findinss of agglutinine
in serum or ssliva agsinst the lactobagilli.

MecIntosh, James and Lazarus-Barlow (43) reported

finding agglutinine sgainst L. acidophilus odontolyticus

in the sera of seven out of ten persons to = titer of 1:160.
In 1943, Dietz, et al (18), in a study of =agglutinins for
lactobacilli in 15 caries susceptible snd 15 caries free
men, concluded that the highest titers of oral lactobzcil-
lus agglutinine are accompanied by =2 low incidence of lacto-
bacilli, but not necesserily a low caries experience. He
obtained titsrs of 1:13-1:88 in non-ceries subjects eﬁd
0-1:72 in subjects with carins,

Purther ohservstions with serum sgeglutinins are con-
cerned with attempts to induce titars by wvaceines of
lactebacilli end correlste them with caries exrerience.

In 1927, Ross, Kresnow and Samet (60) renorted zpgglu-
tinins to a titer of 1:8 with 14 or 18 rabbits Iinoculated

with vaccines brapered from two ctrains of L. acidephilus.

The following year Jzy and his group (Z%) were unsble
to produce azglutinine in rats by vaccines of mixad tynes
\
of organisms. His attempts to use autogenus vaccines in

children resulted in ebeesses ascribed to the rough colony

type of L. acidophilus.

Cenby end Dernier (12) vaccinsted twenty caries-

suscevtible men with vsccines preparsd from streins of
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L. scidophilus isolatsd from cerious desntin. The average

count of lactobacilli in the saliva wes reduced in 19 sub-
jects and increesed in one. The agglutinin titer of serum
was increaseod in ten, unchanged in three and undetermined
in seven.

Williems (71) reported in 1944 on an investigation
employing 23 volunteers who were inoculated subcutaneously
four times at weekly intervals. They each received equal
mixtures of two widely cross-agglutin=zting orgsnisms with
both live and hest-killed vaccines. He observed (72) that
salilvary counts for lactobzscilli are not sppreciably
affected by increased blood agglutinin titers after vaccin-

ation.

Prececedures

The following organisms were used to prepsre the
eantigen for =1l the agglutination tests to be déscribed
for both serum and =seliva:

T2 109
TS 116

Ls 110
LS 149

These organisms are described by Rosen gt 21 (57) es
ism

sastisfying the genus Lactobacillus. i1l four orgen ¢ ware

isolated from the mouths of susceptible rats. TO 109 and
Te116 were isolated on tomato juice agar special and LS 110
and 149 were isolated on L3S medium. These organisms were

meintsined on micro assay culture ager (Cifco).
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Nhen an agglutination test was to be performed, 24-
hour micro inoculum broth (Difco) cultures of each of the
above lsolestes was used as antigen. The broth cultures
were aggregated by centrifugstion and the broth rzmoved.

The cells were resuspended in 0.85 per cent szlins
diluted 1:1000. This dilution wes used in order to mini-
mize auto-agglutination sinee it has been shown that lacto-
bacilli generally agglutinete spontaneously in 0.85 per
cent salt (70, €9, 51). Despite this procedurse, one of the
isolates, TZ 109, apcslutinated spontaneously and was not
used. Therefore, only three of the four isclatses previously
deseribed wers used to prepsre antigens.

Five-tenth per cent phencl vas =2died to the bacterial
susvension as o preservetive, These suspansions were di-
luted to a turbidity, equesl to th=z=t of tube #Z.0 of McFar-
land's nephalometer,

Seven Wesserman tubes were set up containing 1.0 ml
of distilled water in whiech the saliva or serum dilutions
were mede, It is spparent thet the finzl seline concentra-
tion is cuite smell, but sufficient to manifest the seceond
stage of sntigen-entibedy combinotion (68)., C“ubsecuant

procedure is stendard and nead not b= described here,
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Results

The results shown in Tablesg 5, 6, an
ggglutinating entibodies were pressnt in the saliva of
these snimals. Thase agglutinins were present at 211 levels
of caries activity in both resistant and susceptible =2nimal
strzins to some degree.

In the pre-ceries stage grester agglutination was
axhibited by the resistsnt animels. This was of 2 variable
nature differing betwecn the three antigens which was not
unexpacted. These 1isolates were nct ths same in respect to
biochemicel definition and their =zntigenic characteristics
mey differ also. The variable titzsrs obteined from trisl
to trial with a partlcular antigen was not anticipated.

This will be discussed presently.

No differencz in antibody content wsoss spparent between
the groups during the period of cearies development. The
same occasionsl varisability was sevidenced here.

i\t the sdvenced caries la2vel all three sntigens of

1}
¥

i

the resistant group sxhibit merked incre=cscs over the sus-

¢

o

certible group with less varietlion within =2ny singzle entigen
over four tri=ls.
In the final group, where caries were seon in the re-

i snimale, isolate TZ 118, eenerally the strongest

ct
Xy

tan

m
]

1

natine strain, appsered tc hsva cembined with four

[

lut

o

ag

o

™

i

times as much ozglutinin in the recistant seliva 2s compzared



52.

with the susceptible. "hen 211 antigens were teken toget-
her, the difference still existed but wee leszs obvious,., In
this group the varistion within the antigens was =1lzo found
but to a lesser degree.

It should be ncted thest the salive of the recistant
group exhibited titers of 1:32 cor greater, 53%.3 per cent of
the time as compsrcd with 12.1 per cent for the susceptib-
les. However, the variability within a2 single sntigen
suppressed an attempt to regard this 2s signhificant.

For the most part pcoled saliva was exzmine”, At
lsa2st three animals were usced for a pcocol. The same animals
of any spvecific group were not used repcatedly in gethering
date. This use of different animals mey be one fz2ctor re-
sponsiblc for the occasional variastion of titer with =2
single antigen. Three resistant znimels were uced twice.
Theee anirals were those in the period of ceriess dev~lop-
ment. They were tested %4 days apart (trisls 1 =and 3,
Tebhle 5) and this interval might evplain the incresse in
titer exhibited between these two trials.

The =ntibody present in the salive may represent
leakage from the blood serum. Fluctuations in the serum
may pe reflected in the salive. Another factor thst mey
well be responsible for the triasl to trisl titer varistions
are the bscterial isolstes themselves. It has Deen reported
that lactobscilli cen undergo changes while being Trans-

ferred through ordinary medla. ALz these isolctes were



53,

transferred with regularity in ordsr to prevent their
dying out, antigenic changes may have occurred. (16, 24).
Orland (51) writes that "the apparent suppression or less,
at least temporarily, of s major somestic antigen among
lactobacilli constitutes = rather intsresting immunologi-
cal phencmsnon, though the mechanism involved is highly
uncertain at thie time.”.

There is e further possibility that the agglutina-
tion obtained is of B non-specific nzture. It rem=ains for
further sxperiments to prove that the lactobacilli are
either agglutinated by s substarce with the charscteristics
of an immunse body and produced in response to the presence
of antigen in ths tissues or thszt the clumping is only the
non-specific manifestation of the presence of salts or

oroteins capeble of educing bacterisl acgregaticn,

&
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Table 6. Per cent of total occurrences nar unit of titer.

Resistent Susceptibls
Titer Number of Per cent of Number of Titer
occurrences ‘total occurrences occurrences
0 7 23.3 51.5 17 0
8 2 6.6 18.1 6 8
16 5 16.6 15.1 5 186
32 4 13.3 12.1 4 32
64 9 30,0 0.0 0 64
128 2 6.6 0.0 0 128
256 1 3.3 3.0 1 258
30 23
Table 7. Per cent of total occurrences shewing antibedy
titer of 32 or grester.
Tesistant Susceptible
Number of Titers of &Z or Number of Titers of 32 or
titers greater titers greater
30 16 33 5
Per cent Per cent

5Z.3 15.1
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Procedure with Serum

Blood was obtained from lightly sthserized animals
by means of carbiac puncture. Two to four ml of blood
from each of three to four animsls wers pooled and serum
obtsined by standard procedure. The aggiutination tests

performed have been previously described.

Results

As indicated in Table 8, the titers obtained from
pre-=ceries animals with isoclete TS 116, indicated =
£lightly greater antibody content for the resistant group.
Although the resistant titer was never below 640 with this
antigen, the susceptible strain exhibited & titer of 1280
in one instance. The resgistent titers of 1280, obtainsd
with isolates LS 110 and LS 149 on the first trial, were
probably not chsracteristic of this group.

The periods of caries development, advenced caries,
and cafies in resistant strains exhibits 1littls difference
in titers between strains. In gsnerel, the recistant
streins showed a slightly higher titer but the differcnce
did not appear to be significant. This observstion dimin-
ishes the possibility that = protective mechanism in the
form of serum sgglutinins wes at work in some of the strains
of rats. This procedure, therefore, did not appear to be

useful as a diagnestic tool.



ST,

In an attempt to discover if the titers obtained
were unique for the Hunt-Hoppert rats, other animsl speciles
were examined.

Rebbit, human and other rat sers were obtained. The
rats were obtained from two different areas. Rats I were
from the Department of Physiology and had recently arrived
from Carworth Farms. Rats II were from the Vitamin and
Amino Acld Assay Lsboratory of the Chemistry Department.
They were bcern on this campus.

Subjecting these sera to the same agglutination tests
brought to light significant observations. Table 11 shows
that_rats, in genersl, yield titers equal to, if not
greafer than, the Hunt-Hcoppert strains. Fossibly rodents
in general yield this type of pattern. Rebblt and human
sera, on the other hand, yield very low titers. This was
anticipated as many specles of bacteris mre clumped in low

dilutions by "normal® sera.
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Table 9. Per cent total occurrences per unit of titer.
Raet Zera
' Resistant ' Susceptible
Titer Number of Per cent of totel Number of Titer
occurrences occurrences occurrences
0 8 22.2 8.8 3 0
160 0 0.0 5.7 2 160
320 0 0.0 20.0 7 320
640 4 11.1 22.8 8 640
1280 19 52.8 22.8 8 1280
2560 5 13.8 20.0 - 2560
36 85
Table 10, Pér cent of total occurrences of antibody
titer of 1280 or greater.
Resistant Susceptible
Mumber of Titers of 1280 Number of Titers of 1280
titers or greater titers cr grester
35 24 36 15
Per cent Per cent

66.6 4.8
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Table 11. Comparison of serum titers of Funt-Yoppart
rats with other rats and msomels.

Antigen Rabbit Humean Rats I Rats 11 Hunt-
Hopnert
rots
1 2 1 2 1 2 1 2 R <
T:1l1l6 8 0 186 8 2048 40906 1024 1024 1792 1120
Le110 0 0 8 0 256 2956 2 266 1024 720
13149 0 0 0 0 256 256 128 258 700 1120
<R = Resistant
& = Zusceptible
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VI. GSALIVARY LEUCCCYTES

The presence of leucocytes in the blood 2nd their roie
as phagocytic agents have been recognized since the work of
Metchnikoff., The literature is replete with studies of
Tthese cellular elements. But this is not so in the case of
leucocytes present in salive. Despite the fact that cer-
tain leucocytes are known to exhibit a phagocytic action
toward many bacteria, virtually no work has been done to
egtablish the function of these salivary corpuscles}

Appleton (2) stated that polymorphonuclear lsucocytes
were constantly passing through the epithelium of the orel
mucosa to the free surface. He suggested that these cells
were potentially vhagocytic and may contribute to the
diminution of bacteria present in the mouth.

Bibby, Hine and Clough (7) shared the opinion of
Appleton that leucccytes were phagocytic and reduced the
population of orsl bacteria.

From their work, Isaacs and Daniclian (32) concluded
that saliva, as it éppeared at the opening of the duct of
the salivary glands, was free of leucocytes. They believed
that leucocytes present in the saliva had wandered through
the oral mucous membrene.

Orben ‘and Weinmann (50) reported finding fewer leu-
cocytes in stained preparations of carles free Individuals

than in caries susceptible persons.



62,

The leucocytes from the mouths of susceptible individuals
were 1n better condition than those from resistants!
mouths.

Wright and Jenkins (73) found no difference in the
total number of leucocytes in caries free and cariss sus-
ceptible individuals. They found that the number of
intact cells wsre four times greater in the ceries free
subjects. Many cells were fbund to be in various stages
of disintegration.

The sparse litereture desling specifically with
numbers of leucccytes present in the szliva of caries free
and csries suscaptible individuals is not conclusive.
Agreement is also lacking as to the meaning of leucocytes
in seliva.

The possibility presented itself that salivary leu-
cocytes might be instrumental in réducing the oral lscto-
bacilli population. Rosen (59) observed that these bacteria
in the saliva of the Funt-Hoppert rats were a permanent
flore of the susceptible rats and were transient in the re-
gsistant strain.

In keeping with the idea of & largs screening program
thet would point the way for future investigations, a study
of the saliva with respect tc leucocytes was incorporated
into the program. Two objectives were sought: to demon-
strate the pressnce of leucocytes in the saliva of these

animels and to quantitetively describe the difference in
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numbers between them; and gecondly, if possible, cobtaln a
dimgnostic tool whereby = lsucocyte count would indicete

the advent of ths caries condition.

Preocedure

Glass slides were scrupulously cleaned in sosp solu-
ticn, followzd by immersion in o dichromate b=th. With the
ald of a tungsten-earbide pencil, a 7/8 inch (22 x 22 sqg.
mm) square was etched into the slidscs.

Sellva, obtained in the manner previously described,
veg pooled and O0.01 ml was placed in the center of the

etched square from a 0.2 ml pipette. The glass Jjar con-

L)

]

Q

tzininzg the vpooled saliva wag vigorously rotaeted immedi-

¢

ct

=

=t

ely prior to removing the 0.01 ml sawmple tc distribute

the laucocytes evenly throughout the saliva. This portion
was evenly spread to the edges of the sgusre and culckly
fixed in o current of warm =ir which w=2s obtelned by placing
2 bunsen fleme behind a fan rotating at moderate speed,

Eoth a susceptible and & resistant smear were made 1n rapid
cuccession. These were then ready for stainirng. ¥Wright's
stein proved most satisfectory for this purpose. Oocver

slip oreparations did not prove as effective as the slide

preparations.

Staining Prcoccedure

nright's stain was made up from the powder zg follows:

Wright's powder - 0.2 gm.
Glycarin - 2.0 cc.
Mathyl alcohol - 97,0 cc.



64,

The powder and glycerin were ground in a mortar and
the methyl alcohql addéd. The stain was then placed 1in a

dark brown bottle and =21llowed to incubate at 370 C for at

least two weeks,

'Buffer
Monopotassium phosphate - 6,63 gm.
Disodium- phosphate anhydrous - 2.56 gm.
Distilled water - one liter

(1) Ten drops of dye were placed on the prepared
8lide for two minutes.

(2) Ten drops of buffer were added and sllowed to
stand for seven more minutes after which a
bright metallic sheen appeared.

(3) The preparation was washed with distilled
water in a mesnner calculated to 1ift off the
dye.

(4) The stain was then dried between blotting paper.

The cytoplasm of the leucocytes appeared blue-purple
and the nuclsi stained mauve. Bacteria stained deep blue-
purple. This preparation wes not examined under the oil
immersion lens of the microscope.

Haemascytometer preparations, including those stained
with Rendolph's stain, in an Ac Spencer Eright-Line Haema-
cytometer did not yleld the fine results obtained with dry
mounts, and, of course, the dry mounts are a2 permanent
record. The high megnification that can bs used with the

dry mounts allow differentisl counts to be made easily.
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All counts were translsted to numbers present in
1.0 ml of saliva. The celculation is made sccording to

the following formula:

No. of cells 4 484 x 100 = No. of cells
counted h area covered per ml
(sq. mm)

484 = the total area of the etched square
Ares covered = Area of one field under oil
immersion multiplied by the
number of fislds observed.
The formule mey be simplified further after the =ares
of one field 1s calculated. 1In this case the area of an

0il immersion field was 0,08 mmz. The formula then becomes:

No. of cells 8,050 100 = No. of
counted X "No. of fields X = cells
cocunted . per ml

Only intact dells were counted. Fragments of cells
that could bs identified wer=s not included in the total
count. This procedure did not impose difficulty as only e
very small number of the total cells appsared toc he in

some degree of disintegration.

Results
A glance at Table 12 reveasls thet leucocytes are pre-
) sent in the mouths of Hunt-Hoppert rats. The data show
that there is a distinct difference between the numbers of

leucocytes prasent in the resistant and susceptible strains.
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It is to be noted thet in only the pre-coaries stage
arec leucocytes present in larger numbers in the resistent
eanimals. Therc is =n approximately thrae-fold higher leu-
cocyte count emong the resistant animals. Fut the figures
represent averages of several trisls and in thie inctance
may nct indicate the true condition preveiling. Three
separate trials on susceptible s2liva yielded concsistent
counts avsraging 12,16E cells ger ml. On the other hznd,
the triels with the rssistant animels did not reveal this

type of consistency. One of the trisls showed a zero

ct

count and enother trial g vsry high ccunt. The averzge in
this csee, z2lthough 2 higher filgure than the susceptible,
may lead to felss interpretation.

Tach successive stage thereafter exhibits a2 m=rked
difference in leucccyte numbers with the susceptible
animale showing far highar counte. A tiires-fold increment

is noted in the developmental pariod snd four-fold increases

cre =asen in both the advanced caries and ceries in recis-

L

tant groups.

The type of laucocytes found 1is noteworthy. FPoly-

arecdominate in the susceptible

D
U}
IE

morphonuclear lsucceyte

o

ctr2in with menccytes sscond. Lymphocytes, on the other

hand, predominate in the resistsnt etr=in with moncoecytes

tively few in number. Table 13 presents =2 tabulation of

this differesntial count.
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Figure 11. Photomicrograph of salivary lsucocytes
(Zach space represents 10 micron.)

A. Nen-filamentous polymorphonuclear leucocyte
and small lymphocyte.

B. lMonocyta, upper right; lymphocyte, lower left.

C. GCGroup of small lymphocytes; monocyte off to
right.

D. Clump of sm=ll lymphocytes; monocyte, lower
right.

=

. Nuclei of epithelial cell, upper left; poly-
morphonuclear leucocyte, center right;
monocyte, center laft,

F. Monocytes
G. lonocytes

H. Non-filsmentous polymorphonuclear leucocyte
and smsll lymphocyte.

I. Non-filamentous polymorphonuclear leucocyte.
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'V;I. PHYSICAL DETERMINATIONS ON RAT SALIVA

Very few physical determinations have been performed
on saliva in pursuit of the riddle of dental cariss.

To describe as complstely as possible the conditions
prevailing in the mouths of the asnimals studied, the phy-
sical nature of saliva required definition. The four
measuremsnts;-- surface tension, specific gravity, refrac-
Tive 1ndex and viscoslty-- would smply describe the physiecal

charscter of the saliva under investigation.

Surface Tension

A search of the literasture failed to uncover observa-
tions concerning the surfacé tension of rat saliva or
observations concsrning surface tension of saliva from

carious mouths.

Procedure

Surface tension was measured by 2 torsion bzlance
method in which a Cenco Du Nouy Interfscial Tensiometers
was employed. The interfacial tensiometer is a direct
reading instrument and was calibrated against boiled dis-
tilled water (72.0 dynes/cm) and C.P. Benzene (28.2 dynss/
em) at 23°i10.500. One milliliter ssmples of ssliva were

pipetted onto acid cleansd watch glasses for measurement.

¥Sorisl No. 890, No. 70542 Pletinum Ring - Mean circum-
ference 5.995 cm. R/r 53.6.



72,

Results

Table 14 presents the figures obteined. It is
obvious thet 1ittle difference exists betwesn the two
groups of animels. Four-tenths of = dyne per cm differ-
ence between the animals of the pre-caries level and 0.9
dynes per em difference in the period of caries develop-
ment sre well within the limits of experimsntal error.

The slightly higher differences obtained with the
remaining two groups, 1.8 dynes per cm and 2.7 dynes per
cm in that order, likewise were within the 1limits of ex-
perimental error. Preliminary tests had shown that vari-
etlons from one to four dynes per sample could bs antici-
pated. .

Although these figures do not indicate differences
between the two strains, the very nature of the figures
themselves zre interesting. The low surface tension,
(average of 42.9 for the resistants and 43.7 for the sus-
ceptibles), is quite provoking congsidering its high water
content. When the values for saliva are compsred with a
surface tension depressant such as 0.1 per cent sodium
oleate solution which has e surface tension of 42.2 dynes
per cm or to watsr with a surface tension of 72.0 dynes per
cm, one cannot escape the conclusion that seliva has great
wetting characteristics. This mey sccount for the effici-

ency of ssliva in moistening feed materials.



It was observed as early =s 1925, by Albue (1), that

L. acidophilus could grow well at a surfece tencsion of 36

dynes per cm. This low surface tension vitiastes any antil-
lactobacillus effecets due to surface tensiocn. Since both
stralns oxhibit tho sawme surface tension, it is dcubtful
that the difference in bacterizl population can be attribu-
ted to this factor of sesliva.

It is of more than pessine interest to note that LBS
medium selective for lactobacilli contains 0.1 per cent
Tween 80, a surfectent, as an integral part of its formula.

The object of this medium is to grow lactobacilll selective-

ly to the exclusicn of 211 other microblal forms and a low

3

gurface tension is a contributing factor. The incorpora-
tion of a surface tension reducing reagent obhteins a sur-
face tenzion of approximately 45 dynes per centimetcor for
this medium.

It may be ressoneble to speculate that an equally low

on present in the sa2liva of the rsts

m
s

order of surface ten

limits the types of microflora precent.
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Table 14. Surface tension® of pcoled Hunt-Hoppert rat
saliva at different steges of csriss activity.

Trial Pre-caries Develop- Advanced Caries
level mental cariss apre2r in
level recistent
1 43,1 43.6 43,1 43,7
Resistant 2 42.8 42.8 41,9 42,0
3 42,1 44,3
Ave. 42.9 43.2 42,3 43,73
1 42.6 4z .5 45,2 46.3
Suscept- 2 43,0 42,2 45,0 43.2
ible
3 42.2 44,8 46.0
AVE . 42.5 42,4 42.0 42.

slieagured in dynes per centimetsr
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Refractive Index

Careful searching of ths literature on dental caries
failed to reveal papers concerned with the refractive
index of saliva. Since differences in the intrinsic con-
centration of saliva could be revealed, this procedurse

might prove of value in characterizing the saliva.

Procedure

For the determinations to be mede 2n AQC Spencer Re-
fractometer (series 424) was empleyed. The scales of this
instrument are calibrated directly in refractive index as
measursd with the "D" line of the sodium spectrum. The
scale may be read directly to the third decimal place and
the fourth may be estimated with an accuracy of 4+ 0.0002.

A drop of saliva was spread evenly on the ground
surface bf the auxiliary prism. The lever arm was moved
until a dividing line was obsserved through the telescops.
The refractive index [fN%gd7 was read dirsctly from the

Alidade scale.

Results

The information obtained from this procedure is pre-
sented in Tabls 15. The magnitude of difference smeng cny

of the groups, or between resistznts and susceptibles of
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eny one group is negligible. The index of raffaction
obtained tends to indicate that the saliva contains a low
concentration of dissolved solids. Bﬁt it is sufficiently
high to affect the saliva such that detection of differ-
ances can be accomplished with other procedures.

Althouch this study presents new information that
can be applied to Hunt-Hoppert rat saliva, it does not
appear to yield date, the naturs of Which cen shed light

on the caries problem.



Table 15. Refractive
saliva st different

7.

index of

pooled Hunt-Horpert rst
ctegee of carles 2ctivity.

Trial Prs-carles Develop- Advanced Caries
level mental caries spne2r in
resistant
1 1.3341 1.3339 1.72350 1.3358
2 1.3340 1.7740 1.,3340 1.73257
Reslstant
3 1.,7%2329 1.3340 1.3340 1.73657
Aveg. 1.3340 1.32340 1.7243 T L,REB4
1 11,3340 1.7342 1.33E1 1.3360
2 1.3339 1.33%43 1.3347 1.3361
Suscaptible
3 1.3340 1,3341 1,7RAT 11,3360
Avg. 1.5340 1.3342 1.3%48 11,3280
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Viscosity

Viscosity measursements of'5311Va, both animal and
human are conspicuous by their absence from the dental
literature.

Hewat (28), in one of the very few reports sveil-
ebls, observed thst of the children he studied those ex-
hibiting caries had salives with a relastive viscosity of
1.23. Saliva from caries fres mouths hed a relative vis-
cogity of'1.02. He believes that the more viscous saliva
tends to bind particles of food (especially sugar) to the
teeth.

Procedurs

Viscosity measurements were carried out on the salivsa
of the Hunt-Hoppert rats in an attempt to ascertain the con-
ditioh of difference between the two groups as a function
of the internal triction of the liquid. The viscosity then,
would reflect the resistance experienced by the molecules
in moving around in the interior of the liquid due to
inter-moleculer forces.

One milliliter volumetric »nipettes wers soft=ned in
a Bunsen fleame and drawn out to a2 length, such that dis-
tilled water, fallineg between two points, yielded dropring
times of twenty seconds. Standerd viscometers were not
available for the small volumes required by this study.

After filtration through a Swinney eprparatus, ths
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saliva waes drawn into a pipette by suction bulb. Dropping
Tlme was measured with the zid of a sweep hand stop watch.
211 measurements ere relative to distilled weter with a

dropping time of twenty seconds.

Results

The figures in Table 18 are most interesting. In every
instance the susceptible groups exhibit a lower viscosity
than the resistant group. Table 17 indicates that the rela-
Tive 'wviscoslties are on the average 9.0 per cent higher for
the resistant aniwals as compared with the susceptible ani-
mals. Considering the technique employed, the data presen-
ted are wéll beyond the limits of experimental error. This
nine per cent difference in relative viscosity may be'indi-_
cative of smaller, more mobile molecules in the interior of
the susceptible saliva as compared with larger molecules in
the resistant sallva. These smaller moleciles may be the
result of enzyme action on carbohydrates. If this is true,
then it might be reasconed that the susceptible strain of
animals would be the recipient of'greater gcid production in
their mouths with subsequent caries activity. The mechanism
of carbohydrate degradation with resultent acid formation is
"presented in the section on Amylase determinations.

The viscosity dastz suggested that amylase determina-

tions be incorporated into the body of the investigatim. Te
enzymatic destruction of large molscules to esmaller Tragments

might reasonably yleld the viscosity date pressnted in the

tables.
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Tabls 186, Dropping times® of pooled Hunt-Hoppert rat
salive at different stages of caries activity.

Trial Pre-caries Develop- Advanced Caries

lavel mental caries appear in
level reslstant
1l 24,02 24.12 22.60 25,60
Resistants 2 24,16 23.90 23484 23406
3 83.43 23,72 23,52
4 23.16
Avg. 24 .14 23,65 283,38 24,082
1 28.36 22.684 21,32 23.33
Susceptibles 2 22,24 22.72 21,30 21.40
21.40 21.26 £l.16
4 21,60
Avg. 22,80 22,09 21,29 £2]1.96

#Measured in seconds.

Table 17. Relative Viscoslty of Hunt-Hoppert rat saliva,

_Rasiabant Susceptible

Pre-carios level 1.0 1.11
Developmental period l.18 1,10
Advanced caries 1.17 1.06

Cariles appeear in resistants 1.20 1.10




Specific grevity messurements =2re 2 convenient sid
in characterizing liquids. They have bean proven to be
valueble in diffsrentiating bstween similar compounds.
Specifiic gravity, dg, which is defined =22 the mass,
m, of a substence at t° C. reletive to the mess, m_, of an
equal volume of water at ©° C, 1s therefcre a2 dimensionless

number.
The most common method of specific gravity determine-

tion consists in finding the weight of licuid oc

Q

u

O

ving a

3
@

known volume defined by the shape of a given vessel. h
vessel 1is calibr=ated in terms of the welight of pure water
which it holds. Fycnometers are the usuel vessels
empliloyed.

There is o psucity of informetion on determinations
of erecific grevity performed on salivas of gerscons, or
animals, with'and without ceries. Hewat (28), who obtained
saliva from children with and without dentel caries, re-
ported that specific grevity of saliva from the nen-carious
children was 0.9937. The figure presented for the saliva
from carious mouths was 0.9918.

(=
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remaents

[
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The incorporation of specific gravity me

i

ct

h

=

sal

O]

into this study was to further cheracterize va
obtsined from the Hunt-Hoppert rats. As no specific gra-

vity determinaticns heve ever bzen periormed on the sallve
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of these =2nirsls, such a determinetion wse nzeded and might

indicate a factor of difference between the snirmels.

Procedure

Since only small vclumes of saiiva were avallable, a
1.0 ml Lipkin-type* pycnomester was employed. This is a
bi-capillary vesssl with one of the capillary srme bent at
an angle of 140° s0 ss to allow gelf-filling. The liquid
is Tirst drawn into the pycnometér by capillary action and
the pycnometer then fills by siphoning. This hook is also
convenient for huonging the pycnometer on the Ainsworth
precision balance for the Weighing operation. Four place
accuracy can be obtained with this procedure.

After filtration through a2 Swinney apparatus, the
filtered saliva was placed in a glass tube (1/2-inch tall
by 1/2-inch sxternal diameter) and the hook end of the
pycnometer immersed below the surface of the saliva. The
seliva was alléwed to rise to any arbitrary level on the
pycnometer scale. The filled vessel was then hung on a
precision bslance and weighed. After flushing and rinsing
with distilled water the same procedure was followed using
distilled water, except thet the weter was brought to the
seme level as the saliva. From the welghts of equel

volumes of s2live and water, reletive specific gravity

measurements were obtained.

-~
[~

¥hiveilable commercially from the H. £. Mastin Co., Tvanston,
Indiensa. ‘
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Resulte

Table 18 liste the dats obtained. It is generaily
seen that little or no difference in specific gravity
was the ruls.

The salivas of both animal groups exhibited no
differences at the pre-caries level. This was =21so true
at the developmental level. An averagé difference of
0.00583 units was obtained between the two strains ot the
advanced czries level. This represented a reduction in
density from the developmentel period. But this was not
reflected in the older animals as would be anticipated
gsince caries activity was present in both strains. As the
specificrgravity in this group was similar to that in the
developmental period, the reuction obtained 2t the sdvan-
ced caries 1evél in the susceptible saliva appearsed not to
be ai:reonsequence of the carious condition.

Although the data ccllected in this study had naver
been obtained previously, it does not appesr to delineate

the problem of differences betwoon the two strains of

animals.
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Teble 18. Specific gravity of pooled Hunt-Heppert ret
salive at different stages of ceries activity.

Trial Pre-caries Develop- Advancad Caries

level mentsl caries appear in
period resistant
1 1.Q0068 1.00023 1.0010 1.0003
2 1.0005 1.0004 1.0001 1.0004
Resistant
3 1.0003 1.0008 1.0008
Avg. 1.00086 1.0005 1.0008 1.0006
\
1 1.0008 1.0003 D.9958 1.0004
2 1.0008 1.0003 0.9948 1.0003
Susceptibles
: 1.0002 0.9950 1.0004
Avg. 1.0007 1.0002 0.9652  1.0003
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DISCUSCICN

Of the various tests employed in an asttempt to reveal
differences between the two streine of rests, seversl showed
promise of being effective, |

In the area of physical measurements only viscosity
determinations offered significant differences. The reels-
tant strain had 2 nine per cent higher viscosity which may
be correlated with the highar amylase content present in-
the sglive of the susceptibls snimals.

Contemporary with these findings was the further
observation that larger numbers of bz=cteris wers recovered
from the saliva of susceptible animsls. Not only was the
total bacterial populstion lerger, but the acidogenic bsc-
teria representaed by the lactobacilli and streptococei,
werse élso present in larger numbers.

The existence of thres potentially interrelsted con-

ditions may offer zn avenue for speculetion regesrding the
initiation of caries in the sucsceptible strain of rats.
Particles of the carbohydrate containing diets may probebly
lodge in the crevices and fissures of molar teeth. Con-
tained in the gsalive bathing these teeth are starch-hydro-
1yzing enzymes (amylsses) that mey eild in the degradation
of the larger polyssccharide moleculss to smallsr disac-

cheride snd monossccharide sugars. This reduction of large

molecules to smaller ones masy be mirrored in the lower
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viscosity of the seliva. The amylasees may be either ssli-
vary or bacterial in origin, or o combination of the two.
The large numbers of oral bacterisa rresent could con-
celvably produce quentities of this enzyme such that the
resulting hydrolysates, dis=ccharide and morossccharide
sugars, would be avallsble for bacterisl fermentation with
subseguent producticn of 2 sustoined scid sction on the
enamel of the tessth.

This synthesis, though in asgreement with the current-
ly popular theory of caries initistion, may in no way con-
tritute to actuasl caries formation, but mesy he the result
of the genetic differences between the two strains. Never-
theless, the observations sugegest the direction future
investlgations should take. If the results of this study

are furthsr verifisd with larger numbers of animals the

greater meaning.

4

It was mesntioned earlisr that dzntel caries is =2

unicue diseacso, Pecause of the nature of th= tis=sue in-

Y

volved, dent=l lsesions do not lend themsslves to strict

afinition of infeection with its syrptom complex. Pertilcu-

ct
e

larly lacking is the condition of ticeue repn=ir and replacs-

t

ment. This study estsblishes the presconce of leuvecccytes in

{3

{
1

s ar
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the s=liva of these rats. Theses cellulap elamor
t
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troeti
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nner suggestive of a positive 2 .

in 2 m
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presen
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The numbers of lsucocytes, particulerly pelymorohepucl:zors
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and monocytes Present in higher numbers at each stage of
caries activity in the caries susceptible animals indicates
some type of stimuletive mechanism in operation. The

large numbers present may be in response to the dental
'infection. The poesibility that a chemicel "trigger"
liberated in the diseased area sets the mechanism in motion,
is in =accord with the vitalistic theory promulgated recent-
ly. On the other hand, the presence of these leucocytes
mey be in response to & chemotactic sttraction toward the
'large numbers of bacteria present. The higher polymorph and
monocyte count obtained with susceptible saliva =28 compared
with the high lymphocytes of the resistant saliva suggests
the poseibility that phagocytosis 1s being attempted by

the macrophage system.

The aspects of chemotaxis and phagocytosis could not

be studied at this time.
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SUMMARY

A screening study was made of the salive and blood
of the Hunt-Hoppert caries gusceptibles eand resistaﬁt rats,
Of the eight tests applied to these body fluids, only four
showed promise of helping to differentiate betweeﬁ the two
strains,

Viscosity measurements appear promising as = means
of~e1ucidating the caries problem. A nine per cent differ-
ence between the two strains was obtained. The susceptible
animels had the lower viscosity. The other physical tests
employed, viz., specific gravity, refractive index, 2nd
surface tension, showed no significant difference between
the two strains of rats.

The numbers of lactic scid bacteria and "totalM
numbers of bacteria recovered from susceptible saliva wes
substantially greatsr 2t all levels of caries activity as
compared With the numbers recovered from the résistant
saliva.

The amylase content of caries susceptible rat saliva
was consistently higher at all levels of caries activity
than is the salive of non-carious rats.

calivary leucocytes were present in the saliva of
both strains of Hunt-Hoppert rets. However, there was a
marked difference in numbers and types of leucocytes pre-

sent in the two streins of rests. The susceptible animels
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had the greater numbers in their seliva.

Agglutinetion tests run on the ssliva and bleod
sera oﬁ both streins of the Hunt-Hoppert rats showed no
significant differences betwesn the two strains.

The electrophoretic pattern of the serum proteins of
these animels did not yield significant differences be-
tween the two strains,

Salive collected from both streins of rats and
tested for its antibacterial action against organisms
normelly present in the mouth of these rsts showed no acti-

vity against these organisms.
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CONCLUSION

The results of this work would indicete that the
larger bacterisl population, the lower viscosity measure-
ments, the higher amylase content énd the grester numbers
of salivary leucocytco appear toc offer a means of differ-
entiating betwesen the two strains of the Hunt-Hogpert
rats. These differcnces mey lead to greater knoviledge of

the mechznism of coerises formatione.
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