LACTATE DEHYDROGENASE | SOENZYMES
| N SALI VA

by

Ronal d Echols

Submtted in Partial Fulfillnment of the Requirenents
for the Degree of
Mast er of Science
in the
Chem stry

Program

-ﬁnmﬁ;d i W Fr2a-P2

Advi ser Date -
/éﬂmg/n Lkhﬁbﬁd ChmmAY 23,15%3
Déan of the -Graduate School ’ Dat e

YOUNGSTOWN STATE UNI VERSI TY
August, 1983



ABSTRACT

LACTATE DEHYDROCGENASE | SOENZYMES
IN SALI VA

Ronal d Echol s
Mast er of Sci ence

Youngstown State University, 1983

A study of | actate dehydrogenase i soenzyne patterns
is presented for sanples of mxed saliva and parotid fluid.
Resul ts of bl ood serumanal ysis on the sane subjects are
i ncluded for conparison. A statistical analysis is given
for data on sanples fromnormal and "unheal t hy" subjects.

The el ectrophoresis patterns of whol e saliva
consi stently show a progressive i ncrease in concentration
fromrp, to LD;. However, the isograms of parotid saliva
are very simlar to those obtai ned for blood serum suggest
ing that an equilibriumexists between the enzynes:in these

two fluids.
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CHAPTER |
I NTRCDUCTI ON

In recent years there has devel oped a great interest
in the chemstry of saliva and in the use of saliva as an
alternative to other body fluids for the diagnosis and non-
itoring of disease states. This trend can be seen fromthe
number of entries listed in Chemcal Abstracts from1962 to

1982. Table 1 shows this trend.

TABLE 1
NUMBER OF SALI VA ARTI CLES FROM 1962- 1982

Year Nunber of Articles
1962-1966 500

1970 99

1975 90

1980 . 300

1982 400

The nunber of articles averaged approxi matel y-100 per
year from1962 to 1975. Thereafter the nunbers began to
I ncrease greatly to a | evel of over 400 in 1982.

These i nvestigati ons have shown the presence of
vitamns, |ipids, salts, hornones, enzynes, salts, antibodies
and proteins. In fact it is nowknown that the conposition of
saliva is extrenely conpl ex, conparable to that of other body

fluids. The following table is an abbreviated listing of the



constituents found in this flui d.8’

TABLE 2

9

COVPCSI TI ON O WHOLE SALI VA

Al kal i ne phosphat ase d ucose
Aci d phosphat ase [ nsulin
Anyl ase Corti sol
Chol i nest er ase Immunoglobulina
Lysozyne Gal act ose
Est er ases Mannose
Ri bonucl eases Fucose
Lacto peroxi dase Total protein
Thronbo plastin Al bum n
Car bon di oxi de Sodi um
U ea Pot assi um
Uric acid Chl ori de
Am no aci ds Lact at e dehydr ogenase
- Proline Magnesi um
- @ ycine Cal ci um
- Qutamcacid | nor gani ¢ phosphat e
- Alanine Vi tam ns
- Phenyl al ani ne | ngest ed drugs

Lact at e Dehydr ogenase

The enzyne, | actate dehydrogenase, catal yzes the
reaction of L-lactate to pyruvate.l This is a reversible
reaction with either the oxidation of L-lactate to pyruvate
in the presence of the coenzyne NAD+ bei ng reduced or the
reducti on of pyruvate to | actate and NADH bei ng oxi di zed.

The foll ow ng equati on describes this reaction.

lDesignated as LD, ECL.l1. 1.27 by the International
Comm ssi on on Enzynes.



CH CH

3 3
I + LD | +
H CH+ NAD pH 8.8-9.8\ C=O+ NADH + H
| i di zed | Reduced
(ID:O Coenzyne | \pH 7.4-7.8 C|)=O Coenzyne |
o~ o~
L- Lactate Pyruvat e

The enzyne | actate dehydrogenase is widely distributed through-
out the human body. |In fact, nost tissues in the body contain
this enzyne. This fact, in itself, nmeans the neasurenent of
Its total enzymatic activity for the diagnosis and treat nent
of di sease processes becones of |ess inportance when consi d-
ered alone. Since | actate dehydrogenase i s widely distributed
t hroughout the body tissues, total activity does not relate
the activity to any specific tissue. However, the lactate
dehydr ogenase enzyne becones significant when its "isoen-
zymes" are studied along wth its total enzymatic activity.

An i soenzyne can be related to a specific kind of tissue in

t he body. The isoenzynes are varying nol ecul ar forns of the

sane enzyne. They catal yze the sane chem cal reaction but

differ in certain biochemcal, physical, and i mmunol ogi cal

properties.z"3 T
In the case of | actate dehydrogenase, its isoenzynes

are distributed throughout the body in rmuch nore predictable

patterns than total LD. Lactate dehydrogenase is a

tetraner consisting of four pol ypeptide chains which are

designated Hor M By considering different conbinations

of these H and M pol ypeptide chains, five different isoenzynes



of | actate dehydrogenase can be formed.

TABLE 3
THE | SCENZYMES OF LACTATE DEHYDROGENASE

Peptide Chai n Conbi nati on | soenzyne
HHHH(H ) LD,
HHHM+43M) LD,
HHMM (H,M,) LD,
HMMM(HM3) LD4
MMMM(M4) LD5

Wien | act at e dehydr ogenase enzyne i s subjected to el ectro-
phoresis, it separates into the above five fractions (Lb; to

LD In this research, the sanples were placed at a cat hode

5)'
application point. The LD; fraction was the fastest noving

(the nobst anodic) and LD. the slowest. The "H" chain is

5
named such because of its isolation fromcardiac tissue. The

"M" chain is so naned because it was isolated from skel et al
muscle. This enzyne is actually an intracellul arenzynme. It

enters the blood after either nornal breakdown of tissue and

cells or injury to tissue due to di sease.
The | act at e dehydr ogenase i soenzyne patterns of bl ood

serum sanpl es are well docunented both in nornal individuals

2

and di fferent di sease states. For i nstance, the character-

istic pattern observed after a nyocardial infarct (heart

14 with the

5, 7

attack) is used to hel p di agnose this disease.

: : : : : . : 4,
increasing interest in saliva for clinical testing,



it seemed appropriateto investigate the LD i soenzyne patterns
of this body fluid. A search of the literature reveal ed no
conpr ehensi ve study of LD isoenzymes in saliva of humans
depicting differences in healthy and di sease states. How
ever, after conpletion of this research project, | becane
aware of a single report in the literature describing the
measur enent of saliva LD patterns.7 Thi s study by Kubicz,

et al. did not deal wth any clinical significance of LD in
saliva. The study and conclusions wll be summarized and

conpared with this research | ater.

Salivary d ands

The salivary glands are a group of glands |ocated in
the oral cavity and together they produce "whol e or m xed
salivary fluid. The major salivary glands are paired in
nature. They are the parotid, submandi bul ar, and the sub-
| i ngual .

The largest of the salivary glands is the parotid.

The paired gl ands are |ocated in the upper near posterior
position on either side of the oral cavity. These i[regularly
shaped gl ands |lie beneath the skin and secrete saliva-through
the "Stensen's ducts.”

The second pair of major salivary glands is the
submandi bul ar gl ands. These gl ands are | ocated at the bottom
of the oral cavity. These glands secrete through the "ducts
of Wiarton." The submandi bul ar gl ands are the second | ar gest

of the salivary gl ands.



The third | argest of the salivary glands are the
sublingual. They are located in the floor of the ora
cavity and they secrete saliva via the "ducts of Bartholin."

The ot her salivary glands are considered mnor in
their contribution to whole saliva. Their |ocation beneath
the epitheliumis not characterized by any one position, but

are located in nost parts of the oral cavity. 2’ 9

Sal i va

The rol es of salivary fluid are also conplex in
nature. They can be summari zed under six headings. Firstly,
saliva acts as an anti mcrobial agent in the oral cavity.
This action is carried out by lysozyme and Igd. The |ysozyne
has the ability to break down the bacterial cell walls of
m croorgani snms not normally found in the oral cavity. This
mur am dase enzyne (|l ysozyne) breaks down the cell walls of
bacteria that have muramc acid. The IgA is an innunoglopplin
(part of the conpl ex auto-i mune systemof the body) that
counteracts the action of m croorgani sns by being an anti body
to these antigens. |t reacts with the bacteria by formng
conpl exes, thus rendering the bacteria harm ess. )

Secondly, saliva serves to lubricate the oral cavity
whi ch facilitates speaking and swal | owi ng. The saliva al so
provi des a protective substance for the nucous nenbranes in
the oral cavity.

Third, there is a cleansing rol e that saliva serves.
It mechanically renoves debris such as food, bacteria, and

celluar material fromthe oral cavity.



Fourth, saliva acts as a buffering agent by neans of
its contents of bicarbonate, phosphate, and anphoteric
pr ot ei ns.

Fifth, saliva functions in the maintenance of the
teeth. It provides mnerals to help maintain the integrity
of the teeth and postruptive maturation. Calcium and phos-
phate fromsaliva help to neutralize plague and thus prevent
tooth decay. Saliva also forns a filmover the teeth which
hel ps protect them from abrasion.

Lastly, saliva has a function in the digestion of
food. The saliva contains the enzynme anyl ase which acts on
starches. Al so saliva serves to lubricate the food to nake
its nmovenent easier during smallomjng.S’ 9. 10

I n any study of salivary constituents, the flowrate
and ot her factors discussed bel ow nust be taken into account
in any interpretation of the data obtained.

It has been shown that the concentration of sonme
constituents in salivais affected by the flowrate. This
flowrate is not under the influence of the parasynpathetic
nervous system The unstinulated flow rate of whole saliva
is approximately 0.008 mL-1.85 mL/minute for healtﬁy i ndi v-
iduals. This unstinmulated flowrate varies during the day.
The rate during sleep is practically zero. There are al so
seasonal variations and differences due to posture, with
the fastest rate in the standi ng position.

The conposition is also affected when the salivary

glands are stinulated. Wth respect to the gustatory



stimulation of the taste buds, the flowrate is seen to
increase with increasein the intensity of the stinulation.
However, the increase in flowrate reaches a maxi nrum val ue
and no further increase in the stimulus will produce any
further increase in the flowrate of saliva. This nmaxi nrum
value i s characteristic for each individual. The strongest
and nost effective gustatory stinmulation is caused by acids
such as citric acid. Stinulation can also be acconpli shed
by chewing on inert materials (e.g. parafilm. This nmechan-
ical stinulationis less effective than the gustatory stim
ul ati on.

Q her factors causing variations in flowrate and
concentration of salivary constituents are: the age of
i ndi vidual s (Il esser flowrate with age), sex (this is pos-
Ssibly due to the size of the gl ands thensel ves), drugs (sone
drugs suppress flowrates and sone stinulate by influence of
reflex action and the central nervous systen), source of
saliva (the anmount of a specific constituent nmay vary due
to the salivary gland producing it, e.g., blood group anti gens
are found in nmuch higher concentrations in the |ip nucous
gl and secretions than i n the submandi bul ar saliva)fndiet
(due to areflex effect on salivary flowrate), and plasm
| evel s (the concentration of constituents in the plasnma has
sone effect on the concentration in the saliva, although the
rati o between the two fluids remains the sane).4’ 8, 9, 10

Therapeutic drug nonitoring i s anot her area of

intense interest in the study of saliva for a nunber of



reasons. First, salivary testing can be carried out w thout
I nvasi ve col | ection techni ques such as used in the study of
pl asma (veni puncture). Also, it seens that in sonme instances
t he concentration of the therapeutic drugs in saliva, after
stimulation, isrelated to the concentrationin plasma. A
good revi ew of recent devel opnents i s given by M Danhof and
D D Breinmer inthe article "Therapeutic Drug Monitoring in
Saliva. " They point to studies which indicate that the
concentrations of sone drugs in saliva are the sane as the
prot ei n unbound concentrationin plasma. The plasma "total"”
concentration represents both the bound and unbound drugs.
Sorre clini ci ans enphasi ze the i nportance of unbound | evel s
as bei ng the physiol ogi cal active conponents. The drugs nmay
enter the saliva by a passive diffusion process or are
actively transported into the saliva.

Danhof and Brei ner enphasi ze t he advant ages i n havi ng
a stimul ated saliva sanple for the study of drug constituents,
for exanpl e:

1. One can obtain | arge vol unmes much nore easily.
2 It helps to maintain the narrow band of pH of
approximately 7 (inportant in the measurement of
weak acidic and basic drug conpounds).

3. There is less variability between the saliva of
subj ect s.

A di sadvantage of stinmulating with sone material s that

subj ects chew, such as parafilm is that there can be

absor ption of sone drugs onto the parafilm This absorption
wi Il then cause erroneously lowresults when the sanple is

anal yzed.



Danhof and Breinmer state that a nost essential pre-
requi site to have the saliva "therapeutic drug nonitoring"
be significant, is the establishnent of a correlation
bet ween drug concentrations in plasma and saliva over a w de
concentration range. To showthis correlation, they reported
the established SSP ratios (saliva to plasnma) of a w de range
of drugs, including theophylline, I'ithium phenobarbitol,
phenyt oi n, prim done, ethosuxi m de, carbamazepi ne, digoxin,
and procai nam de.

They concl uded that there seens to be a better cor-
rel ati on between saliva concentrations and t he pharnacol ogi ca
effect of the drugs than for plasnma and pharnacol ogi cal res-

ponse.

Pur pose of This I nvestigation

The goal of this research project was to determ ne
the total activity and distribution of LD isoenzynes in whole
saliva and in parotid fluid and to conpare these with serum
values. A further goal was to attenpt to establish "normal"”
ranges for "heal thy" individuals as well as to exp[ore any
possi bl e rel ati onshi p between the salivary LD i soenzynes

val ues with specific di sease states.



CHAPTER 2

METHODS, MATERI ALS, AND EQUI PMVENT

M xed (Whole) Saliva

Patients were first given parafilm® to chew for three
to five mnutes. Then the patients were instructed to col -
| ect the "whole" salivain clean plastic containers. The
appear ance of the sanpl es before centrifugati on was cl oudy
and generally a |light greyish color
The m xed (whol e) saliva contains contributions from .
all salivary glands (parotid, submaxillary, sublingual, and
m nor gl and secretions), shed manmal i an and bacterial cells,
| eukocytes, and other particulate matter found in the oral
cavity. The m xed saliva may al so contai n cantam nation from
mat eri al coughed up fromthe |lower respiratory tract, coughed-
up mnute flecks of material in the nouth, material com ng
fromthe nasopharynx, nasal cavity, and paranasal sinuses.
Even nmaterial regurgitated may contamnate the saliva with
gastric or esophageal contents. Additional contan{ﬁation
may occur by outside food, drink, inhaled tobacco snoke, and
chewi ng ot her rraterials.9
An anal ysis of the mxed saliva wi thout any prior
preparatory treatment of the sanples was originally attenpted.

Thi s produced a nunber of probl ens whi ch suggested t hat

pretreatnment by centrifugati on was necessary to renove any



particulate matter. The supernatant was then renoved from
t he sedi nent and anal yzed or the sanpl es were kept at room
tenperature overnight until testing. This tenperature was
chosen because cold tenperatures are known to affect |lactate
dehydr ogenase iscenzyme el ectrophoretic patterns. 1, 2

The probl ens associ ated with anal yzi ng saliva sanpl es
W t hout centrifugationwere: 1) inconsistent results of the
"total” LD enzymatic activity as anal yzed by spectrophotom-
etry (interference with Iinear kinetic rate absorbance chan-
ges at 340 nm by the particulate material), 2) production
of el ectrophoretic i soenzyne patterns that were very non-
uni formand of poor quality, 3) and i soenzyne patterns that
were inconsistent in fraction concentrations which were
unabl e to be scanned readily because of the heavy background

noi se.

Parotid Fluid

Sanpl es were al so collected fromthe parotid gl and
to conpare its patterns with that of mxed (whole) saliva.
Attenpts were first made to collect parotid saliva sanpl es
using a nodified Carlsen-Cittenden apparat us. Thfg col | ec-

®  The main advant age

tor was devel oped in 1916 by Lashley.s’
of the collector is that parotid fluid can be collected wth-
out the problemof contamnants fromthe oral cavity. The
col |l ector has a design of two concentric circles with neta
stens fromthe outside to holes inside the circles. The

Iinside circle is designed to fit over the parotid duct



opening (Stensen's duct). The other (outer) concentric
circle's stemis attached to a rubber bulb. The coll ector
is held in place with the fingers and the bulb is used to
expel the air fromthe outer circle and draws the area sur-
roundi ng the parotid opening into the outer circle. The
saliva or parotid fluidis then freeto flowinto the circle
and through the hole and out the netal steminto the collec-
ting tube. The di nmensions of the inner chanber are 10 mm
di aneter and the outer 20 mm dianeter. The collector has a
depth of 4 mm. | experienced two nmain di sadvantages with
the use of the collector. Sone patients had difficulty nain-
taining the collector tight without novenent if they were
sucki ng or chewi ng on a substance to stimulate saliva flow
Secondly, too much air-suction can be applied so that the
buccal nucosa i s sucked into the inner circle and occl udes
t he openi ng.

In a tel ephone conversationwith Dr. Irwn D Mandel
(of the School of Dental and Oral Surgery and Departnent of
M cr obi ol ogy, Col | ege of Physicians and Surgeons, Col unbi a

Uni versity, New York), he suggested the foll ow ng hel pful

hints in using the parotid collector:

1. Make sure the inner chanber is not occluded by the
duct opening or the area around the openi ng.

2 Alight can be used to help |ocate the parotid duct
openi ng.

3. CGtric acid can be put on the tongue and one can see
the place where the fluid conmes out.

4, (One suction wth a rubber bulb should hold the
apparatus in place approxi mately 10-15 m nut es.



5. The rate of collection unstinulated shoul d be about
.03 ml/minute and the stinulated rate about 0.5 m/

m nut e.

6. |If the apparatus fails, parotid fluid can be coll ected
by taking a gauze roll used by dentists and placing it
at the top of the oral cavity around the parotid duct
opening 5-10 mnutes. The gauze is then renoved and
the fluid squeezed out into a container

Wth the help of an oral surgeon (Dr. Paul Mirphy of
Youngstown, Chio) "pure" parotid fluid sanpl es were obtai ned
on two occasions by use of a sterile Rabinov Sial ography
Set. This catheter had a netal needl e at one end whi ch was
attached to an approxi mately one foot piece of plastic
tubing. At the other end of the plastic tubing it had a
| uer loc to which a syringe could be attached if desired.
The netal needl e was renoved fromthe canalization set
because it was directional and we wanted fluid fl owi ng out.
Firstly, he injected a snall anount of novocain to nunb the area
where the tubing was to be inserted. The catheter tubing
was inserted into the parotid duct and he applied two stit-
ches to hold the catheter in place. The |uer loc end of the
catheter was held in a test tube to catch the parotid fluid.

It took about one-half hour to collect 6 m. of fluid.

Parotid sanpl es were col |l ected on two occasi ons.

Bl ood Serum

Bl ood sanpl es were obtai ned fromthe sane patients
who provided saliva just before or right after the saliva
collections. The blood sanples were collected in sST®

tubes (a serumseparator tube) and allowed to clot at room



tenperature and then centrifuged to obtain the serum For
reasons nentioned above, the serum speci nens were stored at
roomtenperature until assayed. The serum speci nmens were
assayed for total enzyne activity and el ectrophoretic
patterns obtai ned by the sane nmethod as descri bed above for

sal i va sanpl es
Equi prnent

The total enzymatic activity in the serumand

sal i va was assayed by neans of the Gilford System 3500®,

which is a conmputer directed anal yzer. The cornerstone of
the System 3500 i s a reference spectrophot oneter providing
built-in electronic tenperature control at 30°C (tenperature
at which the total LD's were run). The systemhas a 56-
sanpl e transport whi ch contains 14 racks capabl e of hol di ng
t he sanpl e cups and reaction strips. The instrunment is
programed to performenzyme assays via nagnetic progran1qards
that direct the instrunent's conputer to gui de t he operator
t hrough t he procedure by printing guidelines for setup of
each enzyne assay. The bottle of reagent substrate for LD
determnations is placed on a tower which is capabfé of being
adjusted to the desired volune to be di spensed. The sanple
pi ckup vol une can al so be varied. The sanple size for LD
assays in this study was 50 mcroliters. The reagent vol une
was 0.7 m.

The total LD concentration activities were obtained

by using a LD substate reagent of pyruvate, tris buffer, NAD,



and L-lactate to which the sanples containing LD enzyne were
added. The spectrophotoneter on the Gilford 3500® fol | ows

t he absorbance changes as NAD i s reduced to NADH during the
reaction of L-lactatetopyruvate. The calculation presented

in Fundamental s of dinical chenistry! for the LD activity

in International Units at 30°C is as foll ows:

aa 1000 3.1 _ AR
mn < 622 X 0.1 — 4985 X m nut e

mU/ml =
where 3.1 =total volune in cuvet, in ml
0.1 = volunme of serumspecinen, in ml

6.22 = millimolar absorbtivity of NADH at 340 nm

(unit = ml x mmol™t x em™1)
1000 = converts mmol to umol
%éﬁ = aver age absorbance change (decrease) per mn

A sero-fuge® centrifuge fromd ay- Adans -0511 was .
used to obtain supernatant fromthe saliva sanples. It has
a fixed speed of 3400 rpm's. M xed (whol e) saliva sanpl es
were spun for five mnutes and the supernatant used in the
assay of "total" LD activity and the el ectrophoresi s separa-
tions.

Hel ena El ectrophoreti ¢ Equi pnent was used for the

el ectrophoresis portion of this research. The LD sanpl es
(both bl ood and saliva) were el ectrophoresed or separated
into their individual fractions (isoenzymes) on cell ul ose
acetate nedium The el ectrophoresis was for ten mnutes after
whi ch the plates were renoved fromthe el ectrophoretic cham

ber and sandw ched onto ot her cell ul ose acetate pl ates



contai ning | acti ¢ dehydrogenase enzyne substrate. The sand-
wi ched pl ates were then placed onto a 37°C heating bl ock

bet ween netal weights for twenty-five mnutes to devel op

t he separated i soenzyne patterns. At the end of the twenty-
five mnutes, the sandw ched pl ates were then separated and
allowed to dry.

A scanner and densitoneter from Hel ena Labor a-

tories@was used to scan the | act at e dehydrogenase separ at ed

fractions. The Quick Quant II® attached to the Auto Scanner

Flur-VIS® provi ded hi gh speed, automatic quantitation and
printout of data obtained by the densitoneter. Both the

percent age of the total and the concentration of the fraction

wer e conputed for the isoenzynes.



CHAPTER 3

RESULTS

Whol e Saliva and Bl ood Serum LD El ectr ophoresi s

In the case of blood serum the patterns from
"normal " individual s al ways showed the first three fractions
with the greatest concentration of the five. Only in cer-
tain disease states did this general pattern alter. Figure 1
Is an illustration of this "normal" | actate dehydrogenase
pattern.

The fractions fromleft to right are: LD, (HHHH-H,),
LD, (HHHM-H,M) , LD3(HHMM-H,M,), LD, (HMMM-HM;) , LDy (MMMM-M,).
The patterns were obtained on chart paper by scanning the LDH
fractions on the cellul ose acetate strips fromthe el ectro-
phoresis. A cathode application of the sanples was nade gnd
the LD fractions mgrated in the electric field toward the
anode according to their nobilities. The LD; was al ways
the fastest fraction followed by LD, to LDc. Fi gure 2 bel ow
shows (an artist's) drawi ng of the bands of LD isoenzymes
fractions as they appear to the eye on cel |l ul ose acetate
pl at es under fl uorescence.

When the m xed saliva sanples were run, the patterns
showed a very interesting conposition. Al the sanples
showed a "reversed" configuration fromthat of blood serum

that is, the LD; fraction was always the | owest concentration



Fig. 1. Normal Blood Serum LD Isoenzyme Pattern



Anode (+) LDl LD, LD3 LD4 LD5 Cat hode (-)

Fig. 2 Cellulose Acetate Separation
of LD Showi ng the Five Bands.
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of the five and LD, al ways the greatest concentration. This
progression i n concentration fromLD1 to LDg held true in
over 100 di fferent sanpl es anal yzed (see Figure 3).

The range of disease states included in this study

is shown in Table 4

TABLE 4
SUWARY OF TYPES OF | NDI VI DUALS USED I N SALI VARY STUDY

Myocardi al infarction Col on nass
Rul e out nyocardi al Coronary insufficiency
I nfarction CA netastasis of |ung
Aut onobi | e acci dent Skul | concussi on
Gal | bl adder di sease Col | agen' s di sease
Hepatitis Henol ytic anem a
Her ni a and esophagus Grrhosis of liver
I nfection Hypert ensi on
Congestion heart failure Ri ght paroti dect ony
Enphysema Cystic fibrosis
D abet es “Normal " popul ati on

The nornmal sanples in this research cane froma | arge nunber
of "apparently heal thy" individuals characterized by not
bei ng hospitalized or aware of any illness at the tine of
sanpl e collections. The ages of the subjects was fromfive
years to eighty-three years. The saliva and bl ood Sanpl es

(collected as previously described) were anal yzed for the total

| act at e dehydr ogenase enzynmatic activity. The results of the

anal ysis are given in Table 5.

Conpari son Between Saliva and Bl ood Results

A conpari son between the total | actate dehydrogenase

enzyne activities of the blood and saliva fromthe sane



Fig. 3. General Mxed Saliva Pattern
Produced by El ectrophoresis Showi ng the Peak
Hei ght Rel ati onshi ps.



TABLE 5
TOTAL LD ACTIMI TY OF SALI VA AND BLOOD I N (mU/ml)

Colum 1 Col um 2 Col um 3
Sal i va Bl ood Saliva Bl ood Sal i va Bl ood
81 178 297 878 512 269
96 262 276 146 515 137
65 111 285 500 619 380
84 145 274 344 612 500
134 365 295 337 681 858
152 150 271 142 612 271
186 149 249 125 870 185
173 152 228 150 846 254
180 449 269 150 947 165
134 312 210 107 999 335
185 185 261 132 1020 272
153 124 353 172 1150 -
158 105 315 188 1789 177
102 137 332 130 1378 144
172 111 371 188 1630 211
210 144 441 165 173 _
272 314 416 445 97 L
262 177 455 152 138 _

subj ects showed no apparent correlation. The occasi onal
el evation of blood serumlevels could, in nmany cases, be
traced to a known di sease process, but the variations in con-
centrations of the total LDH in salivary sanples could be a
function of the rate of secretion, the differences {n i ndi v-
idual stinmulation of salivation, and the variations of
i ndi vidual s' salivary glands to formand produce saliva,
rat her than the function of sonme associ ated di sease.

Since the total enzymatic concentration of LD in
saliva revealed little that was concl usive, the next step

was to reviewthe relative proportion of the individual
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i soenzyne fractions as percentages of the total activity.
Tabl e 5 shows the results for 11 "heal t hy" individual s and
40 peopl e who were known to be suffering froma specific
health problem A though the total activities varied from
81 to 1750 mu/ml, the percentages of the five fractions

al ways adds up to 100% Any possible rel ationshi p between
t he vari ous di sease states with a change in one or nore of

t he i soenzyne fractions' percentages was investi gat ed.
Figures 4 through 8 are hi stograns show ng the distribution
of each LD fraction in the sanpl es studi ed.

The LD fraction 1 for saliva forned a uni form

hi stogramtypi cal of a "gaussian" distribution. There was
one outlying value with this study group. This "outlier”
corresponded to a hospitalized patient having nyocardi al
infarct rul ed out as a diagnosis. The nedi an percent age
concentration of Lb fraction 1 was between 4-5%(Figure 4).

LD fraction 2 showed a sim |l ar graphic as that of _

fraction 1. It showed a senbl ance of a gaussi an distri bu-
tion. There were two "outliers" within this fraction. The
di agnoses of these outliers were "chest pain" and "thronbus
arthistis." The nedi an percentage concentration of LD
fraction 2 fell between 7 and 8% (Fi gure 5).

The third fraction had a wi de concentrati on spread
from8%to 26% The nedi an percentage concentration of LD
fraction 3 was 15.5% There was one outlier of 6.3% The_

di agnosis for this outlier was chest pain.
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The fourth saliva LD fraction al so took the shape of
a gaussian distribution. The nedian percentage of LD, was
28% There were no significant outliers with this fraction
The distribution spread from21%to 36%

The distribution for fraction five was | ess uni form

than the other four fractions. The nedi an percent age con-
centration was 46% There were gaps between the col ums of
frequencies. This fraction was characterized by two clusters
of outliers. They were about equal distance on each side of
the main distribution. The individual subjects who made up
these clusters did not appear to have any particular rel ation-
ship to each other by diagnosis. The diagnoses of the clus-
ter onthe left were: cystic fibrosis, CA netastasis of |ung,
di abetes, and rule out ischemc attack and dehydrati on.

The di agnoses of the cluster on the right were: cellulitis

| ower extremty, drug i nduced henol ytic anem a, di abetes,

and apparently normal. The one significant outlier with the

fifth fraction was "chest pain."

Rel ati onshi p Between LD Fractions of Saliva and Serum

As nmentioned previously, it quickly becane épparent
in this study that any direct conparison of the total
enzymatic activity concentrations of the subjects’ serum and
saliva had little significance. In order to conpare the
per cent ages of the individual fractions of saliva with those
of serum ratios were calculated for each fraction. The

results are summarized in Table 6 and Figures 9 through 13.



TABLE 6

THE LI STI NG G SUBJECTS WTH DEMOGRAPH C | NFCRVATI ON,

DAGNCSlI S, WTH TOTAL ENZYME ACTIMVI TI ES | N
mU/ml AND LD FRACTI ONS | N PERCENTACGES

Subject Sex Age D agnosi s Sanple Total LD, LD, LD, 5
1(a). M 60 ROMI® Saliva 8.0 54 6.0 10.5 27.6 50.5
Serum 178.0 27.2 33.4 20. 2 9.0 10.1

Rati o 0.5 0.2 0.2 0.5 31 50

(b). Saliva 441.0 2.6 59 14.0 3.0 47.5
Serum 165.0 26.6 57.2 19.7 8.6 7.9

Rati o 2.7 01 0.1 0.7 3.5 6.0

2 M 19 Auto Saliva 947.0 2.1 7.3 18.7 32.9 39.0
Acci dent Serum 165.0 25.2 31.4 19.3 10.9 13.1

Ratio 57 0.1 0.2 1.0 3.0 3.0

3. F 50 @l | bl adder Sal i va 1020. 0 5.0 10.0 18.6 30.8 35.6
Serum 272.0 10.3 12. 1 21.2 311 25.3

Rati o 3.8 0.5. 0.8 0.9 1.0 1.4

4. M 50 Poss. Saliva 619.0 3.4 11. 3 21.1 27.9 36. 4
Hepatitis Serum 380.0 17.1 22.7 14. 3 10.7 35.2

Ratio 16 0.2 0.5 1.5 2.6 1.0

AR OM = Rile out nyocardi al infarct



TABLE 6 cont.

Subj ect Sex Age D agnosi s Sanpl e Tot al LDy LD, LD LD, LDg
5. F 69 Hernia Saliva 353.0 4.6 9.9 20.1 31.3 34.2
Serun1 172.0 l6.6 14.8 16.4 16.0 36.2
Rati o 2.1 0.3 0.7 1.2 2.0 0.9
6. E 16 Hepatitis Sal i va 612.0 3.1 7.6 15.9 34.1 39.4
Serum 500.0 18.3 21.5 14.5 11.2 34.5
Rati o 1.2 0.2 0.4 1.1 3.0 1.1
7. M 48 MI Sal i va 210.0 7.4 9.7 15.4 27.0 40.6
Serum -- - - -- -- --
Rati o - - - -— -- --
8. M 59 - Congesti ve Saliva 272.0 5.1 3.9 11.5 29.7 49.7
heart Serum 314.0 23.4 27.4 18.1 9.9 21.3
-Emphysia Rati o 0.9 0.2 0.1 0.6 3.0 2.3

- D abet es
0. M 87 -Mass of sigmo Saliva 262.0 5.6 8.4 17.1 27.5 41.4
col on. ~ Serum  177.0 30.2 32.9 21.3 9.4 6.1
- Abdom nal pain Ratio 1.5 0.2 0.3 0.8 2.9 6.8
10. F 60 Coronary Saliva 297.0 6.8 8.3 14.4 25.0 45.5
ingufficiency Serum 878.0 42.8 36.5 13.6 4.5 2.7
Ratio .3 .3 .2 1.1 5.6 16.9




TABLE 6 cont.

Subject Sex Age D agnosi s Sanple Total LD

1
11. F 65 CA(lung) Saliva 1000.0 6.3 .0
Serum  335.0 17.5 .5
Rati o 3.0 0.4 .4
12. M 48 Collulitis Sal i va 134.0 2.9 .1 .6
| oner extrem Serum 365.0 30.4 -4 .6
ity Rati o 0.4 0.1 .2 .6
13. M 19 Skul | Sal i va 416.0 5.8 .3 .6 26.1 1
CONCuUsSSi on Serum 445.0 21.7 .4 .5 16.0 .4
Rati o 0.9 0.3 .4 .7 1.6 .6
14. F - Chest pain Saliva 276.0 1.2 .2 .5 3.0 .1
Serum 146.0 27.8 .6 .5 0.0 .1
Rati o 1.9 0.1 .1 3 2.3 6
15. F Thr onbus Saliva 512.0 1.7 .1
Arthritis Serum 16.4 25.9 .0
Rati o
16. F - Congesti ve Saliva 285.0 4.5 .5
heart failure Serum 500.0 19.4 .9
| Rat 1 0 0.6 0.1 .3




TABLE 6 cont.

Subj ect Sex Age D agnosi s Sampl e Tot al LD, LD, LD, LD, LD5
17(a) « F 25 Collagen's Saliva 315.0 2.9 6.4 14.7 27.6 48.3
Serum 188.0 27.0 38.1 21.5 7.6 5.8

Ratio 1.7 0.1 0.2 0.7 3.6 8.3

17 (b), F 25 Collagen's Sal i va 152.0 6.8 4.2 9.2  24.2 55.7
Ser um 150.0 29.9 35.9 18.1 8.2 7.9

Rati o 1.0 0.2 0.1 0.5 3.0 7.1

18. M 49 Drug i nduced Saliva 274.0 3.7 3.5 9.4 23.5 59.9
henol ytic Serum 344.0 35.4 30.7 15.5 8.0 10.3

anem a Ratio 0.8 0.1 0.1 0.6 2.9 5.8

19(a). M 71 ROM Saliva 332.0 7.0 12.3 18.0 24.3 38.4
Serum 130.0 24,0 29.5 18.3 11.3 16.5

Rati o 2.6 0.3 0.4 1.0 .1 2.3

19 (b). M 71 ROM Sal i va 186.0 10.5 13.2 17.3 23.6 35.4
Serum 149.0 27.4 34.1 19.7 10.4 8.3

Ratio 1.3 0.4 0.4 0.9 2.3 4.3

20. F 42 D abet es Sal i va 173.0 4.1 4.1 9.2 21.6 61.0
Serum 152.0 26.8 33.0 20.3 7.7 12.3

Ratio 1.1 0.2 0.1 0.5 2.8 5.0




TABLE 6 cont.

Subj ect Age D agnosi s Sanpl e Tot al LD, LD, LD, LD, LD,
21. 83 @&l | bl adder Saliva 1789.0 2,2 10.3 23.1 27.9 36.4
Serum 177.0 26.1 33.7 19.8 9.6 10.7

Rati o 10.1 0.1 0.3 1.2 2.9 3.4

22. 31 D abetic Sal i va 1378.0 7.2 14.9 22,1 26.0 29.8
Serum 144.0 27.6 30.1 16.0 10.4 16.0

Rati o 0.3 0.5 1.4 2.5 1.9

23. -- Chest pain Saliva 870.0 2.1 6.7 13.7 32,0 45.5
Serum 185.0 21.8 31.8 23.1 11.1 12.3

Rati o 4.7 0.1 0.2 0.6 2.9 3.7

24, -- Ascites Saliva 295.0 8.4 7.2 15.2 28.2 41.0
Serum 337.0 22.3 39.3 21.7 7.6 9.1

Ratio 0.9 0.4 0.2 0.7 3.7 4.5

25, -- Hypertension Saliva 846.0 4.9 9.4 16.3 26.8 42.6
D abet es Serum 254.0 26.0 31.9 23.8 9.5 8.8

Heart di sease Ratio 3.3 0.2 0.3 0.7 2.8 4.8

26(a). 56 R ght Sal i va 271.0 6.0 8.7 16.3 25.9 43.2
Par ot i dect ony Serum 142.0 25.4 35.5 22.4 9.6 7.2

(Before) Rati o 2.0 0.2 0.3 0.7 2.7 6.0




TABLE 6 cont.

Subj ect Age D agnosis Sanpl e Tot al LD, LD, LD, LD, LDg
26 (b) . 56 Right Sal i va 330.0 3.0 10.8 20.0 26.8 39.4
Par ot i dect ony Serum 142.0 5.4 35.5 22.4 9.6 7.2

(After) Ratio 0.8 0.1 0.3 0.9 2.8 5.4

217. 25 Hypothyroid- Saliva 65.0 3.0 7.5 15.0 28.0 46.0
i sm Serum 111.0 3.6 30.6 21.9 12.5 11.5

Ratio 0.6 0.1 0.2 0.5 1.4 2.6

28. 16 Hepatitis Sal i va 612.0 3.1 7.6 15.9 34.1 39.4
Serum 271.0 4.4 23.5 15.0 9.0 27.5

Ratio 2.3 0.1 0.3 1.1 3.6 1.4

29. 79 ROM Saliva 1630.0 2.9 13.0 24.5 30.7 28.8
Poss. CVA Serum 211.0 4.1 33.3 17.6 7.4 7.6

Ratio 7.7 0.9 0.4 1.4 4.2 3.8

30. 63 G rrhosis Saliva 180.0 1.5 3.3 15.3 29.2 50.6
Serum 449.0 2.5 35.7 19.2 6.3 11.2

Rati o 0.4 0.1 0.1 0.8 4,6 4.5

31. 50 Pul nonary Sal i va 371.0 2.0 10.7 19.9 31.0 36.4
Enphysenma Serum 188.0 5.7 35.2 21.7 8.5 8.9

! Ratio 2.0 0.1 0.0 0.9 3.6 4.1




TABLE 6 cont.
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Fraction one did forma tight histogramsimlar to

a gaussian distributionwith only one outlier. This out-
lier was only marginally renoved fromthe main distribution
The diagnosis for this outlier was "possi bl e gal | bl adder

di sease.” The nedian frequency ratio was .175. The saliva/

serumratios for fraction two were nore spread out al ong

the graph varying fromless than 0.1 to over 0.9 as opposed

to fraction one which ranged fromless than 0.1 to only 0.5.

The nedi an rati o val ue was .25.
The third fraction also forned a narrow di stri bution
with values from0.30 to 15. The nedi an val ue was 0. 7.

Fraction four was very uniformin its distribution

only the ratio axis. The ratios ranged from1.0 to 4.52,
with a nedian value of 2.8. These were two significant
outliers of 5.56 and 11.9. The 5.56 outlier was a fenal e
subject in her 60's with a diagnosis of "coronary insuf-
ficiency." The 11.9 ratio value was a subj ect di agnosed
with thronbus arthritis.

The fifth fraction had a range of ratios from1 to

8, with a nedian value of 4.9. There were two significant
outlying values for this fraction. The ratios of 17.0 and
the 23.6 were both fromthe sane subject. The diagnosis was
coronary insufficiency.

Rati os between the total LD concentration of saliva
and serumare listed in Table 5. There is apparently little

correlation of these totals to each ot her.



The aut hor, as a control subject, provided a total
of ei ghteen sanpl es representing norning and | ate eveni ng
sanpl es. The norni ng sanpl es were col |l ected at approxi nately
7 AM and the evening sanples at 10 PM I n addition,
sanpl es were coll ected both before and after stinmulation as
descri bed earlier.

Sone observations can be nmade concerning the control
results: 1) The norni ng sanpl es were consi stently nmuch
hi gher in total LD enzymatic activity than the eveni ng sanpl es.
This was true for stimulated and unstimul ated sanpl es. How
ever, there was no correl ati on between t he i soenzyne di s-
tribution and the tine of day when the sanpl e was taken
2) Stinmulation had a profound effect on the total LD activ-
Ity, and a | ess conspicious effect on the distribution of
the i soenzynmes. Total activity was consistently nuch hi gher
in the unstimnmul ated sanple. These results suggest that
little significance can be attached to total LD activity in
saliva. The isoenzyne distribution patterns were generally
very simlar for both type of sanples, although LD, was
usual Il y hi gher, and LD, - LD, | oner, in the stinulated sanpl es.
Tabl e 7 shows the results of the stinmulated and unséimulated
dat a.

A statistical analysis of each of the isoenzyne
fractions for the conposite of subjects (55 sanples) and for
9 control subject sanples are conpared i n Tabl e 8.

The coefficients of variations for the stinulated

and unstinul ated control subjects were considerably | oner



TABLE 7

RESULTS OF CONTROL SUBJECT'S AM AND P.M SALI VA SAMPLES
BEFORE AND AFTER STI MULATI ON I N mU/mL FOR TOTAL
LD AND THE LD FRACTI ONS | N PERCENTAGES

Before Stinmul ation After Stinulation
Ti me Tot al LD, LD, LD, LD, LD Tot al LD, LD, LD, LD, LD,
PM 177 6.8 10.5 15.0 26.2 41.5 47 3.3 6.2 10.5 23.7 656.2
AM 762 8.0 12.8 16.9 26.8 35.4 173 2.5 5.9 11.0 24.0 56.6
PM 471 6.1 10.4 15.3 29.7 38.5 97 4.9 7.2 13.9 22.5 51.5
AM 796 3.4 9.3 17.5 26.4 43.3 138 4.9 7.3 10.9 23.1 53.7
PM 135 2.9 10.4 15.8 25.0 45.9 70 2.7 7.6 13.5 26.2 52,0
AM 886 2.7 10.6 18.3 31.3 37.0 le7 2.6 6.2 14.9 28.9 48.4
AM 920 4.4 12.5 19.2 29.2 34.6 203 4.3 8.1 14.0 24.5 49.0
PM 291 5.4 10.9 16.9 26.4 40.3 170 4.0 8.3 14.2 25.2 49.3
AM 821 6.6 9.6 16.2 26.0 41.7 240 4.5 8.3 12.3 28.9 48.0




TABLE 8

STATI STI CAL DATA FROM COWPCSI TE OF SUBJECTS
COMPARED W TH THAT OF CONTRCOL SUBJECT

(55 Sanpl es) (9 Sanpl es)
Conposite Control Before Stinulation
Lp, Lb, Lby; LD, LDg LD, LD, LD LD, LDg
Mean 4.3 7.9 15.1 27.4 44.5 50 10.8 16.9 27.4 39.8
St andar d
devi ati on 2.1 2.8 3.9 4.8 8.4 2.1 1.2 1.5 2.1 3.7
Coefficient-
9.4

of-variation (%) 50.0 359 260 17.3 18.9 41.2 10.9 9.2 7.6

(9 Samples)
Control After Stimulation
LD, LD, LD, LD4 LDg

Mean 3.7 7.2 12.9 25.2 51.6
St andard

devi ati on 1.0 0.9 1.6 2.4 3.2
Coeffici ent -

of -variation (%) 26.3 13.0 12.0 9.3 6.1




than the conposite group for each fraction. The coefficient-
of -vari ati on between the stinulated and unstinul ated contr ol
subj ect showed variances fromfraction to fraction. The LDy
and LDy had considerably lower C.V.'s for the stinulated.
However, for LD,, LDy, LD,, the c.v.'s were noderately | ower

for the unsti nmul at ed.

Parotid Fluid

The sanpl es of parotid fluid were anal yzed t he sane
as the previous saliva sanples. They were assayed for total
LD enzymatic activity and then el ectrophoresed on cel |l ul ose
acetate to study their isoenyznme patterns. An inportant
di fference was observed between the results of the m xed,
whol e saliva patterns and that of the parotid sanples. Unlike
t he whol e saliva sanples, the parotid did not showthe "re-
versed" pattern observed wth all whol e saliva sanpl es, but
showed an el ectrophoretic pattern simlar to bl ood serum
sanples. The illustration (Figurel4) denonstrates the pat-
terns obtained from parotid fluid.

Anot her difference was observed between the parotid
fluid and the whole saliva sanples. This difference was with
respect to the total enzymatic activity. The parotid fluid
sanpl e contai ned considerably less LD total activity than
nost whol e saliva sanples. The parotid sanples' concentra-
tions fromcanalization were 12 and 35 mU/mL respectively.

The standardi zed coll ections on the control for whol e saliva



Fig. 14. Electrophoretic Pattern of
Parotid Fluid Obtained by Canalization.

50



sanpl es were assayed in order to have a reliable conparison
of total LD concentrations with parotid totals. Total LD's
were run on whol e saliva sanpl es collected w thout stimla-
tion and after stimulation. The results are listed in

Table 9. As nentioned above, the stinulation of saliva

fl ow changed the concentration of the total LD enzyne
activity. The concentrations were al ways hi gher before
stimulation (from 2 to 10 tines higher). The total concen-
trations of parotid fluid were, in nost cases, considerably

| ower than either the stimulated or unstinul ated whol e saliva

sanpl es.

TABLE 9
TOTAL LD GONCENTRATI ON COVPARI SON ON ONE SUBJECT

Bef or e After Parotid Sanpl es
Stimulation Stimul ation (Stimulation)
85 65 12 (canali zati on)
228 27 35 (canal i zati on)
151 68 10
131 50 10
216 70 5
113 96 12
158 65 10 i
224 97 }

203 70




CHAPTER 4
DI SQUSSI ON AND CONCLUSI ONS

The only report found in the chemcal literature
attenpti ng neasurenents of LD in human saliva is the paper
by Kubicz, et al., "Lactate Dehydrogenase | soenzynes i n Three

7 In the study, the authors used

Types of Human Saliva.”
di sc el ectrophoresis to separate LD i soenzynmes of hunan
saliva. The investigations were done on m xed saliva and

on saliva fromthe submandi bul ar- subl i ngual gl ands and par -
otid glands. Twelve persons ranging from19 to 26 years and
apparently heal thy were used.

Al bum n was neasured on the saliva sanples using a
m croneter. The sanpl es were separated using disc el ectro-
phoresis, at pH 9.4, 5.5% polyacrylamde gel, and at 4°cC.
tenperature. Depending on the concentration of albumn in
t he saliva, they added saccharose to the sanples to achi eve
a final 20%concentrati on.

After the el ectrophoresis, they detected the presence
of isoenzynes with the aid of specific dyes. The gels were
then incubated in the dye-bath from15 to 60 m nutes, in
dar kness.

In their discussion, Kubicz, et al. stated they did
not assay the saliva sanples for total LD, but depended upon

the al bumn concentration to regul ate the quantity of matter



under goi ng el ectrophoresis. They added 15 ng of albumnto
the discs in order to produce a clear isogram

They indicated that LD,, LD,, and LD, prevailed in
m xed saliva, and in saliva fromthe submandi bul ar - subl i ngua
gl ands and parotid glands. The differences between different
types of saliva were observed mainly with respect to LDg,
whi ch was not found in the saliva fromthe submandibular-
subl ingual glands while it was evident in the remnaining types
of saliva. They state that their investigations denonstrated
that a part of LD activity in mxed saliva is of endogenous
origin.

The results reported by Kubicz, et al. were not in
agreenent wwth the results of this investigation. They stated

that the hybrid isoenzymes LD,, LD5, and LD, predoninated in

2I
all types of saliva. | found the isoenzyne LD to be pre-
dom nate for m xed saliva sanples in over 50 subjects. They
al so stated that the parotid saliva has a predeterm ned pre-
dom nance to type M isoenzyne (this refers to the LDy iso-
enzyne). | found the parotid sanples to have patterns simlar

to bl ood serumsanples, i.e., LD not being the predom nant

type.

The difference in results between the two studies
may be attributed in part to the experinmental nethods used.
The exact techni que Kubicz and coworkers used to obtain the
sanples fromthe oral cavity is not explained, although the
article did nention that there were paddings and steril e

conpresses used to segregate the salivary glands. The exact
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techni que for collection for this study was delineated
earlier. Kubicz, et al. also indicated that in order to
denonstrate the presence of LD isoenzynes in sone sanpl es,
they had to concentrate the volunes to 0.1 to 0.2 ml hy
evaporation. They also introduced other variables in the
sanpl e by addi ng al bum n to enhance the reaction, saccharin
to conpress al bumn, and prolonging the tinme of reaction
of the enzymatic devel opnent gel for several hours in sone
cases. The el ectrophoretic method was a di sc gel technique.

Conversely, | did not have to concentrate any sanpl es
before carrying out the analysis. A so | did not add any
reagents to the sanples for pre-treatnent purposes. The
actual el ectrophoresis was carried out on cellul ose acetate in
this study. The volunes | obtained fromsubjects were
adequate each tinme so that the only pre-treatnent was cen-
trifugation to renove any particulate matter. This al so
applies to the parotid sanpl es which Kubicz, et al. indicated
they had difficulty obtaining enough sanpl e fromone person
to carry out analyses. |In fact, they nentioned they had to
i ncrease the separation process by adding 500 ng of al bum n
to denonstrate LD activity. They did not actually anal yze
their sanples for total LD activity. |In the present study
t here was not any question concerning LD activity since all
sanpl es were first anal yzed for total enzymatic activity
bef ore el ect rophoresi s.

In further conparison of this research with the

Pol i sh study, the foll owi hg comments may be made.



Kubicz, et al. did not try to relate their study with
any clinical significance. They stated that their 12 sub-
jects were all apparently healthy between the ages of 19 to
26 years in age. Their study enphasized the effort to iden-
tify the types of LD isoenzynes in three kinds of saliva
(m xed saliva, saliva from submandi bul ar gl ands and under-

t he-tongue gl ands, and saliva fromparotid gl ands).

In this study the author used over fifty subjects
ranging in age from16 to 87 years. The enphasis was not on
provi ng whet her or not the five LD isoenzymes exi st in saliva,
but to objectively report the findings of saliva isograns
along with the patterns of bl ood sanpl es on these sanme sub-
jects and to ascertain whether or not a statistical analysis
of the data would reveal a trend or be related to sone
clinical significance. To make this neaningful, both
apparently healthy subjects and subjects with a di agnosed
di sease wer e used.

In addition, the Polish paper did not include any
information that indicated they perforned any parallel test-
ing of their subjects' blood i soenzyne patterns. I-n fact,
no quantitative data were report ed.

The | ast observation in conparing the two studies
is that of the effect stinulation nay have on the LD
i soenzyne concentrations or patterns. Kubicz's group did
not nention this effect, but it was an aspect taken into

consideration in this study.
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Sunmmary of Concl usi ons

1. The results of over one hundred whol e saliva
el ectrophoretic patterns fromover 70 subjects (53 reported
in Tabl e 6) showed that there is a progressive pattern of the
LD i soenzynmes wi th the LD, fraction having the | owest con-
centration and the next four fractions increasing in concen-
tration respectively. This general pattern is different than
t hat of bl ood serum

2 There is no apparent distinguishable difference
in any of the whole or mxed saliva LD patterns attri butable
to a specific disease state. The occasional outlier could
not serve as proof of any concl usive departure fromthe ot her
patterns.

3. There is a marked difference between the total
enzymatic activity of whole saliva and that of parotid
fluid. The parotid sanples are considerably lower in activ-
Ity than the whol e saliva sanpl es.

4., Parotid fluid has an LD el ectrophoretic pattern
entirely different than that of whole saliva. Wile whole
sal i va electrophoretic patterns al ways show a concentrati on
to LD

progressi on from LD the parotid fluid patterns are

1
simlar to blood serum

5’

5. There is a strong dependence of total LD
enzymatic activity on the stimulation of saliva flow The
sanpl es collected after stinulation are al ways consi derably

| ower in activity than before stimulation.



6. The results of the control subject and the com
posite group conpari sons showed that there are real variations
in isoenzyme di stribution between different individuals,
greater than the normal diurnal variation to be expected for
one person.

Fromthe c.v.'s obtained fromthe above conpari sons,
It seens feasible that sone expected val ues can be established
for an individual subject.

7. The ratios obtained for saliva/serum did not show
any apparent clinical significance.

8 The simlarity between the i sograns of parotid
saliva and bl ood serum strongly suggest that an equilibrium

exi sts between the enzynes in these two fluids.
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