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S U M M A R Y

Some new methods and som e established ones have been applied  

to studies o f  salivary glands in health and certain  d isea se  sta tes.

A technique o f recording the pattern o f sa livary  flo w  has made it 

possib le to co llect saliva sam ples accurately at severa l d iffe r e n t but 

constant flow  rates. The e f fe c t  o f varying sa livary  flo w  rate on the 

parotid and submandibular concentrations o f  e lec tro ly te s , iod ide, uric  

acid and a lso  the activity o f carbonic anhydrase has been dem onstrated  

and the normal ranges defined. It is  important to rela te  the concentratioi 

o f som e salivary constituents, e.g. iodide, to the p lasm a le v e l.

Combined quantitative and radioisotopic m ethods have been used to 

determ ine basic values fo r  the m etabolism  o f iodine in sa livary  glands 

and saliva. M easurement o f the sa livary sp e c if ic  activ ity  a fte r  a tra cer  

dose has the advantage that it is  independent o f flow  rate as the ratio  o f  

stable to radioiodine is  constant at d iffere n t flow  rates. Norm al ranges  

have been described fo r  salivary iodide concentration, c learan ce , absolut 

quantities secreted  in unit tim e and sa liva /p lasm a  ratios. The sa livary  

iodide concentrating m echanism  is  norm al in altered sta tes o f  thyroid  

function and also  in fib ro cy stic  d isea se  w here previously  high sa livary  

iodide le v e ls  had been reported. In Sjogren’s syndrom e how ever low  

sa liva /p lasm a ratios have been found and th is su ggests that the sa livary  

iodide trap may be involved in th is condition.



The chem ical nature o f  the salivary iodine has been studied and 

found to be alm ost entirely in the inorganic form  in health and in som e

thyroid d isea se  states. In contrast the urinary iodine, norm ally

inorganic, contains organic iodinated compounds in thyrotoxicosis and

in dehalogenase d eficien cy . Some advantages o f  the salivary sp ec if ic

activity method over the urinary method fo r  the indirect m easurem ent

o f the plasm a inorganic iodine are demonstrated.

Anions o f the Vllth periodic group include iodide, brom ide and 

pertechnetate. Pertechnetate, like iodide, i s  concentrated in saliva. 

Simultaneous adm inistration o f  isotopes ^^1 and TcO^ d irect

com parison o f salivary gland concentrating ability to be made on the 

sam e saliva sam ple thus elim inating the variable o f flow  rate. The 

isotope ^ m TcO has many advantages over isotopes o f iodine as a 

clin ical tracer and its  use fo r  radioisotopic v isualisation  o f the 

sa livary glands has been demonstrated fo r  the f ir s t  tim e.

The cr iter ia  fo r  diagnosis o f oral and sa livary gland involvem ent 

in Sjogren's syndrome have been examined. The com parative value  

o f te s ts  o f  salivary gland function have besn a sse sse d  in 30 patients 

with a clin ica l diagnosis o f Sjogren’s syndrom e. The advantages o f  

the new technique o f hydrostatic sialography are dem onstrated. Good 

correlation  was shown between sialographic appearances, sa livary  flo-\



rate m easurem ents and clin ical signs and sym ptom s. Labial gland 

biopsy shows a high occurrence o f fo ca l lym phocytic in filtration  in 

patients with Sjogren’s syndrome as compared with a control se r ie s . 

The onset o f  xerostom ia and xerophthalmia showed no w ell defined  

relationship to the menopause. Both these components o f  the ’sicca  

syndrome' may ar ise  together but o ften  they com m ence and progress  

independently. While a high incidence o f  auto-immune thyroid 

d isea se  is  found in Sjogren's syndrom e, an increased  incidence o f  

Sjogren’s  syndrome was not found in patients presenting clin ica lly  

with auto-immune thyroid d isease .
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ABBREVIATIONS AND TERMS USED

'R estin g 1 Saliva

Whole Saliva 
Mixed Saliva

Submandibular 
Submaxilla ry

Iodide

Iodine

VUth periodic  
group

PII

Sicca com plex or  
Sicca syndrome

+

R efers  to  sa liva  co llected  under conditions o f 
m inim al stim u lation .

These term s are used synonymously and re fe r  
to  the to ta l saliva pooled in th e oral cavity .

These term s are used synonymously by d iffe r e n t  
authors. In th is  t e x t  submandibular is  used  
except when quoting th e work o f o th ers.

This is  used in th e  s t r ic t  chem ical sen se to  
denote iodide ion or e le c tr o ly te s  containing the  
iodide ion , and not to  mean iodine in general.

Iodine is  used to  denote the elem ent in e ith er  
organic or  inorganic form .

The elem en ts iodine, technetium  and bromine are 
m em bers o f th is  group.

Iodide, p ertech n eta te  and bromide are th e ir  
resp ec tiv e  anions.

132_ 99m _ .  j 82_ .
I , TcO^ and B r are the resp ective

rad io istopes used.

P lasm a inorganic iodine (normal range 0.08 - 0*60 
y.g/100 m l in W est o f Scotland).

These term s r e fe r  to  th e combined oral and ocular 
dryness in Sjogren's syndrome.

Standard error o f  the mean unless otherw ise  
sp ecified .



I N T R O D U C T I O N

This T hesis d escrib es a study o f the salivary glands and their 

secretions in health and d isease . It is  divided into fou r parts.

Part I is  concerned with the description and validation o f the methods 

used. Some methods w ere developed fo r  use in the hospital out-patient 

clinic. New techniques fo r  monitoring the pattern o f salivary flow , 

hydrostatic sialography, radioisotopic scanning and salivary gland biopsy 

are described and the resu lts in normal subjects are reported.

Part II includes a b r ie f review  o f human saliva - its  function and 

chem ical composition. Exam ples are given o f  the problem s encountered 

in the analysis o f  salivary constituents. The e f fe c t s  o f varying salivary  

flow  rates on salivary electro lytes and uric acid concentrations and on 

carbonic anhydrase activity are reported.

Part III describes physiological and biochem ical studies o f  the 

salivary iodide concentration m echanism . Chemical and radioisotopic 

methods are combined to provide quantitative studies o f  salivary iodine 

m etabolism . The chem ical nature o f the salivary iodine is  examined and 

the relationship o f the salivary iodide to flow  rate and the plasm a level is  

demonstrated. The concentrating ability o f the salivary gland fo r  other 

m em bers o f  the Vllth periodic group is  compared with iodine. The 

e f fe c t  o f  potassium  perchlorate on the salivary iodide trap is  examined.



The salivary iodide concentrating m echanism  is  studied in such d iseases  

as Sjogren's syndrom e, fib rocystic  d isease  and altered states o f thyroid 

function. L astly , the salivary and thyroid trapping m echanism s are 

compared in health and d isease.

In Part IV the resu lts o f a study o f 30 patients with Sjogren's 

syndrome are reported. A ll complained o f xerostom ia and their oral 

and salivary gland involvement was investigated by salivary flow  

m easurem ents, sialography and oral biopsy. The diagnostic value o f these  

three techniques are compared. F inally , in view  o f the increased incidence 

o f auto-immune thyroid d isease  which has been reported in Sjogren's 

syndrome, the corollary, i .e . the incidence o f  Sjogren's syndrome in 

auto-immune thyroid d isease  has been investigated.



P A R T  I

METHODS USED TO STUDY SALIVARY GLANDS AND 

THEIR SECRETIONS

INTRODUCTION

Chapter 1 COLLECTION OF SALIVA

Chapter 2 RECORDING THE PATTERN OF SALIVARY FLOW

Chapter 3 SELECTION OF SALIVARY STIMULI

Chapter 4 SIALOGRAPHY

Chapter 5 RADIOISOTOPES

Chapter 6 SCANNING

Chapter 7 AUTORADIOGRAPHY

Chapter 9 BIOPSY

Chapter 9 CHEMICAL ESTIMATIONS



P A R T  I

I N T R O D U C T I O N

At the outset o f this study it was apparent that fo r  severa l aspects of 

salivary gland function there w ere no techniques suitable fo r  routine use in 

a hospital out-patient clinic. It was th erefore necessary  to devise collection  

methods and techniques fo r  the m easurem ent o f salivary flow  rate pattern, 

radioisotopic scanning and salivary gland biopsy, which could be used in an 

out-patient department. In this way it has been possib le to define the normal 

ranges o f these param eters and the variations which occur in som e d isorders 

o f salivary gland structure and function.

The conventional hand injection sialographic technique was found to 

be unsatisfactory fo r  the investigation o f patients with Sjogren's syndrome.

A hydrostatic method giving a constant p ressure during the fillin g  phase 

was th erefore developed. The methods which w ill be described may be 

sub-divided into those used to study salivary secretion  and others used 

prim arily fo r  the study o f the glands them selves. With the exception of 

the autoradiographic studies which w ere carried out in ham sters all the 

methods described here w ere used in man.



Methods used to study saliva

1) Collection o f saliva.

2) Recording the pattern o f salivary flow .

3) Radioisotopic.

4) Chemical A nalysis.

Methods used to study salivary glands.

1) Clinical

2) Sialography

3) Scanning

4) Autoradiography.

5) Biopsy.



C H A P T E R  I

THE COLLECTION OF SALIVA

Salivary studies may be conducted on sam ples o f  mixed or total 

saliva or on separated secretions o f the major salivary glands. The choice 

depends upon the nature o f the problem being investigated. If saliva as part 

o f  the dental environment is  being analysed mixed saliva is  usually collected. 

As the individual gland contribution to mixed saliva varies in volume and 

com position under various conditions, where the estim ation o f a particular 

salivary constituent is  being m easured, accurate reproducible m easurem ents 

can only be obtained on separated parotid, submandibular or sublingual 

saliva. In the majority o f  te s ts  which w ill be described here parotid saliva  

was used but on occasions, submandibular or mixed saliva was required. 

Various collection devices w ere tried in itially but the follow ing methods fo r  

coHection o f parotid, submandibular and mixed saliva w ere found to be the 

m ost reliab le and accurate.

PAROTID SALIVA 1) Modified Carlson-Crittenden cup

2) Combined catheter and suction cup (Kerr 1961).

SUBMANDIBULAR
SALIVA 1) Polyethylene catheter (Kerr 1961).

2) Segregator appliance (Schneyer 1955).

3) Segregator appliance (Block & Brottman 1962).



MIXED SALIVA

The advantages, disadvantages and indications fo r  the use o f each 

method w ill now be considered.

PAROTID SALIVA

1) Modified Carlson-Crittenden cup (Figure 1,1). This basic two 

chambered device is  often  referred  to as the Lashley cup (Lashley 1916) 

but as pointed out by T erry and Shannon (1965) was f ir s t  described by 

Carlson and Crittenden in 1910. The inner chamber was placed over the 

parotid duct o r ific e  and the cup maintained by air suction applied through 

the outer chamber. The source o f air suction used was a conventional 

w ater pump attached to a water tap in the laboratory used fo r  salivary  

studies. The pump had a p ressure range o f 0 -  760 mm Hg and the pressure  

applied was approximately 200-250 mm Hg. For collections carried out in 

other hospitals a rubber ball syringe was used to provide air suction fo r  a 

portable saliva coHection kit. The original Carlson-Crittenden cup was 

made o f m etal and no details o f its  s ize  are given by the authors. Various 

m odifications have since been described (Lashley 1916, R ichter 8c Wada 

1924; K rasnogorski 1931; F inesinger and F inesinger 1937; Gore 1938; 

Curby 1953; K err 1955; Tsaturov 1957; MiHer 1960; Suhara et al 1959; 

Shannon et al 1962). The cup used here was made o f nylon which was w ell 

tolerated by the oral m ucosa. The inner chamber diam eter o f 10 mm. 

outer chamber diam eter o f 20 m m, and depth o f 4 m m, resulted in



satisfactory  retention. Deeper cups tried initially  w ere discarded fo r  two 

reason s, f ir s t ly  because their bulk was uncom fortable fo r  the subject and 

secondly they w ere liable to be dislodged by the adjacent teeth.

There are , however, two disadvantages o f cup methods. F irstly , 

on occasions, movement o f the cup occurs away from  the position o f the 

parotid duct o r ific e  in som e patients when intra-oral stim uli are being 

chewed or sucked. Secondly, i f  the air suction p ressure is  too great the 

buccal mucosa is  sucked into the air suction tube and occludes it allowing 

movement of the cup away from  the m ucosa elsew here. Both o f these 

com plications can resu lt in a ir penetrating to the inner chamber and air 

bubbles are included with the saliva as it p asses down the collecting tube. 

The inclusion o f air w ill render inaccurate, attempts to m easure flow  

rate using the drop counting photo-electric method which is  described in 

Chapter 2. When this complication did occur it was necessary  to adjust 

the a ir  pressure or in sert a tapered polyethylene catheter through the 

inner tube and into the duct o r ific e  as described by K err (1961).

2) Combined Catheter and Suction Cup (Kerr 1961). In this method a 

suitable polyethylene catheter was selected  to f i t  the parotid duct o r ifice . 

The polyethylene catheter was inserted through a tube to the inner chamber 

o f the suction cup until it projected \  -  1 cm beyond the fitting surface of  

the cup (Figure I, 2). The catheter, with the cup attached, was then



inserted into the parotid duct and when sa tisfactor ily  positioned air pressure  

was applied through the outer chamber, as b e fo re , to maintain the appliance 

in position. Numerous catheters o f varying s iz e s  (Portex polyethylene 

diam eters .5 -  1.5 mm) w ere kept ster ilised  fo r  this purpose (Figure I, 3). 

The ends o f the catheters w ere polished on cloth to avoid trauma to the duct 

lining. The disadvantages o f this method are that it is  tim e consuming and 

le s s  convenient fo r  the patient. Ascending infection  can also occur and 

str ict a sep sis  is  essential. However, retention o f the appliance is  

excellent and air inclusion never occurs. It was th erefore , not used  

routinely but always when retention or air inclusion problem s presented in 

a particular subject.

SUBMANDIBULAR SALIVA

1) Polyethylene Catheter (Kerr 1961).

This was the only satisfactory  method o f submandibular saliva  

coHection in edentulous patients where intra-oral stim uli were employed.

A tapered polyethylene catheter (as described above) was fitted  fo r  

insertion  2 - 3  cm s through the duct o r ific e  into the submandibular duct.

If n ecessary , the submandibular duct o r ific e  was dilated f ir s t ,  using a 

lacrim al probe dilator. Great care is  necessary  in the preparation, 

selection  and fitting  o f the polyethylene catheter. Various s iz e s  (Figure 

I, 3) w ere prepared and the tapered ends o f the catheters polished on cloth 

b efore  insertion.



In som e subjects submandibular catheterisation was not possible. 

Causes o f fa ilu re w ere lingual angulation o f  low er incisor teeth, narrow 

duct o r if ic e s , and laxity and mobility o f the surrounding so ft  tissu es.

2) Segregator Appliance (Schneyer 1955).

Where a su ffic ien t number o f low er anterior teeth remained to 

provide retention the segregator method as described by Schneyer (1955) 

was used (Figure I, 4). This appliance was made especia lly  fo r  each 

patient, like a partial denture, in clear acrylic. An extension lingually  

from  the denture form ed a chamber which was placed over and around the 

submandibular duct o r ific e s . This method is  only as good as the 

peripheral sea l around the chamber in the f lo o r  o f the mouth. But, on 

the other hand, too great a downward p ressure by the edges o f  the appliance 

w ill occlude the submandibular ducts as they lie  in the flo o r  o f the mouth.

A balance has therefore to be obtained and this requires carefu l 

adjustment. The e ffic ien cy  o f the peripheral sea l should be tested using 

a sim ple dye such as Evans Blue.

3) Segregator Appliance (Block & Brottman 1962).

A m odification o f the Schneyer method has been described by Block  

and Brottman (1962) in which a preform ed plastic cup (Figure I, 5) is  

placed over the submandibular duct o r ifice . To maintain it in position  

denture rubber base im pression m aterial is  placed over, around and



between it and the lingual su r fa ces  o f the low er teeth. This appliance is  

quickly constructed at the chairside w hereas the Schneyer method requires  

laboratory preparation. Sim ilar precautions are n ecessary  to obtain 

adequate peripheral sea l. One disadvantage o f  this method is  lack o f 

retention which occurs occasionally  when in tra-oral stim uli are being used  

to promote changes in flow  rate.

MIXED SALIVA.

This was m ost sa tisfactorily  obtained by asking the patient to spit at 

a controlled rate o f once per minute during the period o f  collection  as 

described by K err (1961).

MEASUREMENT OF SALIVARY VOLUME

As the volum e o f saliva collected was often  only 1-2 ml this was 

m easured accurately by weighing the collection  bottles or tubes b efore  and 

a fter  the collection. The maximum error involved in assum ing that the 

sp ec ific  gravity o f salivary secretions was 1.000 is  1% (Kerr 1961).



C H A P T E R  2

RECORDING THE PATTERN OF SALIVARY FLOW

The concentrations o f many o f the constituents o f saliva vary with 

flow  rate. Since the original work o f Heidenhain (1883) the variations in 

concentration o f salivary constituents with flow  rate have been confirm ed  

by many w orkers, Thaysen et al (1954) Hildes and Ferguson (1955),

B ates (1958), Dawes and Jenkins (1964), Mason et al (1966a).

Previous w orkers have reported various methods o f m easuring  

salivary flow  rate. K err (1961) em phasised that an automatic outflow  

recording method was desirable to m easure sudden variations in secretion  

rate. In neither o f the two methods he described, however, can the saliva  

be readily collected fo r  subsequent analysis. R ichter and Wada (1924) 

and Kutscher and co-w orkers (1964) have described a method whereby the 

volum e o f flow  is  m easured along a calibrated tube, but the pattern o f 

flow  was not recorded. E arlier workers (Krasnogorski 1931 and Lashley 

1916) m easured the outflow o f saliva using drop counters, but these had 

the disadvantage that saliva stuck to the electrodes causing corrosion.

To date, th erefore , no method described combines a record o f the pattern 

o f the salivary flow  with collection o f the saliva fo r  analysis o f its  

constituents.
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In practice, th erefore , when saliva is  collected fo r  analysis, the 

rate o f  flow  is  usually obtained by dividing the volum e o f saliva secreted in 

unit tim e by the duration o f the collection period. The assumption is  made 

that the flow  rate is  constant throughout this period. However, it is  w ell 

recognised that the flow  rate varies with many fa c to rs  -  swallowing, 

chewing, and the rate o f application o f the stim ulus (Kerr 1961). For  

exam ple, i f  5 ml. o f  saliva are collected in 10 minutes then the average 

flow  rate is  0.5 m l/m in. If 2 ml. o f  this total volume are secreted in one 

minute and the remaining 3 ml. in the other 9 m inutes, then the saliva  

collected  is  a mixture o f saliva secreted at 2 m l/m in  and 0.3 m l/m in. It 

was fe lt  n ecessary , th erefore , to have a method o f monitoring 

continuously the rate o f flow  throughout each collection period. A 

photo-electric drop counting system  was th erefore designed whereby the 

pattern o f salivary flow  was recorded continuously when the saliva was 

collected  fo r  analysis o f the constituents.

The P hoto-electric Drop Counting Salivary Flowm eter.

A s shown in Figure I, 6 the instrument is  designed around three 

identical photoelectric detectors into which are inserted polyethylene 

cannulae conveying saliva from  the patient’s salivary ducts.

Simultaneously collections can be made from  3 salivary glands. Each 

detector con sists o f a g lass drip chamber (A) screwed to a perspex housing
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(B) which contains a photo-transistor and a 2.2 volt lens-ended lamp so 

arranged that the beam o f light fa llin g  on the photo-transistor is  

interrupted by the fa llin g  drop. The detectors are mounted on an angled 

m etal plate (C) so that each detector is  equi-distant from  the patient’s 

mouth. The stand (G) allows this plate to be positioned both vertica lly  

and horizontally to suit each patient. To ensure that the drip chamber is  

vertica l a sp irit lev e l (H) is  incorporated in the base o f the plate. The 

drip chambers are easily  interchangeable and can be accurately aligned by 

m eans o f the perspex slide (D) and fin a lly  locked in position by screw  

clamp (E). The saliva is  collected fo r  analysis in bottles (F) situated 

under each drip chamber.

The circuit diagram o f the instrument is  shown in Figure I, 7. The

phototransistors TR2> TR3> an(  ̂ TR^ are illuminated by lam ps L^, L a n d

L_, and in the quiescent state relays RL , RL , and RL , are energised  3 A h 5  G

and relay contacts RL. / I ,  RL / I  and RL / I  are open. A fa llin g  drop
A  G

operates the appropriate relay which, in turn, actuates the corresponding 

channel o f the flow  pen event recorder. is  an event marker. The 

power fo r  the instrument is  provided by a basic m ains-operated 24 volt 

stabilised  power supply.

Using this equipment, saliva was collected from  3 volunteer normal 

subjects. An 18 cm. length of so ft  polyethylene tubing, internal diam eter
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1.02 mm. linked the collecting device (Carlson-Crittenden cup or 

Polyethylene Catheter as described in Chapter 1) to the top o f the drip 

chamber. A variety o f stim uli was applied and the saliva collected at 

d ifferen t flow  rates. The stim uli included lem on ju ice, sa lt, oxo, 

sw eets and chewing p araffin  wax (Figure I, 8). The salivary volume 

was m easured by weight as described (page 8 ).

The e f fe c t  o f irregular application o f the stim ulus, chewing, 

swallowing, and mouth m ovem ents, was studied.

Iodine was estim ated on sam ples o f the saliva collected at 

d ifferen t flow  rates by the method described in chapter 9.

RESULTS

Using the equipment described and illustrated in F igures I, 9 and 

I, 10, the pattern o f  parotid and submandibular salivary flow  studied 

under ’restin g’ conditions and a fter  various stim uli in one subject is  

shown in Figure I, 11. The rate o f flow  during each period was 

relatively  constant. A graded increase in flow  rate occurred with 

chewing p araffin  wax, holding and sucking a sweet (’boiling1) and 

lem on juice. A record o f drop rate w ill, however, only represent 

accurately the pattern o f salivary flow  i f  the drop s ize  does not vary.

It was found that at any one flow  rate the drop s ize  rem ains relatively  

constant. Table I, 1 shows the resu lts in 3 subjects from  whom parotid



saliva was collected at three d ifferen t flow  ra tes, ’restin g ', a fter  a 

sw eet ('boiling’) and lem on juice stimulation. Although drop s ize  tended 

to increase with increasing flow  rate, such d iffere n c es  were negligible 

in com parison to the proportional changes in flow  rate.

If care is  not taken in the collection o f saliva and application of  

stim uli the rate o f salivary flow  may be irregular and patterns such as 

shown in Figure I, 12 obtained. It can be seen that swallowing causes a 

transient increase in salivary flow . The e f fe c t  o f lemon juice may 

p ers is t  fo r  som e tim e a fter  the stim ulus has stopped. Sucking a 

'boiling' and changing its  position in the mouth may alter the flow  rate. 

Irregularly applied stim uli resu lt in an irregular rate o f flow .

The iodide concentration in the parotid and submandibular saliva  

collected at d ifferen t but regular flow  rates is  shown fo r  one subject in 

Figure I, 13. There is  a negative relation between the salivary iodide 

concentration and the rate o f salivary flow . As the salivary flow  rate 

increased the concentration o f iodide in both parotid and submandibular 

saliva decreased. Figure I, 14 in contrast shows the iodide concentration 

of parotid and submandibular saliva at d ifferen t flow  rates when the 

pattern o f salivary flow  is  irregular. When compared to Figure I, 13 

the relation between flow  rate and iodide concentration is  le s s  definite.



DISCUSSION

This photo-electric system  confirm s that there are many variables  

a ffectin g  flow  ra te , e.g. swallowing, chewing, sucking, the position o f  

the stim ulus in the mouth, the rate o f application o f the stim ulus and the 

tim e interval following the previous stim ulus. It is  desirab le, th erefore , 

to monitor the pattern o f salivary flow  during each collecting period.

This system  allows the pattern o f flow  to be recorded and the saliva to be 

collected fo r  subsequent analysis. Where the pattern o f salivary flow  is  

irregu lar, only the mean flow  rate is  obtained when the total volume o f  

the sam ple is  divided by the collection tim e. Inaccurate resu lts w ill then 

be obtained as has been illustrated using iodide concentration as an example. 

Samples should therefore be discarded where the rate o f flow  is  noted to 

be grossly  irregular.

A photo-electric salivary drop counter has been previously described  

by Bates (1958). This apparatus was designed fo r  laboratory use only to 

m easure the salivary flow  rate from  one gland. Bates found it inaccurate 

because o f  the mixing o f air bubbles with the saliva when using a C arlson- 

Crittenden cup. In the apparatus described h ere , because o f the drip 

cham bers, a ir mixed with saliva is  not usually a problem. When it does 

occur it can be overcom e by (a) adjusting the air suction p ressure to 

improve retention o f the suction cup or, (b) using the K err method o f



combined intraduct catheterisation and suction cup as described in 

Chapter 1. I f  the pattern o f drop rate is  regular the drop s ize  rem ains 

constant and accurate m easurem ent o f flow  rate can be obtained by drop 

counting. The flow  rate recorder described here is  portable and the 

photoelectric drop counters can be positioned near the patient's mouth. 

Secretions can be monitored sim ultaneously from  three salivary glands 

and the saliva can be readily collected fo r  subsequent analysis in bottles 

placed underneath the drip chamber. A permanent record o f salivary  

flow  is  made by the electronic 4 -track recorder which can be situated 

at som e distance from  the patient.



C H A P T E R  3

THE SELECTION OF SALIVARY STIMULI

The type o f saliva which should be coHected fo r  a particular  

investigation varies. 'R esting’ saliva can be selected  because it is  m ore 

representative o f  the secretion  present throughout m ost o f  the day and night. 

Stimulated saliva is  required when a maximal response is  being examined.

In order to study the m etabolism  o f any constituent fu lly , saliva coHected 

at a range o f flow  rates is  desirable.

Wide variations in 'resting' flow  rate occur between individual patients 

(Kerr 1961) and to coHect 1 m l o f 'resting' parotid saliva may take 30-45 

minutes. On the other hand, a fter  stim ulation, the salivary flow  rate varies  

with the rate o f application o f the stim ulus, the position o f the stim ulus in the 

mouth, and chewing and swaHowing as already demonstrated. The d ifferen t  

e f fe c t  on flow  rate when chewing on one side and then the other described  

by Kerr (1961) is  strikingly Hlustrated in Figure I, 15. Some workers 

have used a chem ical means o f stim ulation, as has been used su ccessfu lly  

in te sts  o f gastric function (Kay 1953). Pilocarpine, a parasympathomimetic 

drug, has been adm inistered oraHy (Dawes 1966), subcutaneously (KuHander 

and Sonesson 1965) and intravenously (Curry and Patey 1964). Methacholine 

sim ilarly  has been used (Diamant et al 1957 and Thaysen et al 1954). Baxter 

(1933) in dogs, has however shown that pilocarpine is  not a suitable



physiological stim ulus as lowered concentrations o£ sodium and potassium  

occur using this method. Dawes (1966) confirm ed Baxter's observations 

in man and em phasised that pilocarpine stimulation does not reproduce the 

normal combined parasympathetic and sympathetic control. Furtherm ore, 

parasympathomimetic drugs in su ffic ien t dosage to produce very high 

flow  rates can produce undesirable side e f fe c ts  such as flush ing, 

palpitations, colicky abdominal pains, and an urgent d esire to micturate 

(Curry and Patey 1964) and in som e d isease  states they would obviously  

be contra-indicated.

A complication associated with the collection o f saliva is  the possible  

occurrence o f ’re s t transients'. It was observed that the concentration of 

potassium  in saliva secreted  at the start o f a period o f  stimulation was 

greater than the concentration found a fter  secretion  had continued fo r  a

I T
minute or two (Kestyus and Martin 1937). This phenomenon has been  

demonstrated fo r  potassium  and iodide in the dog sub m axillary gland 

(Burgen and Seeman 1958).

In view  o f the above findings in the subsequent work reported here  

routine saliva collection procedure wds developed as fo llow s:

1) The subject or patient was seated com fortably in a dental chair and 

the procedure was explained to him.
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2) The collection device was applied. 5 drops o f lem on juice w ere then 

applied to the tongue.

This in itial stim ulus flushed out stagnant secretions and the saliva  

co llected  during the next 15 minutes was then discarded to avoid 

'salivary re s t transients'.

3) Saliva was then collected fo r  analysis under conditions o f minimal 

stimulation or 'resting' and using several d ifferen t intra-oral stim uli. 

For many studies saliva collected (a) 'resting' fo r  30 m inutes,

(b) sucking a fru it gum* fo r  5 minutes and (c) lemon juice** 

stimulation fo r  2 minutes was su ffic ien t. In each experiment the 

order o f collection o f (a), (b), and (c) was varied. Stimuli were  

applied fo r  at lea st 2 minutes b efore the collection o f a sam ple was 

commenced.

Using this technique it was found that:-

I Saliva was obtained at low , medium and high flow  rates (Figure I, 16).

II A normal range o f flow  rates could be defined fo r  'resting',fru it gum, 

and lem on juice stimulation (Table I, 2).

Ill A good correlation was obtained between the right and le f t  parotid

glands in normal subjects (Table I, 3), and

* Rowntree's Fruit Gums (Rowntree & Co. Ltd., York, England)

**'J if' Lemon Juice (J. 8c J. Colman, Ltd., Norwich, England).



IV That reproducibility was sa tisfactory  fo r  the individual subject 

provided saliva was collected  at the sam e tim e o f day and at 

approximately the sam e tim e interval a fter  the la s t  m eal (Table I, 4).



C H A P T E R  4

SIALOGRAPHY

Sialography was introduced as a diagnostic procedure by Barsony  

in 1925. It is  a u sefu l technique in the diagnosis o f calcu li, duct str ictu res, 

chronic inflam m atory conditions, fis tu la e  and neoplastic d isease  o f the 

salivary glands. Because o f  their superficia l position, radiological 

examination is  particularly suitable fo r  the investigation o f salivary gland 

disease. Adequate demonstration o f the duct system  and where p ossib le , 

the acini, form  the essen tia l part o f the examination. As in other 

radiographic methods a high degree o f diagnostic accuracy can only be 

obtained i f  clin ical and radiological findings are considered together.

Few m odifications to the original hand injection technique described  

by Barsony have been described. Fine rubber catheters w ere used instead  

o f m etal cannulae by Putney and Shapiro (1950) and tapered polyethylene 

tubing by Liverud (1959). Early w orkers used barium suspensions and 

potassium  iodide which w ere replaced by fa t  soluble media (e.g. Lipiodol). 

B ecause o f the relatively  high v iscosity  these media w ere expelled from  

the ducts slow ly over a period o f 1-3 days (Ollerenshaw and Rose 1951). The 

vehicle o f 'Lipiodol,1 poppy seed oil,has irritant properties and foreign  body 

reactions have been described in dogs (Epsteen and Bendix 1954). Recently 

the new water soluble contrast media have been available but were not 

widely used initially because o f their low v iscosity  and rapid emptying tim e



from  the ducts. It was n ecessary , th erefore , to use a ’closed system ' of 

hand injection technique, the needle or catheter being maintained in position  

while the radiographs w ere exposed (Rubin and Holt 1957). In 1958, Gullmo 

and Book-Hederstrom  described a hydrostatic technique in which the 

contrast medium is  allowed to flow  into the gland using only the fo rce  of 

gravity. A m odification o f this method has been suggested by Drevattne 

and Stiris (1964).

Sialography was used in the present studies as one o f  the screening  

te sts  in patients who had complained of xerostom ia and where Sjogren's 

syndrome was suspected (Part IV, Chapter 30). It was clear early in these  

investigations that the conventional method o f perform ing sialography, i.e . 

by hand injection technique, was unsatisfactory fo r  use in established  

ca ses  o f Sj6gren's syndrome. Where destructive changes had occurred  

within the salivary glands the pain sensation normally f e l t  when the ducts 

are distended was absent in these patients. Thus overdistension and 

extravasation o f radiopaque medium into the surrounding tissu es was a not 

infrequent occurrence. Figure I, 17 dem onstrates the retention o f  

contrast medium in the adjacent tissu es  in a patient with Sjogren's syndrome 

who presented with a h istory o f sialography 6 months previously.

Ideally fo r  sialography the radiopaque contrast medium should have 

sim ilar physical characteristics to saliva. It should be introduced into



the duct at a constant p ressure just greater than the secreting pressure o f  

the salivary gland. Two investigations w ere th erefore carried out:-

1) A comparison o f the physical characteristics o f the radiopaque 

media available with sa liv a . (Table I, 5).

The v isco sity  o f  three d ifferen t contrast media was measured  

using a Brookfield  Rotational Cone and Plate m icroviscom eter.

The sp ec ific  gravity values quoted w ere provided by Glaxo 

Laboratories Ltd., Greenford, Middlesex (T riosil'451) and 

Pharm aceutical Specialities Ltd., (Neohydriol Fluid and V iscous).

The resu lts are shown in Table I, 5 with mean values reported  

fo r  'resting* parotid and submandibular saliva (Schneyer 1955 and 

K err 1961).

It is  c lear that the water soluble contrast media are m ost sim ilar  

to saliva with regard to the physical properties a ssessed .

2) The m easurem ent o f  the secreting pressure o f  the parotid and 

submandibular glands in a group o f eighteen patients was perform ed  

using the sim ple apparatus shown in Figure I, 18. This consisted of 

a standard m etre stick arranged vertica lly  with a polyethylene tube 

(1.5 mm. in diam eter) attached anteriorly. This was then fixed  to a 

blood transfusion stand. The low er end o f the m etre stick was 

adjusted fo r  each subject, to lie  at the leve l o f  the gland being studied. 

The combined catheter and cup method described by Kerr (1961) was 

used fo r  collection o f parotid saliva and fo r  the submandibular, a



tapered polyethylene catheter was inserted into the duct. The tube 

collecting the saliva was connected to the polyethylene tube 

attached to the m etre stick. ’Resting' le v e ls  w ere obtained and then 

stimulated le v e ls  (sucking a fru it gum); the means and S.E.M. are

shown in Table I, 6. The mean ’restin g’ parotid secreting pressure

+ + 
was 16.4 -  1.48 and increased to 63.5 -1.41 cm s Ĥ O a fter  stimulation.

The corresponding fig u res  fo r  the submandibular gland w ere very

sim ilar  17.1 -  0.97 to 69.6 -  1.26 cm s H^O.

The author is  not aware o f  any previous fig u res  reported which would 

allow a strict com parison to be made.

Based on these findings (1 and 2) a sialographic technique was devised  

whereby a water soluble contrast medium (T riosil ’45 ’) was introduced into 

the salivary duct system  at a constant p ressure o f 70-90 cm s o f H^O.

The latter was achieved using a 20 cc syringe and tubing set at a height of 

70-90 cm s above the gland to be investigated. At this pressure fillin g  of 

the gland occurred in about 5-10 seconds and overfillin g  rarely  occurred.

This technique d if fe r s  from  that o f  Gullmo and Book Hederstrom  

(1958) who used a pressure o f 2 0 -4 0 cm s H O and maintained the catheter
/ a

in position by attaching it to the oral mucosa with a m etal clip. Drevattne 

& Stiris (1964) use a sim ilar pressure to that described here and employ a 

nylon introducer with the catheter.



EQUIPMENT. (Figure I, 19).

A 20 ccm . Glass Syringe B arrel.

Two Catheters -  1) Portex polythene tubing P.E . 205 100 cm. in length.

2) Portex polythene tubing P .E .160 fin e ly  tapered at 

one end, 2 5 cm. in length.

Two metal connectors.

Adaptors and tap fo r  polythene tubing, s iz e  P.E . 205 with Luer-Lock fitting. 

Adaptor and tap especia lly  designed with a screw  cap to f i t  tubing P.E. 205 

at one end and to take tubing P.E . 160 at the other end.

Lacrim al probe dilator.

Elema-Schonander skull table.

No. 13 cone with a s lit  diaphragm.

8 x 6  Ilford Blue brand f ilm  with fa s t  tungstate screen.

Sodium m etrizoate 45 per cent (T riosil ’45').

S lices o f fr e sh  lemon.



METHOD

Identical procedures w ere carried  out fo r  a ll p a tien ts . The deta ils  

o f  p a tien ts  examined are included in th e chapters reporting the r e su lts  o f  

th e  p resen t stu d ies (Chapters 30, 31, and 33).

1: HISTORY AND CUNICAL EXAMINATION

2: PLAIN FILMS:

Plain radiographs were taken f i r s t  to dem onstrate s ia lo lith ia s is , 

ca lc if ic a tio n , or gland enlargem ents.

3: SIALOGRAPHY:

a) P assive  fillin g  phase: W ith th e  apparatus assem bled , the

syringe barrel is  f il le d  w ith  co n tra st m ater ia l and s e t  a t  a height o f  

70-90 cm s above the lev e l o f  th e p a tien t's  mouth (Figure I, 20). The 

medium is allowed to  run through th e  ca th e ter  sy stem  fr e e ly  to  expel all 

a ir  bubbles. The duct o r if ic e  is  located  w ith  a lacrim al probe and where 

n ecessa ry , gen tly  dilated (Figure I, 21). The tapered end o f  the ca th eter  

is  then introduced 0.5 to 1 cm. into the duct (Figure I, 22) and the p atien t 

asked to  grip the ca th e te r  gently  w ith the lips. B efore  commencing the  

exam ination, i t  is  b r ie fly  explained to  the p a tien t, who is  asked to  indicate  

when d iscom fort or pain is  f e l t ,  by raising th e  right hand. A t th is  point 

th e  exposure is  made a t  once while the co n tra st agent is  flowing. The tap 

is  then closed  to  prevent unnecessary d isten tion  o f  th e gland. The same



procedure is  repeated fo r  each view. The short catheter may then be 

replaced by a fr e sh  one and contrast m aterial run through it. The 

apparatus is  then ready fo r  the next examination.

b) A ctive Emptying phase: The patient is  given a s lic e  o f lemon to

suck im m ediately a fter  the passive fillin g  phase is  com pleted, and the 

catheter is  removed from  the mouth. A fter  a five-m inute interval further  

exposures are obtained. A normal secretory phase f ilm  shows no evidence 

of residual contrast medium.

Examples o f the resu lts obtained in normal and pathological glands are 

shown in F igures I, 23 -  I, 33.

This hydrostatic method was found to be superior to the conventional 

hand injection techniques fo r  the follow ing reasons:

1) Constant pressure is  obtained during the introduction o f the radiopaque 

medium and overfilling  is  a rare occurrence as compared with the hand 

injection technique.

2) As f ilm s  are exposed during the fillin g  phase no reflux  o f contrast 

medium occurs.

3) A water soluble contrast medium can be used which is  rapidly expelled  

from  the duct system . One gland examination including the emptying 

phase takes 15-20 minutes and several glands may be examined at the 

one v is it. In com parison, contrast media containing iodised o ils  are 

retained fo r  1-3 days (Schultz and W eisberger 1947, Ollerenshaw and 

Rose 1951).



C H A P T E R 5

THE USE OF RADIOISOTOPES 

TO STUDY SALIVARY GLAND FUNCTION

Isotopes have been used extensively to study salivary gland function in 

anim als (Burgen and Seeman 1957, and 1958; Cohen et al 1955; Cohen and 

Myant 1959; Towbin and Perkins 1958).

Radioisotopic methods have also been used to study human salivary

gland function in health and d isease. Following the administration o f the

isotope it is  secreted  in the saliva and by collecting sam ples o f  blood and

saliva it  is  possib le to m easure the saliva/p lasm a ratio. Several workers

131have m easured the saliva/p lasm a ratio using I (Schiff et al 1947; Honour

et al 1952; Freinkel and Ingbar 1953; Ferguson et al 1956; Cohen and

Myant 1959). The e f fe c t  o f drugs on this ratio has also been studied

(Rowlands et al 1953; Edwards et al 1954; Ferguson et al 1957; Myant

1960). Gabrielson and Kretchm ar (1956), F ellinger et al (1956) have studied

131the saliva iodide trap in d ifferen t thyroid states using I. Uptake o f

radioiodine by the salivary glands has been studied (Negri and Pochin 1961).

It is  also possib le to obtain further inform ation about the chem ical nature

o f  the salivary iodine using radioisotopic methods (Fellinger et al 1956;

Cohen and Myant 1959; Cohen 1962; Alexander et al 1966; Papadopoulos

131et al 1966.) Awwad (1959) has used I to study the salivary gland iodide



concentrating m echanism  in a group o f patients follow ing external 

radiation. Estim ations o f  the plasm a inorganic iodine a quantity too sm all 

to be m easured chem ically have been made fro m  the sp ec ific  activity of 

the salivary iodide follow ing a tracer dose o f  radioiodine (Gerbaulet and 

Maurer 1958, Fitting 1960 and Harden e t  al 1965a).

Using radioactive phosphorus, Stevens (1953), m easured the secretion  

o f  this elem ent and its  rate o f appearance in saliva.

Some aspects which have been studied in m ore detail in the present 

work are:

1) The Saliva/plasm a ratio o f  iodine This may be used as a clin ical 

test to screen  patients suspected o f having a type o f dyshorm onogenesis in 

which fa ilu re  o f  iodine trapping is  shared by salivary , thyroid and gastric  

glands (Chapter 28). Normal ranges fo r  the sa liva/p lasm a ratio at 

d ifferen t salivary flow  rates are detailed in Chapter 20.

2) The use o f the sp ec ific  activity principle to derive indirectly the plasma  

inorganic iodide concentration (PH) a quantity too sm all to be m easured  

directly  (see below).

3) Combined Stable and Radioiodine stud ies. Whenever possib le stable

127 132 13L.
iodine ( I) and radioiodine studies ( I or I) w ere combined. As

Riggs (1952) has pointed out isotopes are ideal fo r  the m easurem ent o f the

proportion o f body iodine which fo llow s a particular m etabolic pathway but



chem ical methods give inform ation about the absolute quantities o f iodine 

involved. Only by combining the two techniques can a com plete under­

standing o f iodine m etabolism  be obtained.

4) Combination o f isotopes T ests  using combinations o f isotopes were  

occasionally used to compare the salivary concentrating m echanism  fo r  

each isotope. The isotopes w ere adm inistered sim ultaneously and as the 

radioactivity is  counted fo r  each isotope in the sam e saliva sam ple, the 

variable o f  flow  rate is  excluded.

Isotopes Used

_ 131_ 132_ 82_ j 99m_ _ .The isotopes used w ere I, I, Br and ™c0^. Their

physical characteristics and radiation dosages are described in Table I, 7.

131 132The advantages o f using I and I are that they fo llow  exactly the

127
m etabolic pathway o f stable iodine ( I) and introduce no sign ificant amount 

o f iodine into the organism. They th erefore act as true tracers and can be

used to study the salivary iodide concentrating m echanism  in a sim ilar

131 132
way to the thyroid. I has a h a lf l i f e  o f  7-9 days and I a h a lf l i f e  of

1312-3 hours. Used as clin ical tracers I is  given in a dose o f  5 ûc and 

"^1 in a dose o f  50 ja.c.

99m
Pertechnetate Tc has som e sim ilar biological properties to

isotopes o f  iodine. It i s  also concentrated by the salivary glands. Because 

of its  short h a lf l i f e  o f 6 hours and its  low prim ary particle radiation it is



being increasingly used as a clin ical tracer in human studies (Chapter 5).

It is  o f  particular in terest because it is  trapped by the thyroid gland but not

subsequently bound to protein and th erefore it may be used in comparing

82
the salivary and thyroid iodide trapping m echanism . Br was also studied 

because, like iodide and pertechnetate, bromide is  an anion o f the Vllth 

periodic group. It has been reported by W olff (1964) using tissu e s lice  

experim ents in m ice , that the salivary glands concentrate other anions o f  

this group, as w ell as iodide.

RADIOISOTOPE PROCEDURES USED IN THE SALIVARY STUDIES 
(reported in Part III).

132In m ost o f the studies reported I was used. A tracer dose o f 50 jac 

was given orally to subjects while fasting . Urine was collected  from  

60 to 150 minutes from  the commencement o f  the test. Saliva was 

collected  fo r  periods varying from  2-30 minutes depending upon the 

stim ulus. The blood sam ple (10 m is) was taken at the midpoint o f the urine 

and saliva co llections, i.e . 105 minutes. The radioactivity o f this plasma  

sam ple was assum ed to be the mean radioactivity o f the plasm a from  60 

to 150 minutes (Alexander et al 1962). Furtherm ore the radioactivity o f the 

plasm a sam ple taken at the m id-point o f  the saliva collection  was assumed to 

correspond with the mean radioactivity o f the saliva sin ce , as shown below, 

no sign ificant lag period was found between the presence o f the istotope in 

the plasm a and its  appearance in the saliva. To confirm  this saliva sam ples



w ere collected  at 10-second intervals follow ing the intravenous injection  

132 99mo f I and ^cO^. Maximum radioactivity was found 2% minutes a fter  

the intravenous injection o f the isotope. Since the flow  rate was 0.5 m l/m in  

and the dead-space estim ated as being approximately 1.3 m l., it can be 

assum ed that the isotope appears in saliva alm ost instantaneously.

Using the above method the follow ing param eters w ere derived -

a) Salivary iodide clearance.

b) Absolute amount o f  iodide secreted  in saliva.

c) Saliva/plasm a iodide ratio.

d) P lasm a inorganic iodine.

a) The Salivary iodide clearance is  the volum e o f plasm a com pletely

cleared o f its  iodide content by a salivary gland per unit o f tim e.

In the present work the salivary clearance is  expressed in m l/m in

and is  calculated in the follow ing way:-

132Salivary iodide = Saliva I/p er  cent d ose /m l x Vol. o f Saliva (ml) 
Clearance 132
(m l/m in) P lasm a I/p er cent d ose /m l x Duration o f

Collection (min.)

b) The Absolute amount o f iodide secreted  in saliva is  the absolute

quantity o f iodide secreted  by a salivary gland in unit tim e. In these

studies this quantity is  expressed in p g /h r and is  calculated -

Absolute amount = Saliva I (jug/100 ml) x Volume in 1 hr (ml) 
o f iodide secreted  100
in saliva (pg/hr).



The Saliva/plasm a iodide ratio is  the ratio o f the iodide in saliva in 

p gAOO ml to the plasm a inorganic iodide in pg/100 m l. Usually it is  

obtained a fter  a tracer dose from  the ratio o f radioiodine in saliva  

(% d ose/m l) to the radioiodine o f  the plasm a (% dose/m l).

1 3 ? 1 3 ?
Saliva I = Saliva I (% d o se /m l)

132 132
Plasm a I P lasm a I (% dose/m l).

The plasm a inorganic iodine is  the concentration o f iodide present in 

the plasm a and is  m easured in p gAOO ml. It is  too sm all a quantity to 

be m easured d irectly  but can be derived indirectly using the sp ec ific  

activity method f ir s t  applied to the urine by Stanley (1949) and la ter  to 

saliva (Gerbaulet and Maurer 1958). The methods are based upon the 

principle that a fter  a tracer dose o f radioiodine the sp ec ific  activ ities  

of the p lasm a, saliva and urine are all equal.

Thus:

132T C V  132t w  _ 132 ttI Saliva = I P lasm a -  I Urine
Salivary iodide Plasm a inorganic urinary iodide

iodine

The iodide in both saliva and urine can be m easured chem ically and 

th erefore the PII can be derived -

132
PII (pgAOO ml) = Urine I (pgAOO ml) x P lasm a I(per cent d o se /m l)
(from  sp ec ific  TT . 132T , . , r' . . r  _ U nn e I (per cent d ose/m l),
activity o f
urine)



132
PII (pgAOO ml) = Saliva I (pgAOO ml) x P lasm a I(per cent dose/m l)
(from  sp ec ific  _ ... 132T , , _

. . . .  r Saliva I (per cent d ose/m l),activity o f ^  '
sa liv a )

2) Estim ation o f Saliva/p lasm a ratios o f  isotopes o f the Vllth periodic 

group used in combination.

99m,

82 132A solution containing a m ixture o f radioisotopes B r, I and 

TcO^ was injected intravenously into the volunteer subject. Saliva

(parotid and/or submandibular) was collected at three flow  rates using the

methods already described. At the midpoint o f each salivary collection a

plasm a sam ple is  obtained by venepuncture. Plasm a and salivary sam ples

are counted using a nuclear Chicago automatic w ell-type counter. Each

132plasm a and saliva sam ple is  counted on three occasions. F irstly , I

82 99m
plus Br w ere estim ated, excluding Secondly, this count was

132 . 82
repeated a fter  decay o f I giving an estim ate o f  Br. Thirdly, the

82 99m
counting conditions w ere adjusted and B r and estim ated. Counts

fo r  each individual isotope w ere obtained by solving three simultaneous 

equations using a Sirius computer. Salivary/plasm a ratios w ere then 

calculated fo r  each isotope at the three flow  rates.



C H A P T E R  6

SALIVARY GLAND UPTAKE AND SCANNING USING
99m

PERTECHNETATE -  Tc

Radioisotopic v isualisation  or scanning is  a diagnostic technique which 

has been increasingly used during the past decade. The b asis  o f this method 

is  that according to their physiological and metabolic functions, organs and 

tissu es  may contain d ifferen t concentrations o f a suitable isotope a fter  it 

has been adm inistered as a clin ical tracer (Figure I, 34). This d ifferen ce  

in radioactivity between an organ and surrounding tissu es  can be recorded  

and charted using a P icker Magnascanner V (Figures I, 35 and I, 36).

Using this principle various isotopes have been used to v isu a lise  

many d ifferen t organs including brain, liv e r , kidney, sp leen, pancreas, 

stom ach, bone, lymph nodes, lungs and placenta (Mallard 1966). Scanning 

can thus be used as an additional diagnostic aid in the detection o f d isease  

or o f a tumour m ass within an organ. It may also be o f  value in the 

location o f tumour m etastases. B ecause o f  its  iodide concentrating ability 

the thyroid gland is  particularly suitable and scanning is  now a standard 

technique in the diagnosis o f thyroid d isease. Although the salivary iodide 

concentration m echanism  is  w ell recognised little  inform ation is  available 

concerning the actual uptake o f iodine by the salivary glands (Negri and 

Pochin 1961). Counting procedures are d ifficu lt because o f problem s in



iso la tin g  one sa E v a ry  gland and  a  f u r t h e r  p rob lem  i s  , o f  c o u rs e , th e  

ra d ia tio n  dosage to  'the p a t ie n t .  A d e ta ile d  s tu d y  o f  th e  trap p in g  

m echanism  i s  how ever p o ss ib le  u s in g  a  scann ing  tech n iq u e  w ith  _

w hich, a s  shown in  C h a p te r  20 , lik e  rad io io d in e , i s  c o n c e n tra te d  by  th e

s h o r t  h a lf - l i f e  (6 h o u rs) coupled w ith  th e  n e a r  absence o f  p a r t ic u la te  

ra d ia tio n  p e rm its  r e la t iv e ly  'large  doses to  b e  a d m in is te re d  w ith  l i t t l e  

hazard to  th e  p a t ie n t  and  th e  140 KeV g a m m a -ra d ia tio n  is  abou t op tim um  

f o r  scanning. W ell d efin ed  scan s  can  th u s  b e  com p le ted  quicMy.

In  th i s  c h a p te r  s tu d ie s  o f  u p ta k e  and scanning  using  T c04 

b y  th e  subm andibu lar an d  p a ro tid  g lands in  m an  w ill b e  described .

METHODS

E ig h t s u b je c ts  w e re  s tu d ie d  aged  31 to  60 y e a rs . A ll w ere  v o lu n tee rs  

and none had  evidence o f  sa E v a ry  g land  d ise a se . A  t r a c e r  dose o f  800 p c

th e  s a liv a ry  and th y ro id  g lands w as le s s  th a n  0.2 ra d . Using th e  P ic k e r  

M agnascam ner V  th e  su b je c ts  w e re  scanned  in  th e  a n te ro -p o s te r io r  p osition  

o v e r  an  a r e a  b e tw een  t h e  b rid g e  o f  th e  n o se  and th e  s te r n a l  n o tch . T h is  

reg io n  w hich inc ludes b o th  th e  sa E v a ry  g lands and th y ro id  gland w as scanned 

30-35 m in u te s  a f t e r  th e  t r a c e r  dose. A lin e  spacing  o f  0.9 cm  and a  scar, 

speed  o f  100 cm /m in . w as u sed . E ach  scan  to o k  ap p ro x im ate ly  5 m in u te s .

sa liv a ry  g lands. T ech n e tiu m  i s  an  a lm o s t  Id ea l scanning ag en t: it;



A phantom containing a known dose o f the injected isotope was scanned under 

identical conditions. Scans m ore suitable fo r  photographic purposes were 

obtained by adjusting the speed to 40 cm /m in  and the line spacing to 0.5 cm. 

Such scans took approximately 20 minutes. C ircles w ere drawn on the scan  

around the thyroid and salivary glands and the dots enclosed were counted. 

C ircles o f the sam e diam eter w ere drawn in an adjacent area and a correction  

fo r  radioactivity in underlying tissu e and also fo r  room background was made 

by subtracting the latter dot-counts from  the counts over the gland as 

described by Andros et al (1965). By comparison with the scan o f the 

standard it was possib le to express the net do.t-counts over the glands as 

percentage of the injected dose. Inaccuracies may arise  from  a statistical 

counting error and from  estim ation o f the background activity. The error 

is  approximately -  0.05% dose. (I am grateful to Mr. T. Hilditch, Western 

Regional P hysics Department, who developed this method fo r  the counting 

procedure.)

Two patients w ere scanned 3 minutes a fter  administration o f the 

tracer dose and the scans w ere repeated at intervals up to 105 minutes. 

Potassium  perchlorate (500 mg) was adm inistered orally at 65 minutes.

In one patient the mouth was rinsed with water between 95 and 100 minutes 

in an attempt to rem ove the radioactivity present in this region.



One patient was scanned as described above and, on a second 

occasion , atropine 0.6 mg was given subcutaneously 30 minutes before  

administration o f the tracer dose.

RESULTS

99m
The uptake o f TcO by salivary and thyroid glands at

approximately 35 minutes is  shown in Table I, 8. The thyroid gland takes

99m
up consistently m ore TcO^ than each individual salivary gland (P^O.Ol). 

The thyroid gland took up between 0.34 and 1.51% dose, mean 0.96 -  S.E.M. 

0.174. This was consistently higher in each patient than the uptake in the 

individual salivary glands which ranged from  0.04 to 0.80% dose. In 

patients in whom both submandibular and parotid glands w ere scanned the 

uptake by the submandibular gland was le s s  than the uptake by the parotid 

gland. At 35 minutes the activity present in the mouth region ranged from  

0.06 to 0,66% dose. A typical scan taken at a speed o f 40 cm /m in. is  shown 

in Figure I, 37. Radioactivity can be clearly  seen in the thyroid, both 

submandibular and both parotid glands and centrally in the ’mouth' region.

Serial uptake m easurem ents by the submandibular glands are shown 

in Figure I, 38. The uptake over the two submandibular glands was alm ost 

identical and the mean values are shown in the figure. This reached a peak 

o f 0.7% by 47 minutes. The activity in the 'mouth' region was negligible 

over the f ir s t  10 minutes but by 24 minutes it accounted fo r  0.2% o f the dose,



th ereafter rising  rapidly reaching 1.2% of the dose by 57 minutes. The 

thyroid uptake reached a maximum o f 1% o f the dose by 13 minutes. 

T w enty-five minutes a fter  the administration o f 500 mg potassium  

perchlorate orally , the radioactivity over the submandibular gland regions  

could not be distinguished from  background. In contrast over this period  

the activity in the 'mouth' region ro se  from  1.2% to 1.8%. Attempts to 

rem ove this activity in the mouth by rinsing with water fa iled .

Serial uptake m easurem ents in a second patient are shown in 

Figure I, 39. At each tim e interval the mean uptake over the parotid glands 

was slightly higher than the mean uptake over the submandibular glands.

In this subject the radioactivity in the 'mouth' region prior to perchlorate 

administration never exceeded 0.23% o f the dose. The thyroid gland uptake 

reached a maximum o f 1.5% at 25 minutes. A fter  the administration of 

potassium  perchlorate the parotid and submandibular gland uptakes f e l l  from  

0.44% and 0.30% respectively  to negligible amounts.

In Figure I, 40 are shown the salivary and thyroid glands before and 

a fter  perchlorate administration. B efore  perchlorate the submandibular 

and parotid glands are clearly  outlined. A fter  perchlorate, radioactivity  

is  seen only in the 'mouth' region.

In one patient a tracer dose o f ^ mTc0 was given intravenously
4

30 minutes a fter  subcutaneous injection o f  atropine 0.6 mg. The thyroid



and sa livary glands w ere scanned 12, 23 and 132 m inutes la ter . The scan  

obtained betw een 23 and 43 m inutes i s  shown in F igure I , 41a. When 

compared to  F igure I , 37 i t  Is apparent th a t  th e r e  i s  no sig n ifica n t  

d ifferen ce  in th e  uptake o f  th e  iso top e  over th e  thyroid  .and sa livary glands. 

Considerably le s s  a c t iv ity  is  p resen t however in th e  'mouth' region 'in th e  

scan obtained a f t e r  atropine. A t 18 m inutes th e  mean submandibular 

gland uptake w ithout atropine w as 0.45% o f  th e dose, w ith  atropine 0.44%. 

o f  the dose. The values fo r  th e  parotid  gland were 0.59% w ithout atropine 

and 0.53% w ith  atropine. A t 4 0  m inutes th e  values were also  s im ila r , 

submandibular 0.53% w ithout atropine and 0.52% w ith  atropine, parotid  0.77% 

w ithout atropine and 0.77% a f t e r  atropine. By 147 m inutes th e a c tiv ity  .in 

th e sa livary glands a f t e r  atropine had fa llen  considerably but th e  a c tiv ity  

in th e  'mouth' region had increased  to  1*84% o f  th e dose (Figure I, 41b).

DISCUSSION

.In recen t years th e  iso top e  ^ ^ V cO  has been used to  scan various 

organs in th e  body including thyroid , brain , liv e r , stom ach , h eart and 

spleen (Mallard 1966), L it t le  a tten tio n  has been paid however to  th e  salivary  

glands. In th is  chapter th e  sa livary  and thyroid glands have been scanned 

w ith  technetium . This w ill p erm it d etection  o f  heterogeneous function in 

th e salivary glands in th e  sam e way as  has been p ossib le  in th e  thyroid gland. 

F urtherm ore, i t  has been possib le to  q u antita te  th e  uptake o f  the iso top e by



th ese  glands. No previous re su lts  o f uptake and scanning o f the salivary

glands have been reported  in the litera tu re . However, the thyroid uptakes

reported  are in agreem ent w ith values previously published by Andros

e t  a l (1965). From  the p resen t study i t  appears th a t the uptakes over

individual salivary glands are s ign ifican tly  le s s  than the thyroid uptake

but th a t the combined salivary gland uptake may exceed the uptake by the

thyroid gland. Harden e t  al (1965b) have previously shown th a t the

absolute amount o f  iodine excreted  in saHva from  th e  two parotid and

two submandibular glands was o f  th e  sam e order as th a t taken up by the

thyroid. M oreover, the sam e authors found th a t m ore iodine was secreted

in the parotid  saliva than in the submandibular saHva which is  in agreem ent 

99mw ith  the TcO^ uptake m easurem ents in the present study.

9 9 m
Although th e uptake o f TcO^ by the saKvary glands has been

referred  to ,  the actual s i t e  o f the iso top e within th e  salivary glands is

uncertain . There is  considerable evidence th a t iodine is  concentrated  in

the ce lls  o f the salivary ducts (Burgen and Seeman 1957; Burgen e t  a l 1959;

Cohen e t  al 1955). In addition to  any a c t iv ity  p resen t in the duct c e lls ,

9 9 m TcO„ secre te d  into the duct lumen in saliva w ill also be seen in scans.
4

A ctiv ity  can be seen on th e  scan situ a ted  cen tra lly  in the 'mouth' 

region. I f  th is  w ere a ll in sa liva , the equivalent volume o f  saliva could 

exceed 10 m l. Since the volume o f saHva in the mouth is  considerably le ss  

and since th e a c t iv ity  is  n o t removed by rinsing the mouth w ith w ater , one



41

99mmust postulate that either the TcO^ adsorbed on to the oral mucosa or

that it is  concentrated by the minor salivary glands. That the adsorption

on to the mucosa is  the m ore important factor is  suggested by the fa c ts ,

a) the activity in creases m ore slowly with tim e a fter  the tracer dose than

the uptake over the parotid or submandibular glands, b) its  appearance is

much delayed when saliva secretion  is  decreased by prior atropine

adm inistration, c) it is  not discharged by perchlorate. Furtherm ore,

we have shown that a sim ilar appearance can be obtained on scanning after  

99ma tracer dose o f TcCF is  contained in a mouth rinse.4

It is  w ell known that a fter  perchlorate administration the concentration 

o f iodine in saliva fa lls  (Rowlands et al 1953; Ferguson et al 1957;

Myant 1960; and Mason et al 1966b). This study shows as one might expect 

on theoretical grounds, TcO is  com pletely discharged from  the salivary  

glands by potassium  perchlorate. Negri and Pochin (1961) have previously  

claim ed, using a p ro file  counting procedure, that follow ing administration  

o f perchlorate, although a fa ll  in salivary radioiodine concentration 

occurred, the radioactivity was not discharged from  the salivary glands.

They fa iled  to find a sa tisfactory  explanation fo r  this observation. In 

the light o f the present work it  seem s likely that the isotope present a fter  

the perchlorate administration was not in the salivary glands but in the 

’mouth’ region. This activity is  unaffected by perchlorate administration  

at a tim e when the uptake over the salivary glands has fa llen  to background



le v e ls  (Figures I, 38 and 39).

The above studies have som e clinical im plications. Whitley et al

(1966) have reported visualisation  o f extracranial neoplasm s using 

99m
TcO . They found however that the thyroid, salivary glands and 

4

stomach might in terfere  with the visualisation of tumours in their vicinity.

99mPotassium  perchlorate by suppressing uptake o f TcO by these glands
4

might be o f value in tumour scanning i f  given prior to the administration  

o f the isotope. Scanning o f the neck o f patients with thyroid carcinoma 

is  o f value in detecting the presence o f residual functioning tumour 

tissu e or lymph node m etastases. U nless one is  aware that the salivary  

glands also concentrate technetium and iodine one may m istake salivary  

gland uptake fo r  tumour m etastases. Skanse et al (1961) have fo r  example 

reported a patient in whom the right submandibular gland was removed at 

operation having been mistaken fo r  a functioning thyroid tumour m etastases.

There are many situations where an assessm en t of salivary gland 

s iz e , position, and function would be o f value. Scanning has the advantage 

o f speed, little  inconvenience to the patient and minimal radiation dosage. 

Wider experience must be gained, however, b efore the p recise  ro le o f this 

technique in the investigation o f salivary gland function and d isease can 

be established.



SUMMARY

99m
Pertechnetate -  Tc is  concentrated by the salivary and thyroid 

glands in man. The uptake by the submandibular, parotid and thyroid 

glands can be quantitated using a radioisotope scanning procedure. At 

30 -  35 minutes the thyroid gland uptake was significantly higher than 

that o f any one salivary gland but the uptake by the four salivary glands 

frequently exceeded the thyroid uptake.

Potassium  perchlorate com pletely discharged the isotope from  the 

salivary glands.

Some radioactivity was present centrally in the 1 mouth* region and it 

i s  concluded that this was due, at le a st  in part, to adsorption o f the 

isotope onto the oral mucosa.

99m 131
Scans using TcO^ or I to locate tumours in this region must be 

interpreted in the light o f these findings.



4: “4:

C H A P T E R  7

AUTORADIOGRAPHY

Autoradiography is  a method by which the presence o f radioactive 

m aterial may be detected in a specim en o f tissu e or ce ll sample. The 

aim s o f this method are:~

1) to detect the presence o f the isotope.

2) to locate its  presence within a tissu e or cell.

3) to analyse with the aid o f h istochem ical technique the form  in 

which the radioactive label is  present.

The method consists essentia lly  of bringing the sample containing the 

radioactivity into juxtaposition with the photographic emulsion. The 

photographic em ulsion contains s ilver halide crysta ls imbedded in gelatin. 

These s ilver  halide crysta ls have som e 'im perfections' built into them called  

'sensitivity specks' or 'electron traps'. Energy7, which is  released from  a 

tissu e containing a radioisotope is  capable of breaking lattice bonds within 

the crysta ls and w ill set fr e e  negatively charged electrons. These electrons 

are trapped by the electron traps creating a fie ld  o f electronegativity  

around them. With the breaking o f the lattice bonds positively charged silver  

ions are set in motion also and these collect around the negatively charged 

electron traps and are reduced to m etallic silver. Any photographic crystal 

containing such silver  specks is  a crystal with a latent image which can be



developed to v isib ility  with ease. The m etallic silver  filam ents form  an 

irregular grain larger than the original crystal and these are the photographic 

'grains1 seen in a developed photographic negative under suitable 

m agnification (Lajtha 1961).

Conventional autoradiographic techniques have been applied to many

problem s since the pioneer work in the 1940's o f Leblond (1943) Gorbman and

Evans (1941) Doniach and P elc (1949). Much work has been carried out on

the localisation  and speed o f metabolic pathways in the thyroid gland using

isotopes o f iodine (Wollman and Wodinsky 1955). Here the iodide trapped

is  subsequently bound to protein and thus rem ains in its  site  of activity when

the tissue is  removed. In contrast, however, the iodide which is  also

concentrated by the salivary glands rem ains in the inorganic form . It

th erefore m oves quickly away from  its  in vivo position on rem oval o f the

salivary tissu e unless im m ediately frozen  and maintained in this state until

exposure to the photographic emulsion is  complete. Cohen et al (1955) have

described autoradiographic studies in the ham ster submaxillary salivary  

131gland using I and fr e e z e  drying the tissu e. This method was used  

su ccessfu lly  to lo ca lise  the site o f salivary iodide concentration to the 

distal ducts o f the ham ster. In the present study a new method described by 

Kintner (1965) fo r  the localisation  o f d iffu sib le  labelled substances has been 

used. The experim ents o f Cohen et al (1955) have been repeated in ham sters.



METHOD

The method is  based on the principle o f keeping the tissue and tissue  

fluid  contained within it solidly frozen  from  the tim e o f rem oval from  the 

intact animal until the exposure to the autoradiographic em ulsion is  

completed. If this is  not ensured sm all water soluble m olecules rapidly 

redistribute by d iffu sion  in all available water. The tissu e on rem oval is  

th erefore , im m ediately snap frozen  using CO  ̂(carbon dioxid^ snow and 

methyl alcohol. A ll apparatus and equipment used including emulsion  

plates, containers, lightproof paper, are kept in the cryostat at -20°C  

fo r  24 hours b efore use. Frozen sections lOp. thick are cut in the 

cryostat. The usual procedure o f flattening the frozen  section and making 

it adhere to the slide by using heat from  the fin ger tip cannot be applied here 

as the sections would m elt with subsequent d iffu sion  o f the iodide ions.

In order to avoid this complication the surface tension technique can be 

used.

Surface Tension Technique. This method represents a d ifferen t approach 

to tissu e em ulsion contact. The principle is  that the surface tension o f an 

evaporating organic solvent (ether) containing a trace o f adhesive (acrylic 

resin) maintains the section in position on the emulsion coated slide. Both 

section retention and subsequent water perm eability were satisfactory  when 

the acrylic resin  was su ffic ien tly  diluted by ether to give an 0.005% solution.



The f ir s t  stage was to cut about 6 frozen  sections in the cryostat 

at approximately -17 C. The cut sections w ere stored tem porarily on 

slid es coated with Saran F -  120 resin  (Dow Chemical Co.). The resin  

prevented the frozen  sections adhering to the surface o f the slide. All 

light was excluded except fo r  the red sa fe  light (Wratten ser ie s  1). The 

frozen  sections w ere then transferred  individually using a sharp metal 

probe to the emulsion coated sc ien tific  plates (Kodak V1056). Each 

section was flooded with a single drop o f acrylic resin  and ether (.005% 

solution). The drops w ere delivered from  a capillary pipette. Once 

on the emulsion at -17°C the ether evaporated in le s s  than 1 minute 

leaving the sections bound down by the acrylic resin . The vapourised  

ether was absorbed using a Petri dish o f activated charcoal which was kept 

in the cryostat. Then the emulsion coated sc ien tific  plate with the 

attached sections was put in a light-tight box and stored at below -40°C fo r  

the duration o f the exposure period. At the end o f this tim e the 

preparation was removed from  the box and placed directly in a gentle 

stream  o f 20°C air fo r  30 minutes in order to thaw and dry the tissu e sections. 

A fter this treatment the acrylic resin  held the tissu e in place throughout 

the subsequent processing o f the emulsion. A fter processing the removal 

o f  chem icals was a ffected  by prolonged rinsing in running water, 10 minutes 

after  the developer and 30 minutes a fter  fixing. The tissu e was then fixed  

with form aldehyde by im m ersing the whole preparation in a 10% aqueous



solution fo r  10 minutes. The form aldehyde did not v isib ly  alter auto­

radiographic im ages in the emulsion. A fter  a further 20 minutes water 

rin se , the preparation was dehydrated by passage through graded 

alcohols, cleared in xylo l, and mounted. For the unstained tissu e phase, 

contrast m icroscopy, and fo r  the autoradiographic im ages, conventional 

light m icroscopy with either light or dark fie ld  illumination can be used, 

The resu lts o f the experim ents using this technique are presented and 

discussed  in Chapter 25.



possib le complication o f salivary fistu la . In addition, because o f their  

sm all s iz e , which may be further decreased in som e d isease  sta tes, and 

their relationship to important neuro-vascular anatomical structures, 

needle biopsy is  unsatisfactory.

R ecently, however, in studies on children with fib rocystic  d isea se , 

Warwick et al (1964) have reported involvement o f the labial mucous 

salivary glands. Furtherm ore, Caiman and Reifm an (1966) have reported  

involvement o f the minor buccal glands in one patient with Sjogren’s 

syndrome and C ifarelli et al (1966) have described a patient with this 

condition in which the minor palatal salivary glands showed the 

characteristic Sjogren’s histopathology.

In a group o f patients with Sjogren's syndrome, labial gland b iopsies  

w ere examined to evaluate their u sefu ln ess in the clin ical assessm en t o f  

this condition. They w ere compared with two control s e r ie s , one o f  

patients with rheumatoid arthritis and another o f patients with non- 

rheumatoid polyarthritis.

The area biopsied is  shown diagram atically in Figure I, 42. This 

site  within the low er lip is  richly supplied with labial mucous glands which 

are in c lo se  proxim ity to the labial mucosa (Figure I, 43). Their normal 

appearance is  shown in Figure I, 44. The resu lts o f these studies are 

reported in Chapter 32.



C H A P T E R  8

BIOPSY AND MSTOPATHOLOGY

The histopathology o f the common pathological conditions a ffectin g  

the salivary glands and ducts -  obstructive, inflam m atory, neoplastic, are 

w ell described in standard pathology textbooks. Complete or partial, 

surgical rem oval o f d iseased salivary glands is  often  perform ed. In 

contrast biopsy o f the major salivary glands is  not a technique commonly 

employed. This is  because f ir s t ly , abnormal salivary gland conditions 

often  have a typical h istory and the diagnosis may be confirm ed by 

investigative procedures such as radiographic or sialographic methods. 

Secondly, i f  a neoplasm is  suspected it is  necessary  to surgically explore 

in any case and an im m ediate frozen  section technique may be employed 

at operation.

There are , however, som e le s s  common conditions a ffectin g  the 

major salivary glands which have recently been o f considerable in terest to 

many w orkers because o f a possible auto-immune aetiology -  Sjogren’s 

syndrome and M ikulicz’s d isease.

Where these conditions are suspected it would be o f considerable 

value to obtain a salivary gland biopsy. However, in the majority o f  cases  

th is cannot be justified  because o f the inconvenience to the patient and the



C H A P T E R  9

CHEMICAL ESTIMATIONS OF SALIVARY CONSTITUENTS

The follow ing salivary constituents w ere measured chem ically in various 

experim ents and te s ts  described in the present work. -

1) Iodine

2) Sodium and Potassium

3) Chloride

4) U ric Acid

5) Carbonic Anhydrase

1) IODINE

The method employed has been described and validated carefu lly  by 

Richmond (1962) and F arrell and Richmond (1961). It may be summarised  

as fo llow s

Chloric acid digestion destroys organic m aterial and oxidises iodine 

to iodate. Iodate in the digested residue is  reduced by arsenious acid and 

determined as iodide by its  catalytic e f fe c t  on the reduction o f eerie sulphate 

by arsenious acid.

Technique: To 0.2 -  0.5 m l o f saliva sample in a centrifuge tube add 5 ml

chloric acid with chromate. The tube is  then placed in the digestion apparatus 

and heated fo r  l%-2 hours at 160°C. Standards and a 0.5 ml water blank are



DA

trea ted  in the sam e way as th e  sam ples. A t the completion o f digestion  

approxim ately 0.5 m l o f  an am ber-coloured solution remains in the tubes. 

On cooling, the liquid becom es colourless and deposits red cry sta ls  o f  

chromium tr iox id e . Care should be taken to  avoid over-d igestion  and 

the consequent lo ss  o f  iodine; th is  is indicated by the appearance o f  a 

green colour, due to Cr+++ ion, in the residue.

Add 15 m l arsenious acid to  th e  cooled tubes and m ix thoroughly 

w ith the d igestion  residue by shaking. The tubes are then placed in a 

w ater bath  a t  37°C and th e con ten ts allowed to  stab ilize  fo r  10 to 15 

m inutes. 1 m l eerie  sulphate is  added to  th e  tubes a t  30  second 

in terva ls . Each tube is  carefu lly  shaken to  m ix theheontents. A fte r  

a s e t  t im e  (2 0 -4 0  m inutes) 1 m l brucine sulphate is added to term inate  

the reaction . The tubes are removed from  the w ater bath and allowed 

to  a tta in  room tem perature.

C olorim eter readings are normally taken 10 m inutes a f te r  brucine 

addition using a 4 2 0  mp f i l t e r .  A curve o f iodine content is p lo tted  

against ex tin ction  both fo r  th e standard and blank. A fresh  curve is 

constructed  fo r  each batch  o f  sam ples analysed. The resu lts  o f  

unknowns are read o f f  from  the calibration curve.

All iodine estim a tio n s  were perform ed in th e Iodine Laboratory, 

Gardiner I n s t itu te , W estern Infirm ary.



2. SODIUM AND POTASSIUM

Sodium and potassium  w ere m easured using a flam e photom eter  

(Evans E lectroselen ium ).

REAGENTS

Stock Standard Solutions

Stock standard so lu tions o f  sodium 120-150 m .e q /litr e . 

Stock standard so lu tions o f  potassium  3-6  m .e q /litr e .

A Stock Solution 58.5 g N aC l/1,000 m l = 1,000 m .eq/L . 

B Stock Solution 7.46 g K Cl/1,000 m l = 100 m .eq /L .

Mixed Stock Standards (Sodium)

m.eq N a /L itr e 120 130 140 150

m l. s to ck  soln . A 60 65 70 75)
)

25)m l. s to ck  soln . B 25 25 25

Diluted to  500 ml 
w ith ion fr e e  w ater

Working Standards 

Further d ilutions each 1 : 500

Mixed Stock Standards (Potassium )

m.eq K /L itre 3 4 5 6

m l. s to ck  soln . B 15 20 25 30)
)

m l. s to ck  soln . A 70 70 70 70)

D iluted to  500 m l w ith  
ion fr e e  w ater

Working Standards 

Further dilutions each 1 : 50



Sodium . The m ost satisfactory  dilution was determined experim entally. 

Normally the saliva sam ples w ere diluted 1 in 50 fo r  saliva collected  

during a resting  period and 1 in 200 fo r  stim ulated saliva. In som e cases  

however a dilution o f  1 in 500 was necessary  to obtain a reading on the scale.

P otassiu m . The m ost satisfactory  dilution was again determined experimenta 

but was found to be 1 in 200 fo r  m ost saliva sam ples.

METHOD

When carrying out se r ie s  o f determinations the appropriate standard 

solution was inserted  at frequent intervals to ensure the constancy o f the 

reading was being maintained.

The EEL fla m e  photometer is  a one cell instrument in which the 

galvanometer reading is  proportional to the concentration o f substance 

present..

The solutions o f standards and unknowns were sprayed fo r  30 seconds 

before the readings w ere accepted. Up to 30 seconds there may be a slight 

variable d ecrease  in the galvanometer reading. The readings remain 

stable a fter  this tim e up to 2 minutes. This was checked as a means of 

testing the photocell stability.

T hese standard solutions are the same as those normally used fo r  

serum and this was found to be an advantage a s, by varying the dilutions, 

serum sam ples could be estim ated in the same batch as the saliva samples.



METHOD OF SPRAYING

Ion fr e e  w ater was used throughout fo r  g lass washing, preparation 

o f standards, te s t  sam ples and zero setting o f the instrument. Routine 

laboratory gas supply at a p ressure o f 2 \  -  3M was employed together with 

com pressed air at 10 lb s /sq .in  Precautions were taken to allow adequate 

time fo r  warming up the instrument and to avoid blocking the atom iser jet. 

Appropriate standard f ilte r s  w ere used fo r  sodium and potassium. The 

150 m .eq /litre  sodium standard was sprayed and the instrument adjusted 

until there was alm ost a fu ll sca le deflection  - the galvanometer reading 

80 d ivisions. Each standard was then sprayed in turn and the galvanometer 

reading noted. A graph was prepared o f m .eqA itre against galvanometer 

reading. The diluted sam ple was sprayed and immediately a fter  each 

sample the two nearest standards to give readings just above and below the 

sample. The te sts  w ere read o f f  from  the graph, as in Figure I, 45. 

Potassium  was estim ated in the same way using the potassium filter . The 

6 m .eqA itre potassium  standard was set to 60 on the galvanometer scale  

and the sam ples sprayed as described before.

CALCULATION

Reading obtained fr o m  graph x  dilution o f  unknown = m. eqA itre.
dilution o f standard



3. CHLORIDE

Chloride was estim ated in saliva using the m ercuric nitrate method 

(Schales and Schales 1941).

When m ercuric nitrate is  added to a chloride solution unionized 

m ercuric chloride is  form ed. At the end-point, the f ir s t  excess o f  m ercuric 

ions g ives a bright purple colour with the indicator diphenylcarbazone. The 

titration should be carried out directly on diluted saliva rather than a 

protein fr e e  filtra te .

REAGENTS

M ercuric Nitrate Solution:-  20 ml. o f 2N nitric acid to 2 .9-3 g o f  

m ercuric nitrate with som e water in a 1 litre  flask . This was dissolved  

and then dil uted to one litre  with water. This solution is  stable and need 

not be protected fro m  light.

Indicator:- 100 mg diphenycarbazone (Eastman No. 4459) was dissolved in 

100 m l o f 95% ethanol. This solution was stored in the cold in  a brown 

bottle. The solution turns yellow on exposure to daylight and even in the 

cold and dark it lo s e s  its  colour a fter  2 months. . The solution was prepared 

fresh  monthly.

Chloride Standard. 584.5 mg NaCl dried at 120°C made up to one litre  

contains 10 m .eqA itre o f C l”. This was used to standardise the m ercuric 

nitrate.



Standardisation o f M ercuric Nitrate

2 m l portions o f standard NaCl solution plus one drop o f N ^ q 

HNO  ̂ w ere titrated with m ercuric nitrate from  a microburette calibrated 

to 0.01 m l a fter  adding 0.06 ml o f the diphenycarbazone. If a drop of 

N ^ j,q HNO  ̂ was not added a purple colour was obtained immediately on 

adding m ercuric nitrate thus giving a fa ls e  end-point. The solution at 

f ir s t  was brownish but on the addition o f m ercuric nitrate it became clear  

and on addition o f ex cess  m ercuric nitrate it  changed to an intense 

vio let-b lue colour.

Blank

Sim ilarly blank was perform ed with 2 ml distilled water, one drop 

o f 10% HNO and 0.06 ml o f indicator.
J

T est

0.2 m l saliva sam ple, 1.8 ml distilled water plus one drop o f 10%

HNOg and 0.06 m l o f the diphenycarbazone indicator were placed in a 

5 x 5/8"  te s t tube. The titration was carried out as described f  or the 

standard until the sharp change to v iolet denoted the end-point. The tests  

w ere carried  out in duplicate.

Titration fig u re  o f test -
^ r a t io n  figu re  o f Blank  x 100 = m -eq/litre
Titration figu re  o f  standard- chloride
Blank titration figu re



4. URIC ACID

The uric acid concentration was estimated in the saliva and serum  

by the standard Technicon Autoanalyser method. Using this method higher 

values are obtained compared to the uricase method and in 13 sam ples it was 

found that y = 0.33 + 1.17 x where x = value obtained using uricase method 

and y = value obtained with autoanalyser method.

5. CARBONIC ANHYDRASE

The Gloster (1955) m odifications o f the method o f  Krebs and Roughton 

(1948) was used. The estim ation was conducted at a temperature o f 25°C.

0.5 m l o f 0.02 sodium bicarbonate solution was placed in the side arm of a 

Warburg F lask  and 0.2 ml o f the saliva sample in 2.3 ml. 0.1 M Phosphate 

b u ffer  (pH 6.98) was placed in the fla sk  itse lf . In a control flask  0.2 ml 

distilled water was used in place o f the saliva. A fter 10 minutes 

equilibration the solutions were mixed and the amount o f produced was 

measured at minute in tervals on the manometer. Each test was carried out 

in duplicate, the mean value at the f if th  minute being taken as the enzyme 

activity. This was expressed in K /m l saliva (Mitchell et al 1945;

Altschule and Lew is 1949).
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P A R T  II

I N T R O D U C T I O N

This part is  concerned with studies o f  the chem ical composition  

of saliva. The physiology o f saliva secretion and its  composition in 

man is  review ed b r ie fly  in Chapter 10. Some o f the problems encountered 

in the studies and interpretation o f salivary constituents are discussed in 

Chapter 11.

Using ordinary chem ical methods it is  possible to m easure only a few  

constituents at the one tim e as to collect 1 ml. o f parotid saliva under 

te s t in g 1 conditions may take 30-40 minutes. Apart from  the salivary  

iodide concentration which is  described in detail in Part III, the following  

constituents o f  saliva have been studied.

1) Sodium, potassium  and chloride -  Chapter 12

2) U ric Acid - Chapter 13

3) Carbonic Anhydrase -  Chapter 14

The e f fe c t  o f varying parotid saliva flow  rate on sodium,potassium

and chloride concentrations has been demonstrated by several previous 

workers. The present study was undertaken to evaluate the methods used 

(Chapter 1, 2 , and 3) as w ell as studying the e f fe c t  o f flow  rate on the



salivary concentrations. U ric acid concentration in parotid and submandibular 

saliva was studied  to  provide a b ase-lin e  fo r  further studies in p a tien ts with  

gout, and the parotid  salivary carbonic anhydrase a c tiv ity  was studied a t  

d ifferen t flow  r a te s  because o f  i t s  in te r e st  in relation  to  the clinical 

problem o f  dental caries and as a fa c to r  in the form ation o f  calculus. No 

previous stu d ies o f  uric acid and carbonic anhydrase a c tiv ity  in separated  

parotid and submandibular secre tio n s a t  varying flow  rates have been reported.

In a ll th e se  t e s t s  the m ethods o f saliva collection , recording the pattern  

o f flow  and th e  mode o f  application o f  d ifferen t stim uli were carried out as 

described in Chapters 1 -  3.



C H A P T E R  10.

HUMAN SALIVA - GENERAL REVIEW.

The sa livary  glands o f  man co n sis t o f 3 pairs o f  large glands 

(parotid, submandibular, sublingual) and the sm aller glands (labial, lingual, 

p alatal, buccal). A ll s e c r e te  into the oral cavity and contribute to  the  

mixed saliva . Saliva has many im portant functions, none o f which are 

essen tia l fo r  l i f e .  I t  keeps the mouth w et, fa c il ita te s  speech, and 

lubricates food  fo r  chewing and swallowing. As i t  renders food substances 

soluble, saliva aids in the fu ll appreciation of ta s te  sensation. Human 

saliva contains the alpha-am ylase pytalin which, when mixed with food by 

chewing, begins th e  d igestion  o f starch . I ts  action continues as the food  

passes down into the body o f the stom ach. Saliva also secreted  in response  

to noxious substances d ilu tes them and helps to  cleanse the mouth. Its  

bicarbonate and phosphate content contribute to the buffering power o f  

saliva, which is  im portant in the neutralisation  o f  acids. The ra te  o f  

secretion  o f  individual salivary glands ranges from  barely perceptible during 

sleep (Schneyer e t  a l 1956) to  as high as 4 m l/m in on maximal stim ulation . 

Although severa l standard textbooks s ta te  th a t the to ta l daily salivary  

volume is  1 -  1.5 l i t r e s  the experim ental evidence fo r  th ese  figures is  lacking.



The m easured daily volume o f  saliva in two p atien ts  w ith oesophageal 

fis tu la e  was 500 m l (McKeown and Dunstone 1959). Jenkins (1966) 

suggested  620 m l. a s being a m ore r e a lis t ic  e stim a te  based partly  on 

data o f B ecks and W ainwright (1943). As there is  considerable variation  

in flow  r a te s  betw een individuals especially  under 'resting' conditions 

(Becks and Wainwright 1943, Kerr 1961) there will also be a large range 

fo r  the norm al daily m ixed saliva volume. The sp ecific  gravity o f  saliva  

varies betw een  1,000 and 1,010 and increased with increasing ra te  o f flow  

(Kerr 1961). The o sm o tic  p ressure is  between one half and three quarters 

th at o f blood (W ilsm ore 1937). The v isco s ity  o f  saliva depends upon the  

contribution o f  th e th ree  main glands to  the saliva form ed. The rela tive  

v isc o s it ie s  o f  th e  th ree  main glandular secretions a fte r  a cetic  acid 

stim ulation  w ere found by Schneyer (1955) to be parotid 1.5, submandibular 

3.4 and the sublingual 13.4 cen tip o ises. He (Schneyer) points out th at  

the v isc o s ity  is  d irectly  proportional to  th e  percentage o f  mucus 

secretin g  ce lls  in th e se  individual glands.

SaHvary Glands and Flow Rate

M ost saliva is  secre te d  by th e  three pairs o f large glands -  the  

parotid , th e  submandibular, and the sublingual. The parotid glands are 

serous glands which s e c r e te  fluid devoid o f  mucin - th e  submandibular 

glands are o f m ixed type containing both serous and mucous cells; the  

sublingual contains m ainly mucous ce lls . The secretion  o f these glands



are collected  in ducts whose complex histological appearance supports 

’ the conclusion based on physiological evidence, that they take an active 

part in the elaboration o f  saliva. The three pairs o f glands receive a 

double nerve supply from  the sympathetic and parasympathetic system s. 

The sympathetic innervation o f post-ganglionic fib res  come from  the 

superior cerv ica l ganglion to all three pairs o f glands. These fib res  are 

all adrenergic, liberating noradrenaline and they are distributed both to 

blood v e s s e ls  and to secretory ce lls . Stimulation o f these fib res  causes 

vaso-constriction  and scanty secretion. Pre-ganglionic parasympathetic 

innervation reaches the glands from  the cranial outflow in the medulla 

oblongata by way o f  the glossopharyngeal and in the chorda tympani branch 

of the fa c ia l nerves. These fib res  synapse in or close to the glands.

Their post-ganglionic f ib r e s  are distributed to both secretory ce lls  and 

blood v e s s e ls  within the glands. Their stimulation causes vasodilation  

and secretion. These f ib res  are mediated by acetylcholine and the 

injection o f parasympathomimetic drugs, e.g. pilocarpine, causes the same 

response. Atropine administration blocks the e f fe c ts  o f acetycholine on 

the secretory c e l ls ,  and causes a dry mouth. All salivary secretion in 

man, with the exception o f 'paralytic* secretion is  a response to nerve 

im pulses (Davenport 1961).



In addition to  the secre tio n  produced by the three pairs o f  large 

glands, th ere  is  a contribution by the sm aller glands o f  th e oral mucosa

i.e . lab ial, lingual, buccal and palatal mucous glands. Their rela tive  

contribution has been estim a ted  as varying from  about 30-43%

(Schneyer 1955). The secre tio n  o f all glands, major and m inor, d iffer  in 

com position , and th e ir  re la tiv e  contribution to  the mixed saliva presen t 

in the mouth varies w ith the conditions. For example, th e submandibular 

produces the g r e a te s t  flow  under 'restin g ' conditions. When stim u lated , 

however, the parotid  g ives a proportionately higher response than the  

submandibular (Schneyer and Levin 1955 and Kerr 1961). The composition  

o f the saliva produced from  any one gland varies -with the ra te  o f  flow  

which i t s e l f  varies w ith  th e  type and in ten sity  o f  th e  stim ulus (Dawes 

and Jenkins 1964).

Chemical C om position.

The com position  o f  mixed saliva varies greatly  in d ifferen t  

individuals and in the sam e individual under d ifferen t circum stances.

For th ese  rea so n s, th e r e fo r e , figu res fo r  the com position o f  normal 

mixed saliva show wide ranges. Pavlov (1897) from  his work in dogs 

reported a relationship  betw een the nature o f the stim ulus and the type 

o f saliva se c r e te d , e .g . dry food produced a w atery secretion  and m eat  

elic ited  a secre tio n  rich in mucoid. It was also noted by P ickerill (1912)



th at acid stim u la ted  human saliva was alkaline. I t  has been widely 

believed sin ce th a t the type and com position o f  saliva secreted  

depended upon th e nature o f  the stim ulus. Dawes and Jenkins (1964) 

in vestigated  th is  point by studying the e f f e c t s  o f  varying flow  ra te  

on the pH and concentration  o f  calcium , inorganic phosphate, sodium, 

potassium , am ylase, protein  nitrogen and s ia lic  acid in separated  

parotid and submandibular saliva. The concentration o f  a ll th ese  

con stitu en ts was found to be dependent only on th e ra te  o f  flow  and 

not on the nature o f the stim ulus except for  am ylase. In parotid  

saliva a t flow  r a te s  g rea ter  than 1 m l/m in, the am ylase concentration  

was higher when salt-contain ing stim u li were used.

No com plete tab les o f  values are available fo r  the com position  

o f  separate salivary secre tio n s. In Table II, 1 resu lts  derived from  

the data o f  sev era l workers as w ell as som e from  th e  presen t studies  

are recorded fo r  certa in  con stitu en ts o f parotid saliva. I t  is  apparent 

th a t considerable d ifferen ces  are presen t in th e  concentration o f  many 

salivary co n stitu en ts  when ’restin g ' and stim ulated  values are compared. 

For example sodium , chloride and bicarbonate concentrations are  

increased a t  high flow  r a te s  whereas inorganic phosphate and uric acid 

are reduced. The p otassium  concentration remains rela tively  constant. 

S ystem atic  variation  in th e  com position o f secretion  according to the  

rate  o f  flow  is  ch a ra cter is tic  o f  a ll d igestive glands. Three general 

types o f explanation are given (Davenport 1961) -



1) The com position  o f  the secretion  as i t  is  extruded from  the  

acinar ce lls  may i t s e l f  be variable.

2) The secre tio n  as co llected  may be a m ixture o f  two or more 

ju ices , each secre te d  a t  constant composition but a t  d ifferen t  

r a te s  by d is t in c t ce lls . This idea explains why in th e case o f  

m ixed glands such as the submandibular, samples o f saliva may 

contain g rea tly  d iffer in g  amounts o f  mucin, fo r  mucin is secreted  

by one c e ll type only, while the aqueous components are secre ted  

by th e serous ce ll.

This principle is  w ell illu str a ted  by the g astr ic  secretion .

3) A prim ary secre tio n  from  the acinar ce lls  a t  constant composition  

may subsequently be acted  upon by other ce lls , e.g. those o f the 

d u cts .

This la t t e r  theory o f salivary secretion  which postu lates a primary 

secretion  undergoing secondary equilibration across the salivary ducts 

is  the m o st coherent explanation o f  salivary secretion  so fa r  presented. 

The sa livary duct sy ste m  is  dem onstrated and described in d eta il in 

Figure II, 1. The 'str ia ted ' or intralobular ducts are thought to  be the 

m ost a c tiv e  in m odifying the com position o f  saliva. Much evidence 

supports the im portant role o f  these ducts in the form ation of saliva



and th e  follow ing is  a b r ie f  review .

The ce lls  o f  th e ducts are h isto log ica lly  much m ore com plex than 

m erely conducting ce lls  need be. In certain  areas they have been shown 

to have sp e c if ic  fu n ction s. Many animals studied have been found to have 

a duct segm ent sp ecia lisin g  in w ater and e lec tro ly te  m etabolism  and 

stru ctu ra lly  th is  segm ent is  s im ilar to  the convoluted tubules o f  the 

kidney (Junqueira 1964). E lectron  m icroscopic stud ies have dem onstrated  

plasma membrane infoldings a t  the base o f these cells which suggest their  

participation  in w a ter  and ion transport. A lso , m icrovilli a t  th e luminal 

su rface are prom inent, indicating absorptive and secre to ry  a c tiv ity  

(Tandler 1963).

131When rad ioactive iodine I is present in the blood, the ce lls  o f  the

ducts accum ulate i t  and s e c r e te  iodine in high concentration into the

131saliva. The accum ulation o f I within the cells o f the ducts can be 

dem onstrated  by autoradiography (Cohen e t al 1955, Logothetopoulos and 

Myant 1956a). The sa livary  gland iodide clearance, i.e . the number o f m is. 

o f  blood from  which iodide is removed in one m inute is a lm ost equal to  the 

to ta l blood flow  through th e  whole gland (Burgen and Seeman 1957). This 

means th a t the sam e blood m u st flow  p ast both the ducts and th e  acinar 

cells  in s e r ie s . There is  som e evidence th a t the blood flow  is  

cou n ter-cu rrent, i .e .  th e  arter ia l blood passes f i r s t  to  capillaries



surrounding th e  ducts and then passes by way o f  a p orta l sy stem  to  a 

second s e t  o f  cap illaries around the acinar ce lls  (Burgen and Seeman 1958, 

Zimmermann 1898, and F lin t 1902-3).

The d iffu sion  gradient o f  sodium across the ducts is in the d irection

from  plasm a to  duct and n e t m ovem ent o f  sodium occurs in th a t d irection

24
(Burgen and Seeman 1958). I f  radioactive Na is  injected into the 

carotid  a r te r ie s  supplying an active ly  secretin g  parotid gland i t  appears 

in saliva w ithin f iv e  seconds. A f te r  subtracting the circulation t im e  o f  

1-2 seconds, and th e  dead space tim e in collecting ducts o f  1-2 seconds, 

the actual tr a n s fe r  tim e  from  blood to  saliva is  calculated to  be le ss  than 

three seconds. Considering the dimensions of the salivary glands, th is  

could only be achieved in such a short tim e i f  sodium was tran sferred  

from  blood to  saliva w ithout passing through the acinar ce lls . The 

s im p lest explanation would appear to  be th a t sodium moves along i t s  

diffusion gradient from  a rter ia l blood into the ducts. However, i t  

en ters th e  ducts m ore slow ly than the potassium  leaves them . This 

fa c t  su g g ests  a te n ta t iv e  explanation fo r  the hypotonicity o f  the parotid  

saliva fo r  rapid ex it  o f potassium  and slow er entrance o f sodium would 

leave a sm aller  m ass o f  o sm otic  m ateria l within the ducts. I f  the  

ducts are re la tiv e ly  im perm eable to  w ater, their contents would be 

hypotonic. P ostu la tion  o f  th e  re la tive  im perm eability o f the ducts to  

w ater is  required by any theory o f parotid salivary secretion . The



fa c t  th a t  sa liva  passing through th e ducts rem ains hypotonic has to  

be explained. H ow ever, i t  appears th a t th e  perm eability o f  the ducts 

to  ions and w ater in creases as the ra te  o f  flow  o f saliva increases  

(Burgen and Seeman 1958). I t  would appear, th ere fo re , th a t the duct 

ce lls  are a lm o st as im portant as th e acinar cells in the transport o f  

sa livary  co n stitu en ts  (Davenport 1961).

Several new m ethods have been used recently  to  study th e  actions  

o f  the duct c e lls  m ore fu lly :-

A) The stop  flow  technique in which the mouth o f  the duct is  closed  

and the secre tio n  is  not allowed to escape from  the duct fo r  several 

m inutes. The secre tio n  is  then co llected  a f te r  re lease  in ser ia l 

fra c tio n s  so th a t flu id  in the d is ta l, middle and proximal parts can 

be analysed sep ara te ly , and the e f f e c t  o f  each part o f the duct can 

be e s tim a ted  (Henriques 1961).

B) E stim a tio n  o f  th e sodium and potassium  concentration o f  saliva  

in anim als has been made where the duct cells have been se lec tiv e ly  

poisoned w ith  m ercuric chloride (Henriques 1962).

C) In som e an im als, e.g . the r a t , the acini are known to be in su ffic ien tly  

developed to  be functional until some weeks a f te r  b irth . Secretions  

co llected  b e fo re  th is  age, th erefo re , represent duct flu id . By th is  

m ethod i t  has been shown th a t the ducts secre te  a t ra tes  sim ilar to  those



of the acini per unit weight o f  tissu e (Jacoby and Leeson 1959).

The relationship o f the concentration o f a salivary constituent 

to its  concentration in the plasm a is  an important aspect which has been 

investigated m ainly in anim als. In dogs, changes in blood calcium  have 

been found to cause a corresponding change in salivary calcium , whereas 

the injections o f potassium , sodium and chloride cause little  change in 

salivary com position. The salivary glands are therefore selective in 

transferring ions from  the blood to the saliva. Little work on this 

aspect has been carried  out in humans.

It has been shown in the sheep parotid gland (Denton and McDonald 

1956, Coats and Wright 1957) and in man (Dreizen et al 1952, Grad 1952) that 

adrenocortiocosteroids and adrenocorticotrophic hormone (A.C.T.H.) 

cause a low ering o f salivary sodium, but little  change in salivary potassium. 

The potassium  concentration o f saliva is  usually four to f iv e  tim es that 

of the blood plasm a. The sodium concentration varies between one third 

and one fifteen th  that o f the plasma according to flow  rate (Dreizen e t a l  1952). 

This would suggest that saliva is  not a passive filtration from  the blood, 

but that active p ro cesses  exert a selective action, and they are influenced  

by adrenocorticosteroids. No other hormone e f fe c ts  in saliva appear to 

have been established.
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I t  is apparent, th e r e fo r e , th a t th e  to ta l a c tiv ity  o f  salivary  

glands is  ex trem ely  com plex -  n ot only w ith regard to  specia lised  

cellular fu n ction , but also as related  to their interdependence w ith other  

organs and h o m eo sta tic  sy ste m s (Tamarin 1964).
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. C H A P T E R  11

PROBLEMS ENCOUNTERED IN ANALYSIS OF 

SALIVARY CONSTITUENTS

In recen t years numerous stud ies o f -Hie salivary con stitu en ts have 

been made in both dental and m edical disorders. There are many p itfa lls  

in the in vestiga tion s o f  th e  com position o f sa liva, som e o f  which have already 

been m entioned in Chapters 1 , 2 , 3  and 10. In th is  chapter som e o f  the  

common problem s which a r ise  in the study o f  the concentration o f the 

con stitu en ts  o f  sa liva  and which have been encountered in the presen t studies  

w ill be d iscu ssed  and illu s tr a ted  by examples. They w ill be considered  

under the follow ing headings:

1: V ariations in the concentration o f  salivary con stitu en ts w ith
flow  ra te .

2: V ariations in th e concentration o f  salivary con stitu en ts with
plasm a le v e ls .

3: V ariations in the con stitu en ts o f saliva co llected  from
d iffe r e n t  glands.

4: Diurnal variations.

1: V ariations in th e  concentration o f salivary con stitu en ts w ith flow  r a te :

The sa livary  flow  r a te  varies from  p atien t to  p a tien t, and in one 

p atien t follow ing various stim u li. M easurement o f the flow  ra te  is  

im portant sin ce  i t  is  w ell recognised th a t the concentration o f many of
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the salivary co n stitu en ts  varies with flow  ra te . For exam ple, the sodium  

and chloride concentrations r ise  with increase in flow  r a te , whereas the 

potassium  concentration  rem ains rela tively  constant (Chapter 12). On 

the o ther hand, th e  sa livary  iodide concentration decreases w ith  increasing  

flow  r a te  (Chapter 17). T hese fa c t s  have clin ical im plications, two o f  

which w ill now be d iscussed.

A A typ ica l s e t  o f  r e su lts  fo r  sodium and potassium  in parotid saliva  

are shown in F igure II , 2. A ldosterone has an e f f e c t  on the concentration  

o f  sodium and potassium  in sa liva , the concentration o f  sodium tending to  

fa ll ,  and th a t  o f  potassium  to  r ise  (Simpson and T a it 1955). M easurement 

o f  th e  sod ium /potassium  ratio  may th erefo re  be o f value in the diagnosis 

o f  adrenal d isorders including hyperaldosteronism , Cushing’s syndrome 

and Addison's d isease  (Frawley and Thorn 1951), th e  ratio  being re la tiv e ly  

independent o f  d ietary  changes (Pawan 1955). R esu lts m u st, how ever, 

be in terp reted  w ith  caution i f  flow  ra te  is  not known. This is  especia lly  

so as th e  la r g e st  contribution to  changes in th is ratio  are the changes in  

the sodium concentration  (Prunty and McSwiney, 1957). Thus Pawan (1955) 

has su ggested  th a t  a ratio  o f  0.08 is  ch aracteristic  o f  Cushing's syndrom e, 

but as th ese  r e su lts  show, (Figure II , 2) such values may occur in n o rm al 

p atien ts a t  low sa livary  flow  r a te s . Sim ilar considerations apply to  the  

m easurem ent o f  sa livary  e le c tr o ly te  concentrations in patien ts w ith  

fib ro cy stic  d isea se  in which condition increased sodium and chloride lev e ls



have been rep orted  (Barbero and Chernick 1958, Di Sant'Agnese 

e t  a l 1958).

B Iodide is  concentrated  in saliva and the salivary iodide has been 

suggested  as a possib le m easure o f the plasma inorganic iodine (PII) 

concentration  (Vought e t  a l 1963), a quantity too sm all to be measured  

directly . In p ra c tic e , however, th is  method gives poor resu lts  due 

mainly to  th e  variations in salivary iodide concentration w ith flow  ra te

(Chapters 17 and 26, pages 113 and 163). Sim ilarly th e ratio  salivary

131 131
i /  plasm a protein  bound I which has been suggested  as an index

o f  thyroid function  is  u n sa tisfa c to ry  because o f  the variations in the

num erator due to flow  ra te .

The sa livary  flow  ra te  can be calculated i f  the volume o f  the 

saliva and th e  duration o f  the collection  period are recorded. This 

assum es th a t the flow  ra te  rem ains constant throughout the collection  

period. The flow  ra te  may vary w ith several fa c to rs  such as 

application o f  the stim u lu s, and under som e circum stances i t  may 

be desirable to  m onitor the p attern  o f  salivary flow  using a mechanical 

device such as th e p h o to -e lec tr ic  drop recorder described in Chapter 2. 

Mixed saliva cannot be m onitored in th is  way, and m easurem ent o f  

volume may be inaccurate due to  incom plete collection .
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2: V ariations in the concentration  o f  salivary con stitu en ts w ith
plasm a le v e ls .

The relationship  betw een the concentration o f  a substance in saliva

and i t s  concentration  in plasm a should be studied. Iodide is an example

o f  a sa livary  co n stitu en t like calcium  (Andreyev and Pugsley, 1933) and

bicarbonate (De B eer and W ilson, 1932) whose concentration is  dependent

on i t s  concentration  in th e  plasm a. Salivary levels can be in terp reted ,

th ere fo re , only i f  th e  plasm a iodide (PII) concentration is  known. As

the PII r is e s  th e  concentration  o f  iodide in the saliva r is e s , but the sa liv a /

plasma iodide ra tio  rem ains re la tive ly  constant. Table II, 2 illu s tr a te s

th is  in one p a tien t studied  a t four PII levels following adm inistration o f  

iodide supplem ents.

3: V ariations in th e co n stitu en ts  o f saliva co llected  from

d iffe r e n t  glands.

The com position  o f  saliva and the volume contributed from  d ifferen t  

glands varies. One problem in using whole saliva is th at the volume 

contributed by th e  individual glands varies w ith flow  ra te , over 65% o f  

the saliva co llec ted  under 'restin g 1 conditions being submandibular but on 

stim ulation  th e  parotid  gives a proportionately higher response than the  

submandibular (Schneyer and L evin, 1955, K err, 1961). A ccurate m easure­

m ent o f  flow  r a te  o f  m ixed saliva is  not th erefore  possible. M oreover, a 

dry mouth resu ltin g  from  removal o f  the saliva is  a stim ulus to  fu rth er  

saliva se c r e tio n s , making basal co llection  d iff ic u lt . The chemical compositioi



o£ parotid  and submandibular saliva d if fe r s . For exam ple, iodide, like  

phosphate (Dawes and Jenkins 1964) is  m ore concentrated in parotid  than 

in submandibular sa liva . The mean iodide secretion  under conditions o f  

minimal stim u la tion  is  0 .62p.g/h r  in parotid  saliva , and 0 .2 7 /ig /h r  in 

submandibular sa liva  (Chapter 23). On th e other hand, submandibular 

saliva contains a higher concentration o f calcium  than parotid  saliva  

(Dawes and Jenkins 1964).

I t  w ill be apparent from  th e  above th a t where accurate reproducible 

estim ation s o f  a sa livary  con stitu en t are required, pure parotid , 

submandibular, o r  sublingual saliva collections are necessary .

Saliva can b e  co llec ted  re la tiv e ly  easily  f ro m  the p a ro tid  gland using  

a two 'chamber co llectin g  device held in position  over th e 'duct o r if ic e  by 

air suction  (Chapter 1, page 3 ). The secretion  o f  th e  subm andibtjlar 

gland i s ,  how ever, m ore d if f ic u lt  to  obtain, and a  segregator appliance 

m ayb e used. (Schneyer 1955) as described in C hap ter 1, or a  polyethylene  

ca th eter  can b e  in se r te d  into the duct o r ific e  (Kerr 1961). B o th  m e th o d s 

have disadvantages a s  previously d iscussed  (page 5 ), even when th e  o p e ra to r  

is  p ractised  in th e  m ethod. In certa in  circu m stan ces, e .g . where th e  d e n ta l 

environment i s  being a s se ss e d , mixed saliva is  usually co llected .
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4. Diurnal variations in the concentration o f  salivary co n stitu en ts .

When saliva is  to be co llected  a t  varying tim es o f  th e day i t  is  

im portant to  know w hether the concentrations o f  the con stitu en t under 

study is  subject to  diurnal variations. O therwise the tim e o f  collection  

of the saliva should be r e s tr ic te d  to  the same tim e each day. Diurnal 

variations have been m o st clearly  dem onstrated with regard to sodium, 

the h ighest concentration  occurring in th e  morning on rising (Grad 1954; 

Pawan 1955). This may be rela ted  to the diurnal variations in A.C.T.H. 

There i s ,  how ever, no in form ation  as to possible diurnal variations in the  

concentration o f  many o f  the salivary con stitu en ts.

SUMMARY.

When studying and in terp retin g  the significance o f  the concentration  

o f a sa livary  co n stitu en t, i t  is  usually necessary to consider:

1. The varia tion  in the concentration o f the con stitu en t w ith ra te  o f  

flow  o f  sa liva .

2. The re la tion  betw een  th e  concentration o f  the con stitu en t in the  

saliva and i t s  concentration  in the plasma.

3. The m ethod o f  saliva co llection .

4. Po s sib le diurnal var ia tio n s.



The im portance o f  th ese  points has been dem onstrated with regard 

to certa in  sa livary  co n stitu en ts  and in various situations where 

m easurem ent o f  sa livary  con stitu en ts  has been said to be o f p ractica l 

value.
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C H A P T E R  12

STUDIES ON SODIUM, POTASSIUM AND CHLORIDE 

IN HUMAN PAROTID SALIVA

Several thorough investigations have been carried out on the 

concentration o f sodium , potassium  and chloride in parotid and 

submandibular saliva at varying flow  rates (Thaysen et a l, 1954,

Hildes 1955, Shannon and Prigm ore, 1960, Dawes and Jenkins 1964). These 

studies in general show that the concentrations o f sodium and chloride 

increase with salivary flow  rate, whereas the potassium concentration 

rem ains rela tively  constant.

In the present work, preparatory base-line studies were carried  

out on normal subjects in which parotid salivary concentrations o f sodium, 

potassium and chloride w ere estim ated at varying rates o f  flow .

METHODS:

Ten norm al subjects age range 22 to 65 years; 5 m ales and 5 fem ales  

were studied. The subject was seated comfortably in a dental chair. 

t e s t in g 1 saliva was collected  fo r  a period o f 30 m inutes, followed by a 

5 minute sam ple using fru it gum stimulation and fin a lly  a 2 minute sample 

with lem on juice stimulation.



RESULTS

These are shown in Table II, 3. In the ten subjects the sodium

concentration ro se  with in crease in flow  rate from  a mean o f 6.9 -  SEM

1.3 m .eq /1  at low flow  ra tes , to a mean o f 64.8 -  3.1 m .e q /l  at high flow

+
rates. S im ilarly , the chloride concentratisn rose from  a mean 20.7 -  

0.9 m .eq /1  at low flow  rates to a mean concentration o f 32.7 -  2.3 m .e q /l

at high flow  rates. The potassium  concentration however showed little

+ + 
change from  a mean o f  20.4 -  1.1 m .eq/1  at low flow  rates to 20.9 -  0.8

m .eq/1 at high flow  rates.

DISCUSSION

These resu lts  in general are sim ilar to those previously reported by 

other w orkers (Thaysen et al 1954, Hildes 1955, Hildes and Ferguson 1955, 

Shannon and Prigm ore 1960, and Dawes and Jenkins 1964). The sodium and 

chloride concentrations show a linear relationship with flow  rate. Even at 

high flow  rates their concentrations in saliva are considerably below the 

plasma level. In contrast the potassium  concentration rem ains relatively  

constant being about f iv e  tim es the plasma level at all the flow  rates studied. 

These findings cannot th erefore be accounted fo r  by a sim ple theory such as 

diffusion  o f  the substances from  the plasma and subsequent water reabsorption 

from  the ducts. A probable explanation o f these changes in concentration 

with varying flow  rates is  that the salivary ducts are not m erely conducting 

tubes, and that the prim ary secretion  of saliva by the acini is  altered as it
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passes along the salivary ducts as d iscussed in Chapter 10 page 66 *

A diagramatic explanation from  the resu lts o f Burgen and Seeman1 s isotope 

experiments in dogs is  depicted in Figure II, 3, a fter  Davenport (1961).

The secretion  extruded from  the acinar ce lls  at a constant composition 

has a high concentration o f potassium  and a low concentration o f sodium. 

Subsequently changes occur across the duct ce lls . A large amount of 

potassium p a sses  out and sodium p asses into the duct lumen from  the 

arterial blood in the adjacent capillaries. Smaller amounts o f sodium pass 

out o f the ducts and sm all amounts o f potassium  pass in. The large amounts 

of potassium  passing into the counter-current capillary system  are then 

circulated to the acini and this accounts fo r  the high level o f potassium  

secreted by the acini (Burgen and Seeman 1958). The ducts appear to be 

relatively im perm eable to w ater, the content o f the saliva being hypotonic.

The perm eability o f  the ducts to ions and water appears to increase as the 

rate o f salivary flow  in creases. T herefore, at high rates o f  secretion, 

the sodium concentrations o f saliva approach those of the plasma. Evidence 

has been presented that chloride and water are reabsorbed after the fluid  

leaves the acinar c e lls  (Yoshimura et al 1962, Miyoshi, 1963, Henriques 

1961 and 1962).

A somewhat d ifferen t explanation is  suggested by Chauncey and Shannon 

(1965). They state that sodium, potassium  and chloride are probably 

secreted by acini a fter  p assive d iffusion  from  the plasma. Impermeability



of the duct c e lls  in the dog to potassium  has been demonstrated (Chauncey 

et al 1962) but reabsorption o f sodium, chloride and water occur and this 

explains the increased  sodium and chloride le v e ls  found at higher flow  rates 

as there is  le s s  tim e fo r  reabsorption to occur. They suggest the 

relatively constant high potassium  lev el at all flow  rates is  the resultw  

of active acinar transport o f  potassium . Shannon et al (1962) had previously  

suggested active secretion  o f potassium  by duct ce lls . Further work is  

obviously n ecessary  fo r  a complete understanding o f the m echanism s 

underlying the secretion  o f  salivary electrolytes.

SUMMARY

Sodium, potassium  and chloride concentrations were measured in 

parotid saliva o f ten normal subjects, collected at varying flow  rates.

The sodium and chloride concentrations were directly related to flow

+
rate. The sodium concentration increased from  a mean o f 6.9 -  1.3

+
m .eq/1 at low flow  rates to a mean o f 64.8 -  3.1 m .eq/1  at high flow  rates. 

Sim ilarly, the chloride concentration rose from  20.7 -  0.9 m .eq /1  at low  

flow  rates to a m ean o f  32.7 -  2.3 m .eq/1  at high flow  rates, whereas the 

potassium  concentration remained relatively constant.
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C,HAPTER 13

THE INFLUENCE OF FLOW RATE 

ON THE CONCENTRATION OF URIC ACID 
IN HUMAN PAROTID AND SUBMANDIBULAR SALIVA

Although it was suggested more than 25 years ago that estim ation o£ 

the uric acid concentration in saliva might be a better index o£ uric acid 

production in the body than its  concentration in blood or urine (Kallos, 1939, 

Maupetit 1933), few  studies have been made o f this constituent o£ saliva.

One recent review  contains no referen ce to uric acid concentration in saliva  

(Burgen and Em m elin 1961), and in another, it is  wrongly concluded from  

the evidence cited that stimulation o f the saliv ary secretion resu lts in an 

increase in uric acid concentration (Afonsky 1961). The concentration o f 

uric acid in mixed saliva has been reported as ranging from  0.5 to 20.6 

m g/100 m l (Kallos 1939, Maupetit 1933, Updegraff and Lewis 1924, M orris 

and Jersey 1923, Sorensen 1959), and in the only study in secretions from  

an individual gland the concentration o f uric acid in the parotid saliva collected  

with p a ra ffin  wax stim ulation was found to range from  0.9 to 5.5 m g/100 ml. 

(Hawkins et al 1963).

In th is chapter the resu lts  o f uric acid determination carried out in 

parotid and submandibular saliva collected at varying flow  rates w ill be 

reported.
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MATERIALS AND METHODS

Six subjects (age range 3 8 - 6 3  years) and consisting o f three m ales 

and three fem a le s  w ere studied. They included convalescent patients 

who had volunteered fo r  the studies, and m em bers o f the hospital s ta ff .

None had gout or other disturbance o f uric acid metabolism. In f iv e  

subjects, parotid saliva was collected and in four subjects, submandibular 

saliva was collected  (Chapter 1). Saliva was obtained at varying flow  rates, 

using d ifferen t stim uli ( C h a p t e z s 2  and 3 ) .  The graded response relative  

to the d iffere n t stim uli employed is  shown in Table II, 4. The stim uli were 

applied in random order. Flow rates varied from  0.05 m l/m in with minimal 

stimulation to 2.40 m l/m in  a fter  lemon juice fo r  parotid saliva, and 0.01 

m l/m in to 1.40 m l/m in  fo r  submandibular saliva. Each stimulus was 

continued until at lea st 2 ml o f saliva had been collected. A 10 cc sample 

of serum was obtained in each patient.

The uric acid concentration was estimated in the saliva and serum  by 

the standard Technicon Autoanalyser method as described in Chapter 9.

Using this method, higher values were obtained compared to the uricase  

method, and in thirteen sam ples it was found that y = 0.33 + 1.17 x where x = 

value obtained using u ricase method, and y = value obtained with autoanalyser 

method.
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RESULTS

The resu lts  are shown in F igures II, 4 -  II, 9 and Table II, 5. Both 

with parotid and submandibular saliva , the uric acid concentration was 

inversely related to flow  rate. A straight line relation was obtained when 

log (vol/m in) was plotted against log (uric acid concentration) at all flow  

rates studied.

The uric acid concentration in the parotid saliva o f f iv e  patients, each 

studied at d iffere n t flow  ra tes, is  shown in Figures II, 4, 5, 6 and 8, 9.

At low flow  rates o f  from  0.05 to 0.17 m l/m in  the uric acid concentration 

ranged fro m  3.1 to 5.2 m g/100 m l, mean 4.0 -  SEM 0.43 m g/100 ml 

(Table II, 5). A s the flow  rate ro se , the concentration o f uric acid f e l l  to 

le s s  than h a lf the concentration at low flow  rates. At high flow  rates 0.75 -
- J -

2.40 m l/m in , the mean uric acid concentration was 1.7 -  0.28 m gs/100 ml.

As the relation  between flow  rate and uric acid concentration was logarithm ic, 

the concentration f e l l  m ost rapidly over the f ir s t  part o f the curve.

F igures II, 4 , 5 and 7, 8, show the relation between uric acid 

concentration and flow  rate in submandibular saliva. At 'resting1 flow  rates  

of from  0.10 -  0.22 m l/m in  the uric acid concentration ranged from  2.1 to

4.0 m g/100 m l, mean 3.3 -  SEM 0.46 m g/100 ml. (Table II, 5). With increasing



flow rate, the uric acid concentration f e l l  to le s s  than half the value at low 

flow rates in all subjects. At high flow  rates o f 0.60 - 1.40 m l/m in. the 

mean uric acid concentration was 1.3 - 0.12 m gs/100 ml.

The correlation  co e ffic ien ts  between log (vol/min) and log (uric acid 

concentration) are shown in Table 11, 6. The shape o f the regression  lines  

are not sign ificantly  d ifferen t from  each other.

In three subjects simultaneous collections o f parotid and submandibular 

saliva was made. For a given flow  rate, the concentration o f uric acid was 

greater in parotid than in submandibular saliva. The absolute secretion of 

Uric acid ro se  fo r  parotid and submandibular saliva respectively from  

0.27 -  SEM 0.07 m g/hr. and 0.18 -  0.07 m g/hr at low flow  rates to 0.99 - 

0.17 m g/hr and 0.78 -  0.07 m g/hr at high flow  rates (Table II, 5).

The concentration o f uric acid in serum  was within the normal range 

in all subjects studied.

DISCUSSION

The concentration o f uric acid in saliva is  dependent on the rate o f  

salivary flow . Thus knowledge o f the uric acid concentration o f a sample 

of saliva is  not m eaningful unless the rate of flow  is  also known. The 

secretion o f saliva is  a complex p rocess, the composition of saliva  

secreted in the acini changing as it passes along the ducts due to secretion  

and reabsorption o f d ifferen t constituents (Chapter 10 page 66). Burgen (1956b).
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in a study o f salivary non-electrolytes in the dog, has described two patterns 

of behaviour with increasing flow  rate. For some constituents, e.g. 

N-ethylurea the concentration was inversely  related to flow  rate, whereas 

for  others the relation o f concentration to flow  rate was U-shaped. Within 

the flow  rates studied, the best f i t  fo r  the points recorded here is  a straight 

line when log  (vol/m in) is  plotted against log (uric acid con c..) Uric acid, 

therefore, appears to belong to the f ir s t  group o f substances. Burgen (1956b) 

concluded that the relationship between concentration and flow  rate in this 

group could be accounted fo r  by the hypothesis that the permeability o f the 

gland fo r  these substances did not change significantly with alteration in the 

rate o f flow . In h is experim ents, however, maximal salivary flow  rate was 

achieved by stim ulation o f the auriculo-tem poral nerve. The high flow  rates 

recorded in this study may, th erefore , be sub-maximal and a secondary 

rise  in uric acid concentration might occur at higher flow  rates.

The concentration o f uric acid has been previously studied in mixed 

saliva by other w orkers, but little  referen ce has been made to variations 

with flow . U pdegraff & Lewis (1924) collected saliva during paraffin  wax 

chewing, and found uric acid concentrations ranging from  0.5 to 2.9 m g/100  

m l., values sim ilar  to those in submandibular and parotid saliva a fter  

stimulation reported in the present study.

Values ranging from  0.9 to 20.6 m g/100 ml were found by Kallos 

(1939) who concluded that estim ation o f the saliva uric acid was o f value



in detecting ’a gouty tendency1 and in determining the amount o f uric acid 

form ed a fter  d iffere n t types o f  food. Maupetit (1933) also claimed that 

estimation o f the salivary uric acid was important clinically and 

Sorensen (1959) has emphasized the importance o f the extra-renal 

excretion o f  uric acid.

M orris and Jersey (1923) have suggested that uric acid should be 

studied in ’resting' saliva because o f its  higher uric acid concentration.

As the relation  between flow  rate and uric acid concentration is  logarithm ic, 

the uric acid concentration varies m ore markedly at low flow  rates 

(Figures II, 4 -  II, 9). Above flow  rates o f  1 m l/m in. variations in 

uric acid concentration are sm all and precise  measurement o f flow  rate 

is  unimportant.

There appears to be a d ifferen ce  in the uric acid concentration o f  

saliva from  d iffere n t glands, the concentration in submandibular saliva  

being le s s  than that in parotid saliva.

SUMMARY

Uric acid concentration was measured in parotid and submandibular 

saliva collected  at varying flow  rates.

The uric acid concentration was inversely related to flow  rate, and a 

straight line relation  was obtained when log (vol/min) was plotted against 

log (uric acid concentration).
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In parotid sa liva , the mean uric acid concentration f e l l  from

+ +
4.0 - SEM 0.43 m gs/100  ml at low flow  rates to 1.7 -  0.28 m gs/100 ml

at high flow  rates. The concentrations were low er in submandibular

“F* " f

saliva 3.3 -  0.46 m gs/100  m l and 1.3 -  0.12 m gs/100 ml respectively.

It is  concluded that in studies o f uric acid, saliva should be 

collected at flow  ra tes greater than 1 m l/m in , at which rates there is  

little variation in concentration and p recise  measurement of flow  rate 

is  unnecessary.
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C H A P T E R  14.

CARBONIC ANHYDRASE ACTIVITY 

IN SALIVA IN MAN.

'The enzym e carbonic anhydrase is present in the salivary glands 

in anim als (Yoshimura e t  a l 1959; Draus e t  al 1962), and in man (Sand 

1949). Rapp (1946) f i r s t  dem onstrated  carbonic anhydrase a c tiv ity  in 

human saliva and su ggested  th a t the enzyme accelerated  the removal of 

carbon dioxide, resu ltin g  in alkalinisation o f  the saliva. Szabo (1965) 

la ter  confirm ed th a t th ere  was a relationship between th is enzyme and 

salivary pH. The pH and concentration  o f  bicarbonate in saliva have been 

found to increase w ith  increasing flow  ra te  (Anderson 1949; Thaysen e t  

a ll954; Dawes and Jenkins 1964). I t  seem ed o f  in te r e s t , th erefo re , to 

study the e f f e c t  o f  increasing flow  ra te  on the carbonic anhydrase activ ity  

in saliva.

The pH o f  sa liva  and carbonic anhydrase a c tiv ity  vary with tem perature  

and m ethod o f co llection  (Szabo and H attyasy 1965; Rapp 1946; A ltschule  

and Lewis 1949). The e f f e c t  o f  collection  m ethods and o f storage a t  

d ifferen t tem p eratu res on th e salivary carbonic anhydrase a c tiv ity  has 

th erefore also  been studied.
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METHODS

Subjects Studied :

The subjects w ere normal volunteers, and included m em bers of the 

hospital s ta f f .  Their ages ranged from  33 to 60 years, and all but one 

were m ales. None had clin ical evidence o f metabolic or salivary gland 

disorders.

Saliva Collection

Parotid saliva was collected in six subjects at varying rates of  

flow  as described in chapters 1 -  3. In this way parotid saliva secreted  

at flow  rates varying from  0.05 to 1.75 m l/m in  was obtained. In six  

subjects, saliva w as also collected under oil. In two subjects parotid 

and submandibular saliva was collected a fter  lemon juice stimulation and 

mixed saliva a fter  wax stimulation on each o f three consecutive days at 

the sam e tim e each day.

ESTIMATION OF CARBONIC ANHYDRASE ACTIVITY

The G loster (1955) m odification o f the method o f Krebs and Roughton 

(1948) was used. The estim ation was conducted at a temperature o f 25 C. 

0.05 ml o f 0.02 M.NaHC03 solution was placed in the side arm o f a
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Warburg F lask and 0 .2  m l o f  the saliva sam ple in 2.3 m l. 0.1 M phosphate 

b u ffer  (pH 6.98) was placed in th e  fla sk  i t s e l f .  In a control flask  0 .2  m l. 

d istilled  w ater was used in place o f  th e  saliva. A fte r  10 m inutes 

equilibration th e  so lu tions were mixed and the amount o f  CO  ̂ produced 

was m easured a t  one m inute in tervals on the m anom eter. Each t e s t  was 

carried out in d u p lica te , the mean value a t the f i f t h  m inute being taken 

as the enzyme a c tiv ity . This was expressed  in K /m l saliva (M itchell 

e t  al 1945; A ltsch u le and Lewis 1949).

In 17 sam p les, th e enzyme a c tiv ity  was m easured im m ediately a f te r  

co llection , and 24 and 48 hours la te r . Four sam ples were kept a t 0°C , 

seven a t  room  tem p eratu re and s ix  a t 37°C.

RESULTS

The carbonic anhydrase a c tiv ity  in saliva estim ated  im m ediately  

a fte r  co llection  and 24 and 48 hours la te r  is  shown in Tables II, 7 - II, 9. 

There is  no s ig n ifica n t change in enzyme a c tiv ity  in any sample. 

Furtherm ore, th e  r e su lts  in the saliva co llected  under oil are sim ilar  

to the value obtained when no o il was used (Table II, 9).

The carbonic anhydrase a c tiv ity  in parotid saliva increased with  

increasing flow  r a te  in th e  f iv e  patien ts from  restin g  values under 1.6 

K/m l to  a maximum o f about 2.2 K /m l (Figures II, 10 -  II, 14). As



there w ere no s ig n ifica n t d ifferen ces  betw een the regression  c o e ff ic ie n ts ,  

the re su lts  fro m  th e f iv e  p a tien ts  were considered togeth er (Figures II, 15). 

Up to flow  r a te s  o f  0 .8 0  m l/m in . th ere  was a stra igh t line relation  between  

flow  r a te  and enzym e con cen tration , y = 1.001 x + 1.458 where x = flow  ra te  

(ml/min) and y = enzym e concentration  (K/ml) (r = + 0 .8 9 , P < 0 .01 ). A t 

rates g rea te r  than 0 .8 0  m l/m in . th e  enzyme concentration remained 

constant, y = -0.0111 x + 2 .2086. Since r = -0 .0 4  which is  not sign ificantly  

d ifferen t from  O, we can take y = 2.1942 as the regression  o f  y on x.

The standard deviation o f  y is  0 .0 2 7 .

The carbonic anhydrase a c tiv ity  in saliva remained rela tively  constant 

from  day to day in parotid , m ixed and submandibular saliva (Table II, 10).

The enzyme a c tiv ity  in th e blood was grea ter  than th a t found in 'resting' 

saliva, b u t le s s  than th a t found in saliva co llected  a f te r  stim ulation .

DISCUSSION

In th is  study i t  has been shown th a t th e  carbonic anhydrase a c tiv ity  

increased w ith  flow  r a te  to  a maximum value a t  flow  ra te s  o f  about 

0.75 m l/m in ., the concentration  remaining constant a t ra tes above th is  

level. A s described in Chapters 10 and 12 the secretion  o f  saliva is  a 

complex p ro cess , the com position  o f  the precursor flu id  secreted  in the  

acini being m odified  in the ducts due to  secretion  and reabsorption o f 

con stitu en ts. The changes in carbonic anhydrase a c tiv ity  with increasing



flow r a te  could be accounted fo r  in a number o f  ways and fu rth er work is  

required to elucidate th is  problem. One explanation would be th a t the  

enzyme se c r e te d  in th e acini is  reabsorbed in the ducts, and th a t the  

reabsorptive p rocess has a lim ited  capacity. A second contributory  

fa c to r  m igh t be th a t th e  perm eability  o f  th e  acinar and/or duct ce lls  

increases w ith  increased  glandular secretion  (Burgen and Seeman 1958). If 

the gland were to s e c r e te  a sm all constant secretion  fr e e  from  carbonic 

anhydrase (v m l/m in ) and a variable secre tion  containing a constant 

concentration  o f  th is  enzyme (K) then the relation  betw een the  

concentration  o f  carbonic anhydrase in saliva (C) and th e  salivary flow  

rate  (V) would be

c = K - v K 
V

However, when th e  observed c is  p lo tted  against the reciprocal o f the  

observed V, the experim ental data does not He around a stra ig h t line, 

suggesting th a t th e  above relationship does not hold fo r  carbonic anhydrase.

I t  has been su ggested  th a t the presence o f  carbonic anhydrase in 

human saBva can speed the rem oval o f  carbon dioxide from  th e  saliva and 

th at th is  r e su lts  in a m ore alkaline saHva w ith an increased tendency to  

p recip itation  o f  calcium  s a lt s  (Rapp, 1946). More recen tly , McConnel 

e t  al (1961) have supported th e  view th a t carbonic anhydrase plays a role 

in the form ation  o f  oral calculus. This enzyme acce lerates the



conversion o f carbon dioxide to bicarbonate, and Sand, (1951) and W echsler 

(1959) have demonstrated that in addition to bicarbonate obtained from  other 

sources, an appreciable proportion o f the salivary bicarbonate is  derived 

from  m etabolism  in the salivary glands. Following the administration o f a 

carbonic anhydrase inhibitor, the bicarbonate concentration in saliva  

decreases (N eiderm eier et a l, 1955). Like carbonic anhydrase, the 

concentration o f bicarbonate in saliva and the salivary pH increase with 

increasing flow  rate and rem ain relatively constant at high flow  rates 

(Anderson, 1949, Thaysen et a l, 1954, Dawes and Jenkins, 1964).

In any study o f  carbonic anhydrase activity in saliva it is  desirable to 

collect the sam ples at flow  rates greater than 0.8 m l/m in at which lev e ls  the 

concentration appears to be independent o f flow  rate. Collection o f the 

saliva under o il is  unnecessary.

SUMMARY

The carbonic anhydrase activity has been measured in human parotid, 

submandibular and mixed saliva. In parotid saliva the activity was related to 

salivary flow  rate , r ising  from  le s s  than 1.6 K /m l at low flow  rates to a 

maximum o f about 2.2 K /m l at higher rates o f flow . The enzyme activity 

remained constant at flow  rates greater than 0.8 m l/m in. The concentration 

in submandibular saliva tended to be le s s  than the concentration in parotid 

saliva. The enzyme activity in the blood was found to be 1.9 K /m l.

Enzyme activity was not a ffected  by storage at 0 C and room  

temperature fo r  up to 48 hours. Sim ilar values were found when saliva

was collected  under o il and when saliva was collected without oil.
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P A R T  III

I N T R O D U C T I O N

This part o f  the present work is  concerned with the salivary iodide 

concentrating m echanism  in health and d isease. Experimental and 

clinical studies are prefaced  by an outline o f inorganic iodine metabolism  

and a review  o f  the subject.

The physiological sign ificance o f the iodide concentrating mechanism  

of the salivary glands is  not apparent. Even basic inform ation such as 

the salivary iodide concentration in health and d isease , and the absolute 

quantities o f iodide transported by the salivary glands in unit tim e are not 

known. It is  the purpose o f the present work f ir s t ly  to study physiological 

aspects o f salivary iodine metabolism in man (Chapters 17, 18, 19, 20 

and 21), and secondly, to study the salivary iodide concentrating ability 

in certain d isea se  states. Chapter 23 deals with the e f fe c ts  o f altered  

states o f  thyroid function and Chapter 24, with d iseases a ffecting  the 

salivary glands.

The e f fe c ts  o f  inhibitors on salivary iodide transport are reported 

in Chapter 22. Some autoradiographic animal studies concerned with 

the localisation  o f  the site  o f  iodide concentration are described in 

Chapter 25. As it has been suggested that the salivary iodide concentration 

may be used in te s ts  o f thyroid function, its  use in clinical practice is



evaluated in Chapter 26. F inally , the salivary and thyroid glands are 

compared with special re feren ce  to their iodide concentration mechanism.

One advantage in studying the salivary gland iodide concentrating 

mechanism is  that the saliva unlike thyroid secretions can be collected  

externally. Appropriate methods fo r  collection o f saliva and m easurem ent 

of salivary flow  rate w ere devised and the detailed description given 

to these methods in Chapters 1, 2 and 3, r e flec ts  their importance in the 

present study. An assessm en t o f their e ffic ien cy  was an essential 

prelim inary to the interpretation o f any quantitative data.



C H A P T E R  15

OUTLINE OF INORGANIC IODINE METABOLISM

Iodine i s  the heaviest elem ent normally present in biological 

m aterials. Its weight probably determ ines its  scarcity in the earth's crust. 

Only minute amounts o f  iodine are present in plasm a. The salivary and 

thyroid glands have made a remarkable adaptation to this dearth o f 

iodine by having extrem ely e ff ic ie n t concentrating m echanism s. The 

iodine concentrated by the salivary glands is  derived from  the plasma 

inorganic iodine.

Distribution o f  Iodide

Following absorption from  the gut iodide passes into the plasma 

inorganic iodine pool. Some is  excreted by the kidneys and som e is  taken 

up by the thyroid, salivary , and gastric glands and sm all amounts by the 

skin and hair. In the thyroid gland iodide is  converted to thyroid hormone 

by organification and thyroxine is  secreted from  the thyroidal iodine pool 

into the peripheral pool o f organic iodine. The latter is  made up o f 

thyroid horm ones in the plasm a and tissu es. Part o f the organic iodine 

leaves this pool in the fa e c e s  but m ost is  deiodinated and re-en ters the 

plasma inorganic pool. Iodine concentrated by the salivary glands and 

secreted in the saliva is  reabsorbed from  the stomach (Brown-Grant 1961)



and sm all intestine (Elm er 1938) following ingestion together with iodine 

derived from  the diet and gastric glands, (Figure III, 1).

Iodide is  distributed throughout the extra-cellu lar flu id  but m ost 

cell m em branes, except red blood corpuscles (Myant et al 1950) are 

im perm eable to iodide. The "iodide space" is  a biochem ical concept 

and is  defined as the volum e o f fluid which would be required in order 

to contain the body iodide at the plasma concentration. Obviously those 

tissu es which concentrate iodide to many tim es the plasma lev e l, such 

as thyroid and salivary glands, w ill add considerably to the "iodide space".

In the fastin g  state the iodide concentration o f the plasma (PH) varies  

between 0.08 and 0.60 pg/100 ml. in Scotland (Wayne et al 1964) but higher 

values have been reported elsew here, e.g. North Am erica (Table III, 1).

The thyroidal iodide clearance is  normally between 10 and 35 m l/m in  and 

the renal clearance ranges from  15 to 55 m l/m in (Wayne et al 1964).

Availability o f iodine:

D ietary iodine is  mainly contained in foods and to a much sm aller  

extent in the drinking water. Ocean water contains about 50 pgs o f  

iodine/kilogram  and se a fish , as they concentrate iodine, are an 

especially  rich  source o f  dietary iodine.

Iodine requirem ents may d if fe r  widely in normal subjects as both 

the renal clearance and the faeca l iodine excretion have a wide normal



range. It is  generally  agreed that the average daily requirem ents o f  

iodine w ill be approximately 150 -  300^ gs (Nutrition Board o f the National 

R esearch Council o f the U.S.A.).

Iodine is  rapidly absorbed from  the sm all intestine. It appears 

that iodine is  m ost easily  absorbed as iodide and, although som e organic 

iodine compounds, thyronines, may also be absorbed (Myant and Pochin 

1950), fr e e  iodine and organic iodinated compounds are normally reduced 

to iodide during digestion and absorption. The iodinated dyes used in 

radiopaque contrast media as used in radiographic visualisation are, 

however, absorbed unchanged.

PLASMA INORGANIC IODINE

The plasm a inorganic iodine (PII) is  an important fundamental 

m easurem ent fo r  the understanding o f iodine metabolism in health and 

disease (Wayne et al 1964). Unfortunately, iodide is  present in such sm all 

quantities in the plasm a at physiological leve ls  that it cannot be measured  

directly. It can however be measured indirectly using the isotope dilution 

principle as described by Stanley (1949). The sp ecific  activity o f the 

urinary iodide a fter  a tracer dose o f radio-iodine is  identical with that o f  

the plasm a iodide, since the kidney cannot d ifferentiate between 

radioactive and stable iodine atoms. Therefore a fter  a tracer dose o f



132t "di 132 .I P lasm a I urine
PH urinary iodide

132PII = urinary iodide x I plasma
132_ .

I unne.

Good correlation  has been shown between the PII derived using this 

indirect method and the PII resu lts obtained by direct measurement when the 

PII was su ffic ien tly  elevated (Alexander et al 1962).

An alternative method o f determining the PII indirectly is  to use the 

sp ecific  activity in the saliva a fter  a tracer dose instead o f  the sp ec ific  

activity o f  the urine (Gerbaulet and Maurer 1958, Harden et al 1965a).

Thus -

132I plasm a = 132I saliva
PII Salivary iodide

132
PII = Salivary iodide x I plasma

I saliva

The resu lts  o f  determining the PII using salivary and urinary sp ec ific  

activity methods in health and d isease are discussed in detail in Chapter 

26 p a g es ,163 to 166.

The normal values o f the PII described by various authors are shown 

in Table III, 1. The wide range o f normal PII values r e flec ts  the lack o f a 

hom eostatic m echanism . Iodide is  unlike sodium and chloride where the



kidneys adjust their clearance in relation to the dietary intake and so the 

plasma le v e ls  stay relatively  constant. Although renal clearance fo r  

iodide shows no regulatory e f f e c t  in man such a mechanism does ex ist  

in dogs and rats (Stanbury 1960).
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THE SALIVARY GLAND IODIDE CONCENTRATING 

MECHANISM -  A REVIEW

The presence o f iodide in saliva was f ir s t  observed by Claude 

Bernard and re feren ce  is  made to it  in h is lectures at the College de 

France in 1856. However, Lipschitz (1929a and b) was the f ir s t  to study 

the saliva iodide when in 1929, following the administration o f up to 20 

mgs o f  sodium iodide/K g intravenously, he found saliva/p lasm a iodide 

concentration ratios o f 1.5 to 7.0 in dogs with parotid fistu lae. Larger 

doses o f  iodide depressed the ratio until the iodide concentration in 

saliva approached that in the blood. Also in 1929 Barkan and Leistner 

demonstrated that the concentrating mechanism was 'sp ecific  fo r  

inorganic iodide' as they observed only negligible amounts o f  iodide in the 

saliva follow ing the administration o f iodinated egg-white. Lipschitz 

(1930) also found that m assive doses o f thyroxine did not increase the 

salivary iodide concentration beyond lev e ls  which might be expected from  

the m etabolic degradation o f thyroid hormone to inorganic iodine.

HUMAN STUDIES

The concentration o f  iodide in human saliva to many tim es the plasma 

level has been described by Elm er (1938) and Bruger and Member (1943).



However, accu rate  analytica l m ethods fo r  stable iodide estim ation s  

w ere not available a t  th is  t im e  and subsequent quantitative re su lts  

d iffered  widely.

The use o f  rad ioisotopes o f  iodine fo r  human stud ies w ith mixed  

saliva was f i r s t  described by S ch iff e t  a l (1947) who reported sa liv a ry / 

plasm a r a tio s  varying from  7 to 700. Honour e t  al (1952) reported  

fu rth er  rad io isotop ic stud ies on mixed and parotid sa liva, lac ta tin g  

b rea st and stom ach and suggested  th a t "serous salivary glands, stom ach  

and la c ta tin g  b rea st  p ossess  an iodide concentrating mechanism which 

may be comparable to  th a t o f  the thyroid". The observed high sa liv a / 

plasm a r a tio s  tended to  occur w ith low ra tes  o f  flow  but there was 

no d irect relationship  betw een the clearance ra te  fo r  iodide and the 

sa livary flow  r a te . The was presen t in saliva only in the inorganic 

form  and th ere was always a higher concentration o f  iodide in parotid  

than in m ixed sa liva . They reported a range o f  salivary/plasm a ra tio s  

o f  12 -  211. These r e su lts  have since been confirm ed by th ose  o f  

other workers also  using radioisotopic m ethods (Freinkel and Ingbar 

1953, G abrielsen and Kretchm ar 1956). A ll the major human saHvary 

glands (parotid , submandibular and sublingual) concentrate iodide 

(Cohen & Myant 1959).



Anions which inhibit thyroidal iodide transport such as 

th iocyanate, perch lorate and n itra te  were shown to  have sim ilar  

inhibitory e f f e c t s  on the salivary iodide concentrating mechanism  

(Rowlands e t  al 1953). The order o f e ffec tiv en ess  (perchlorate , 

th iocyanate, n itra te ) was shown to  be the same in both glands by Edwards 

e t  a l (1954) who suggested  th a t th ese  anions probably com pete with iodide 

fo r  a common tran sp ort m echanis, across the salivary c e lls . These 

anions had no e f f e c t  on salivary chloride concentration (Ferguson e t  al 

1957).

131I t  was su ggested  by Thode e t  a l (1954) th a t the salivary I/plasm a  

131protein  bound I ra tio  24 hours a f te r  the adm inistration o f  radioiodine 

could be used as a t e s t  o f  thyroid function. Several radioistopic studies  

in thyroid d isease  s ta t e s  have shown th a t the salivary iodide trap is  

independent o f  thyroid function (Freinkel and Ingbar 1953, Gabrielsen and 

K retchm ar 1956, and Fellinger e t  al 1956). Although i t  has been 

su ggested , bu t not su bstan tia ted , from  animal stud ies (pagel08 ) th at  

th e sa livary glands form  organic iodine there is no evidence that the  

human sa livary  glands do so (Myant 1960). This is an im portant d ifferen ce  

from  th e  thyroid where iodide a fte r  accumulation participates in the  

iodination o f tyrosin e and eventually the thyroid hormones are form ed. 

F urtherm ore, Myant (1960) has shown th a t thyrotrophic hormone o f the 

an terior  p itu ita ry  has no e f f e c t  on the salivary gland iodide concentrating



m echanism  w hereas in the thyroid i t  is  known to  stim u la te  iodide

131goncentration  and induce hyperplasia. Normal saliva/p lasm a I 

r a tio s  have also been reported in panhypopituitarism (Freinkel and 

Ingbar 1953).

The chem ical nature o f  the salivary iodine has been studied by 

severa l w orkers. Some (Freinkel and Ingbar 1953, Gerbaulet and Maurer 

1958, and Ferguson e t  al 1958) have reported th a t the iodine in saliva  

is  p resen t a lm o st en tire ly  in the inorganic form . O thers (Honour e t  al 

1952, and Cohen 1962) using tr ich loracetic  acid precip itation  m ethods have 

dem onstrated  th e  presence o f organic iodine compounds varying from  

0 -  54% o f the to ta l  salivary iodine concentration.

A part from  th e stud ies in a ltered  s ta te s  o f  thyroid function  few  

in vestiga tion s o f  th e  iodide concentrating mechanism in d isease s ta te s  

have been reported . External irradiation to the salivary glands resu lts  

in p rogressive  involution o f  f ir s t ly ,  the serous ce lls  and then the mucous 

ce lls  w ith resu lta n t atrophy and fib ro sis  (Frank e t al 1965). A group o f  

p a tien ts  who had received  large radiation doses for  cancer in the head and 

neck region w ere studied  by Awwad (1959). He reported th a t the salivary  

iodide concentration  power was u n affected  a f te r  th is trea tm en t. The 

salivary iodide concentration  was in fa c t  raised because the salivary flow  

r a te s  w ere decreased. Schneyer (1953) has reported tem porarily increased



131am ylase concentrations in parotid saliva following therapeutic I doses  

fo r  thyroid carcinom a and subsequently an increased incidence o f dental 

caries o f  unusual distribution (Schneyer & Tanchester 1954). It is  o f  

considerable in terest that an inborn metabolic d efect has been described  

in two patients who presented with hypothyroidism and were found to have 

absence o f an iodide concentrating mechanism in thyroid, salivary and 

gastric glands (Stanbury & Chapman 1960, W olff et al 1964).

COMPARATIVE STUDIES

Much inform ation has accumulated about extrathyroidal iodide 

concentrating m echanism s from  comparative studies in animals and som e 

form s o f plant l i f e .  Among the low er animals iodine is  concentrated by 

the notochord and endostyle o f the lamprey (Leloup 1952) and the byssus o f  

the m ussel (Roche et al 1960), and many algae (W olff 1960) also concentrate 

iodine.

In the higher orders although the maj ority o f tissu es do not concentrate 

iodide above the le v e l found in the plasm a, a surprising number o f vertebrate 

tissu es do exhibit iodide concentrating ability (Table III, 2).

A com parative study o f the salivary iodide concentrating mechanism  

was carried out in anim als by Cohen and Myant (1959). Their findings 

are sum m arised in Table III, 3. They found a marked species variation 

with regard to the concentrating power o f the submandibular and parotid 

salivary glands. A salivary iodide concentrating mechanism is  present in the 

salivary glands o f many anim als and is  highly developed in dogs, m ice,



h am sters, guinea pigs and cotton rats, moderately in Mastomys and cats, 

weak in rabbits and negligible in rats.

There is  considerable variation with regard to d ifferen t salivary  

glands in the sam e animal and the sam e salivary glands in d ifferen t animals 

e.g. the submandibular gland iodide concentrating mechanism is  highly 

developed in the ham ster and weak in the guinea pig, whereas with regard  

to the parotid gland, the reverse  is  true (Table III, 3). No specialised  

common type o f  ce ll peculiar to the glands in which the iodide concentrating 

m echanism  was present has been found (Cohen and Myant 1959, Brown- 

Grant and Taylor 1963).

Although the salivary iodine is  in the inorganic form  in the majority 

o f anim als studied (Ruegamer 1953, Myant 1960), W eiss et al (1962) 

have reported organic iodine compounds (10-30%) in dog submandibular 

saliva. Faw cett and Kirkwood (1954) showed that homogenates o f rat 

subm axillary gland in the presence o f a high concentration o f copper ions 

syn thesise monoiodotyrosine (MIT) and Taurog et al (1957) have found a 

radioactive substance in homogenates o f rat submaxillary gland incubated 

with radioiodide. It has been suggested by Fawcett and Kirkwood (1954) 

based on their in vitro observations that the salivary glands may play an 

important ro le  in the peripheral metabolism o f iodinated amino acids.

The evidence from  further experimental work does not substantiate this 

theory as di-iodotyrosine and thyroxine are metabolised equally w ell in



the presence or absence o f  salivary glands ( Tong et al 1955, Watts 1956,

Myant 1956 and 1960). No change in iodine concentrating ability has been 

demonstrated by the administration o f thyrotrophic hormone or hypophysectomy 

in the m ouse subm axillary gland (Taurog et al 1959) or a fter  large doses o f  

thyroxine in the dog (Ruegamer et al 1955). Arvy and Gabe (1950) have 

observed atrophy o f  the secreting tubules o f the rat submaxillary gland 

after  thyroidectomy.

In vitro studies have demonstrated that dinitrophenol depressed both

oxygen consumption and iodide concentration in salivary and thyroid glands

(Slingerland 1955, F letcher et al 1956). Anions, thiocyanate, perchlorate

131and n itrate, have been shown to inhibit the concentration o f I in mouse 

salivary gland tissu e  s lic e  experiments (Fletcher et al 1956). The order 

of e ffe c t iv e n e ss , perchlorate, thiocyanate, nitrate, being the sam e as in the in 

vivo human studies o f Edwards et al (1954). W olff and Maurey (1961) 

have compared the ability o f various anions o f the Vllth periodic group 

(bromide, cyanate, n itrate, n itrite, iodide, astatide, thiocyanate, 

m onofluorosulfonate, selenocyanate, tetrafluoroborate, perrhenate, 

perchlorate and pertechnetate) to a ffe c t  the iodide transport system  in 

sheep thyroid and m ouse salivary glands. Using tissue slice  experiments 

they found a relationship between ion s ize , (expressed as partial molal 

volum e), univalency, ionic shape and anion transport. They found a 

higher concentration occurred with pertechnetate than iodide in both



thyroid and salivary gland s lic e s . W olff (1964) in a review o f the iodide 

concentrating m echanism  based upon these animal tissue s lic e  experim ents, 

lis ts  the follow ing characteristics o f iodide concentrating tissues:

1) Inhibition by anions SCN , CLO , NO
4 3

2) Concentration o f other anions o f Vllth periodic group.

3) Inhibition by various poisons, e.g. iodine, glycosides.

4) A requirem ents fo r  potassium.

5) H alf saturation with iodide near 3.10 ^m I

Some insight into the possib le site o f iodide concentration in salivary

glands has been derived from  autoradiographic studies (Cohen et al 1955,

Logothetopoulos and Myant 1956 a & b ) who have demonstrated marked

concentration o f radioiodine in relation to the ducts o f salivary glands o f m ice

and ham sters. These resu lts  did not however exclude an acinar site  o f tran sfer

as w ell. This property o f the duct ce lls  has obtained strong support from  the

radioisotopic studies in the dog o f Burgen et al (1959) in which they showed

131that a fter  c lo se  in tra-arteria l injection o f I the radioiodine was detected  

in the saliva within a few  seconds. This short time interval suggests a 

ductal s ite  o f tran sfer . By this method, Burgen and Seeman have demonstrated 

at lea st f iv e  functional areas across which selective isotope movement can 

occur. These areas do not correspond to any known histological characteristic  

of the duct c e lls  (Burgen and Emmelin 1961). These experiments have shown



a proxim al s ite  fo r  the ductal tran sfer  o f iodide and more distal s ites  

fo r  K ., Na. and Cl. in that order. The increased aw areness o f  the 

d ifferen t w orkers o f the important ro le o f the ducts in the form ation o f  

saliva has already been discussed  in Chapters 10 and 12 with special 

referen ce  to salivary electro lytes. The possible m echanism s involved in 

these p r o c e sse s , as described by Burgen and Seeman (1957, 58), are 

illustrated in F igure II, 3 which is  m odified from  Davenport (1961).

The evidence th erefore from  both animal and human studies suggests  

that the m echanism  responsible fo r  iodide concentration in salivary and 

thyroid glands is  very  sim ilar. The movement o f iodide against the electro - 

chem ical gradient, the saturation o f the mechanism by iodide, competitive 

inhibition by other ions and its  dependence on energy producing p rocesses  

(Fletcher 1956) suggests that active transport p rocesses are involved 

(Brown-Grant 1961; W olff 1964). Although, unlike the thyroid, the salivary  

glands are not influenced by thyrotrophic hormone, (T.S.H.), it may be that 

the basic m echanism  is  s t ill the sam e, but in the salivary glands it  is  

inaccessib le  to T.S.H. (Myant 1960). Although much knowledge has 

accumulated o f  the extent and intricacy o f the iodide concentrating m echanism , 

its  purpose outwith the thyroid gland rem ains obscure.



In the patients referred  to (page 107) who had congenital lack o f  an iodide 

concentrating m echanism  in thyroid, salivary and gastric glands, the 

hypothyroidism responded w ell to treatment with larger doses o f iodide.

This suggests that when iodide is  present in su ffic ien t concentration in the 

plasm a, d iffu sio n  can occur and compensate fo r  lack o f  an iodide concentrating 

mechanism. However, such high plasma iodide lev e ls  are extrem ely uncommor 

and th erefore an iodide concentrating mechanism is  necessary fo r  normal 

thyroid hormone synthesis (W olff 1964). No known sp ecific  function has, 

however, been related to the extrathyroidal iodide concentrating m echanism .
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THE SALIVARY IODIDE CONCENTRATION 

AND FLOW RATE

The concentration o f  iodide in parotid and submandibular saliva was 

m easured using chem ical m ethods, in subjects with physiological plasm a  

iodide le v e ls . The e f f e c t  o f  flow  rate on the salivary iodide concentration 

was examined. In two patients salivary electrolytes were also measured  

in the sam e sa liva  sam ples.

METHODS

T h irty -five  subjects were studied. All were convalescent patients 

attending the W estern Infirm ary and had volunteered fo r  the studies. None 

had clin ical evidence o f  salivary gland disorder or o f thyroid or renal 

disease. Serum protein-bound iodine values were normal in all the patients. 

In tw enty-seven patients parotid saliva was collected fo r  30 minutes under 

conditions o f  m inim al stimulation. Either parotid duct cannulation (Kerr 

1961) or the m odified Carlson Crittenden cup, as described in Chapter I, 

was applied. In sixteen subjects submandibular saliva was collected fo r  

30 m inutes. In subjects with low er anterior teeth segregator apptiances 

were em ployed, otherw ise the ducts were cannulated (Chapter I).

In six  subjects saliva was obtained at varying flow  rates as described  

in Chapters 2 and 3. The graded response to the variety o f stim uli



employed is  shown in Table III, 4. Mean flow  rates varied from  0.16 

m l/m in  ’restin g1, to 1.89 m l/m in  a fter  lemon juice fo r  parotid saliva  

in f iv e  subjects, and 0.06 m l/m in  to 1.15 m l/m in. fo r  submandibular 

saliva in three subjects. Two ml. o f saliva were collected with each 

stim ulus, a fter  an initial period o f 15 minutes to avoid salivary ’rest  

transients’. (Chapter 3, pagel7).

In order to ascertain  i f  the salivary iodide concentrating m echanism  

became fatigued , in two patients continuous 10 minute collections o f  

parotid and submandibular saliva w ere obtained using a constant stimulus 

(fruit gums) fo r  a period o f one hour.

Laboratory estim ations: These were perform ed fo r  iodide, sodium,

potassium  and chloride as described in Chapter 9.

RESULTS

Relation between salivary iodide concentrations and flow  rate

F igures III, 2 and III, 3, show the resu lts in twenty-seven and 

sixteen subjects resp ectively , in whom saliva was collected fo r  30 minutes 

under conditions o f minimal stimulation. There is  a negative relation  

between salivary iodide concentration and rate of salivary flow  fo r  both 

parotid and submandibular glands.

The resu lts  o f the iodide concentration in parotid saliva o f three 

patients, each studied at d ifferen t flow  rates are shown in Figures II, 4 ,5  and 6



At low rates o f  flo w , the salivary iodide concentration varied between

5.5 p g /1 0 0  r̂ -l and 28.5 p g /1 0 0  m l. In all three patients, as the flow  rate 

increased up to rates between 1 and 2 m l/m in. the salivary iodide 

concentration f e l l .  Above flow  rates o f 1-2 m l/m in. the curves levelled  

o f f  and, despite increasing rates o f flow , the salivary iodide concentration 

remained rela tively  constant. At flow  rates o f 1 m l/m in. the salivary  

iodide concentration had fa llen  in all cases to le s s  than 50 per cent of the 

resting value.

F igures III, 7 and III, 8, show the relation between the iodide 

concentration in submandibular saliva and flow  rate. The iodide 

concentration in the resting saliva was about 12 p g/100 ml. The 

concentration f e l l  at flow  rates o f 1 m l/m in  to 4.5 p g/100 ml in one patient 

and to 7.5 p g /100  m l in the other.

For com parison, in two subjects salivary electrolyte concentrations 

were estim ated as w ell as iodine in the sam e saliva sam ples (Figures 

III, 6 and III, 8). T hese show sim ilar changes with flow  rate as are  

described in detail in Chapter 12, page 80.

Concentration o f iodide in saliva collected over one hour 

at a constant flow  ra te .

Figure III, 9 shows the iodide concentration in the saliva o f two 

patients in whom six  consecutive 10-min saliva collections were made at



constant rates o f  flow . Fruit gums were used as the stim ulus and the 

average rate o f flow  was 0.8 m l/m in . There was no appreciable d ifferen ce  

between the iodide concentrations o f  the various specim ens suggesting  

that under these conditions fatigue o f the iodide concentrating mechanism  

does not occur.

DISCUSSION

The d iffere n c es  in concentration with flow  rate o f  these salivary  

constituents i s  apparent. Iodide decreases with increase in flow  rate 

while sodium in creases with flow  rate and potassium rem ains relatively  

constant.

Marked changes in salivary iodide concentration occurred at d ifferen t  

salivary flow  rates. As the flow  rate increased up to values o f 1-2 m l/m in. 

the salivary iodide concentration f e l l ,  both with parotid and submandibular 

saliva. No other sim ilar quantitative data has been published but some 

confirm atory evidence is  available on the shape o f the curve relating flow  

rate to salivary iodide. Thus Ferguson et al (1956) noted a curvilinear 

relation between flow  rate and parotid saliva/serum  \  ratio, the ratio 

tending to becom e constant at rates greater than 1.0 m l/m in. As 

mentioned previously (Chapter 5), radioisotopic studies or studies using 

potassium  iodide supplements may give misleading resu lts.

The changes in salivary iodide concentration which are described  

here at flow  rates up to 1 m l/m in  could be explained as fo llow s. If the



iodide pump in the ducts works at a constant rate then the concentration o£ 

iodide in saliva w ill be le s s  when large amounts of saliva are secreted.

This w ill resu lt in a negative relationship between the salivary iodide 

concentration and flow  rate. Evidence has been presented (page 6 6 ) 

which suggests that iodide is  secreted via the duct ce lls  rather than the 

acinar c e lls . This decrease in the salivary iodide concentration with 

increasing rates o f  flow  is  not due to fatigue o f the concentrating 

m echanism  since in each experiment the specim ens w ere collected in a 

d ifferen t sequence. M oreover, in the two patients in whom saliva was 

collected fo r  one hour, there was no evidence o f a decrease in salivary  

iodide concentration.

However, at ra tes greater than 1 m l/m in . the iodide concentration  

rem ains constant. There are several possib le explanations. F irstly , 

increased w ater reabsorption due to greater perm eability o f  the duct at 

high flow  ra tes (Davenport 1961) may counteract the tendency fo r  the 

iodide concentration to fa ll .  Secondly, iodide may be secreted by the

acini at a constant concentration in addition to the iodide secretion  mechanism

131 . . . . .
in the duct. The studies o f  salivary I following intra-arterial injection

mentioned above (page 110), although giving inform ation as to the m ost

d istal s ite  at which the substance appears in the saliva , do not exclude an

additional proxim al site  o f secretion (Burgen and Emmelin 1961). At low

rates o f  secretion  an acinar iodide secreting mechanism  would contribute



little  to the salivary iodide, the majority being secreted via the duct ce lls . 

As the secretion  rate r o se , however, more o f the salivary iodide would be 

derived fro m  the acini and le s s  from  the ducts until at rapid rates the 

majority would be secreted  via  the acini. The saliva would then have an 

alm ost constant iodide concentration.

SUMMARY

Quantitative m easurem ents o f parotid and submandibular salivary  

iodide concentration have been made at flow  rates varying from  0.05 to

2.6 m l/m in . Salivary iodide concentration decreased as the flow  rate 

rose. At flow  rates o f  1 m l/m in  the parotid salivary iodide concentration 

had fa llen  in  a ll ca ses  to le s s  than half the resting value. At rates above 

1-2 m l/m in  the iodide concentration did not fa ll further. Reasons fo r  

this pattern o f  secretion  are discussed.
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THE SALIVARY IODIDE SECRETION 

AND THE PLASMA INORGANIC IODINE CONCENTRATION

The relation between the plasm a inorganic iodine (PII) concentration 

and the sa livary iodide clearance has not been studied at physiological 

concentrations o f  iodide, partly because the quantity o f inorganic iodine 

normally found in the plasm a is  very sm all and cannot be measured directly  

by methods o f  a ssay  now available. However, following the administration  

of a tracer dose o f  radio-iodine the PII may be derived indirectly by 

dividing the plasm a radioactivity by the sp ecific  activity o f  the urinary 

iodide, a s described in Chapter 5, page 32.

132
  Urine I x Plasm a I

^  ™ =  TTsi--------Urine I

A sign ificant negative correlation has been demonstrated between the PII 

and the thyroid iodide clearance (Wayne et al 1964). Thus subjects with 

a high normal PII have, on average, a correspondingly low normal thyroid 

clearance and v ic e  versa . In this investigation the relation between the 

salivary iodide clearance and the PII has been studied in thirty-eight 

subjects none o f  whom was receiving iodide supplements.



MATERIALS AND METHODS

T hirty-eight subjects w ere studied, eight m ales and thirty fem a le s.

A ll w ere volunteers and included convalescent patients and m em bers o f

the hospital s ta ff .  They w ere clin ically euthyroid and this was

confirm ed by radioiodine te sts  and estim ates o f the serum  protein

132bound iodine (PBI). A tracer dose o f 50 pc o f I was given orally to 

the subjects while fastin g  and the isotope dilution test was carried out 

as described in Chapter 5, page 30. Parotid saliva was collected in 

all 38 subjects. In sixteen subjects (three m ales and thirteen fem ales)  

submandibular saliva was collected. Saliva was collected from  90 to 

120 m inutes a fter  the tracer dose under 'resting' conditions. Blood 

was collected  at 105 minutes the midpoint o f the urine and saliva  

collections.

132
The plasm a, urinary and salivary I (per cent dose/m l) were  

measured in a w ell type scintillation counter. Iodine was measured  

chem ically in the urine and saliva  by a chloric acid digestion method 

(Farrell and Richmond 1961) as described in Chapter 9.

The plasm a inorganic iodine was estim ated from  the sp ecific  activity  

in the urine. The salivary iodide clearance and the absolute amount o f  

iodide excreted in the saliva per unit tim e were calculated as described in 

Chapter 5 page 31.



RESULTS

The PII ranged from  0.01 ̂ ig/100 ml to 0 .60 /ig /l00  ml. the upper 

lim it o f the normal range fo r  subjects resident in the W est o f Scotland. 

The clearance o f iodide in  the parotid saliva ranged from  1.2 to 13.0 

m l/m in ., mean 5.7 standard error o f mean 0.50 m l/m in. (Figure III, 10). 

As can be seen , there is  no relation between the PII and the clearance o f  

salivary iodide (r = -  0.046, 0.8 > P> 0.7). It fo llow s th erefore that a 

correlation would be expected between the PII and the absolute amount o f  

iodide excreted in unit tim e. Figure III, 11 shows PII values plotted 

against parotid salivary iodide secretion in jxg/hr. There is  a significant 

correlation (r = 0.66, P <  0.001).

C learance o f  iodide in submandibular saliva, range 0.6 to 8.8 

m l/m in , mean 3.4 standard error o f mean 0.50 m l/m in. was le s s  than the 

parotid sa livary  iodide clearance (Figure III, 12). A s with the parotid 

sa liva, there was no sign ificant correlation between the PII and the iodide 

clearance (r = 0.16, 0.9 >  P :> 0.8). There was a significant correlation, 

however, between the PII and die iodide excreted in submandibular saliva  

in^ ig /hr (Figure III, 13) r  = 0.80, P*<C 0.001.

DISCUSSION

Significant quantities o f iodide are excreted by the salivary glands, 

the unstimulated salivary iodide clearance being o f  the sam e order as the 

renal and the thyroid iodide clearance. More iodide is  excreted in the



parotid than in the submandibular saliva, and this confirm s previous reports 

that the sa liva /p lasm a radio-iodine ratio is  higher in parotid than in mixed 

saliva (Honour et al 1952).

The relation  between the plasma inorganic iodine (PII) concentration 

and the amount o f iodide excreted in saliva has not previously been studied. 

In the present investigation a positive correlation has been found. Thus 

at high-norm al PII le v e ls  the amount o f iodide secreted in parotid or 

submandibular saliva is  higher than the amount secreted at low-norm al PII 

lev e ls . In keeping with this is  the finding that the salivary iodide clearance  

is  independent o f the PII level. While this is  true, as has been shown, 

at physiological PII le v e ls , the possibility  rem ains that abnormally high 

PII concentrations, e.g . a fter  iodide supplements, may be accompanied 

by an in verse  change in the clearance rate. The evidence at present is  

conflicting. Thus Burgen and Seeman (1957) have shown that in dogs the 

sa liva/p lasm a concentration ratio fo r  iodide is  reduced at increased PII 

lev e ls . Other w orkers fa iled  to demonstrate such an e f fe c t  (F erguson 

et al 1956).

Like the salivary iodide, the urinary iodine is  derived from  the PII, 

the renal iodide clearance being quantitatively o f the same order as the 

salivary iodide clearance. There is ,  however, no sp ecific  iodide 

concentrating m echanism  in the kidney such as is  found in the salivary  

glands and in the thyroid. Iodide is  filtered  through the glomerular



membrane and part is  reabsorbed in the tubules. Thiocyanate and 

perchlorate d ecrease the salivary iodide clearance (Burgen and Seeman 

1957; Rowlands et al 1953; Ferguson et al 1957) but have no e f fe c t  on the 

renal excretion o f  iodine (Malamos and Koutras 1962)

SUMMARY

Plasm a inorganic iodine, the salivary iodide clearance and the 

absolute quantity o f iodide secreted in saliva was measured in thirty- 

eight subjects, none o f whom were receiving iodide supplements. The 

parotid salivary iodide clearance (mean 5.7 -  SEM 0.50 m l/m in) was 

greater than the submandibular iodide clearance (mean 3.4 -  0.50 m l/m in).

The absolute amount o f iodide excreted in saliva was proportional 

to the plasm a inorganic iodine concentration (PII).

No relation  was found between the PII and the parotid and submandibular 

salivary iodide clearance.
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SALIVA/PLASMA IODIDE RATIO

The sa liva /p lasm a iodide ratio is  a m easurem ent often  quoted in 

review s o f  salivary gland function or iodine metabolism. Considerable 

variation is  noted in the normal values cited by d ifferen t authors. 

Saliva/plasm a iodide ratios o f 30-40 are described by Honour et al (1952) 

o f "about 60" (Bell et al 1965) "10 or more" (Cohen and Myant 1959).

S ch iff  et al (1947) reported a wide variation (range 7 -  700).

132
The saliva/p lasm a I ratio is  o f clinical value as it has been used 

in the a ssessm en t o f children with "athyreotic cretinism " to determine 

whether or not these children were in fa c t athyreotic or had absence o f the 

iodide trapping m echanism  (Hung et al 1962). In the form er the sa liv a /  

plasm a ratio is  normal and in the latter the saliva/p lasm a ratio approaches 

unity (Means et al 1963).

METHODS

The studies in Chapters 18 and 19 have demonstrated the considerable 

variation which can occur in the salivary iodide concentration and the plasm  

inorganic iodine concentration. Parotid saliva/plasm a ratios w ere measuri 

in a group o f  58 normal subjects aged 17-73 years. Saliva was collected  

under varying conditions, "resting", a fter  fru it gum and lemon juice



stimulation in 21 subjects as described in Chapter 3 and under ’restin g’ 

conditions only in 37 subjects.

RESULTS

T hese are detailed in Figure III, 14, arranged according to flow  

rates. At low flow  ra tes , i .e . below 0.25 m l/m in , the mean parotid 

saliva /p lasm a ratio is  53.2 -  SEM 4.53 with a range o f 11.1 to 116.4. At

high flow  ra tes , i .e .  0.70 m l/m in  and above, the mean parotid sa liv a /

+
plasm a ratio is  8.6 -  0.68 with a range o f 2.8 to 18.6.

DISCUSSION

From  these resu lts  it is  apparent that in normal subjects saliva/p lasm a

132
I ratios vary considerably. Values over 60 are common at low flow

rates and values over 100 can occur. In contrast at high flow  rates values

under 10 are quite frequently found. In view o f the resu lts reported

in the two previous chapters however, these resu lts are not unexpected.

One component o f  the ratio, the salivary iodide, has been shown to vary

according to the salivary flow  rate and therefore when interpreting the 

132saliva/p lasm a I ratio flow  rate must be considered.

132I f  the sa liva /p lasm a I ratio is  measured in mixed saliva further  

variables w ill be present. Mixed saliva consists o f the secretion o f  the 

parotid and submandibular glands, the sublingual, and the sm all labial, 

buccal and palatal groups o f mucous glands which contribute the "residual



secretion. In Chapter 18 it has been shown that the submandibular iodide

concentration is  le s s  than the parotid in the same subject and Cohen 8c

Myant (1959) have reported a lack o f iodide concentration in human

132sublingual and "residual" secretion. The mixed saliva/p lasm a I ratio  

therefore is  slightly low er than in parotid saliva (Honour et al 1952).

SUMMARY

132Parotid sa liva /p lasm a I ratios have been measured in 58 normal

adult subjects, The ratios varied inversely with the salivary flow  rate. 

At low rates o f  flow  the mean S/p ratio was 53.2 -  4.53 and at high flow  

rates the mean S/p ratio was decreased to 8.6 -  0.68.
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Vllth PERIODIC GROUP

The a ffin ity  o f the salivary and thyroid glands fo r  iodide and various 

other anions o f  the Vllth periodic group has been studied extensively in 

vitro (W olff 1964) and has already been discussed on page 109 in Chapter 16. 

However, there have been no studies in man and these seem  desirable since  

the iodide trap o f  the salivary glands shows marked species d ifferen ces  

(Cohen & Myant 1959). In this investigation the concentrating ability o f  

the intact human parotid salivary gland fo r  bromine, iodine and technetium  

was compared. The ions which are actually concentrated are bromide, 

iodide and pertechnetate.

METHODS

A solution containing a mixture o f radioisotopes o f  three m em bers o f  

82 132 99m
the Vllth periodic group ( B r, I, Tc° 4) was injected intravenously 

into each o f six volunteers. The doses used were 30 p c , 50 pc and 200 pc 

respectively . Parotid saliva was collected at three flow  rates using the 

methods previously described (Chapter 2). The coHection o f saliva was 

started 10 minutes a fter  injection o f the isotopes and lasted fo r  30 minutes 

under ’restin g 1 conditions, 5 minutes during fru it gum stimulation and 2 

minutes during lem on juice stimulation. Mean flow  rates w ere 0.07 m l/m in  

(resting), 0.49 m l/m in  (fruit gum stimulation) and 1.57 m l/m in  (lemon juice



stimulation). At the mid-point o f each salivary collection a plasm a sample

was obtained by venepuncture. Plasm a and salivary sam ples were counted

using a nuclear Chicago automatic w ell-type counter. Each plasm a and

132 82saliva sam ple was counted on three occasions. F irst I plus Br

99m
w ere estim ated, excluding Secondly, this count was repeated

132 82a fter  decay o f  I giving an estim ate o f Br. Thirdly, the counting

82 99mconditions w ere adjusted and Br and TcO^ estimated. Counts fo r  

each individual isotope w ere obtained by solving three simultaneous 

equations using a Sirius computer. Salivary/plasm a ratios w ere then 

calculated fo r  each isotope at the three flow  rates.

RESULTS

132 99m
Salivary/plasm a ratios o f I and TcO^ fa ll  with increasing flow

rate (Figure III, 15 & 16) but at all flow  rates the concentrating ability fo r

iodide was alm ost tw ice that fo r  pertechnetate (Figure III, 17). ¥ e r y  low

82
("C 3) concentration ratios fo r  Br were obtained.

DISCUSSION

T hese resu lts  contrast with the in vitro studies in animals which have 

suggested a greater a ffin ity  o f the salivary gland fo r  pertechnetate rather 

than iodide (W olff 1964). However these in vivo studies r e fle c t  the resu lt o f  

all the p ro cesses  preceding the delivery o f saliva into the oral cavity. In 

vitro studies on the other hand represent the activity o f the iodide trap in



the very  a r tific ia l conditions in which salivary gland s lic e s  are studied. 

W olff's  resu lts  in the m ouse salivary glands in vitro are therefore not 

inconsistent with these in vivo resu lts in human parotid saliva.

The very  low concentration o f bromine is  in keeping with its  behaviour 

in W o lff's  in vitro experim ents. Since the knowledge that m em bers o f the 

Vllth periodic group are com petitive inhibitors o f iodide transport various 

attempts have been made to find that particular property which has 

established their common e ffe c t . It appears that univalency, anion s iz e ,  

and anion shape are possib le fa cto rs  (W olff and Maurey 1961).
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THE CHEMICAL NATURE OF THE SALIVARY IODINE

The evidence on th e  chem ical nature o f  the salivary iodine is

con flic tin g . Some w orkers (Freinkel and Ingbar 1953; Ruegamer e t  a l

1955; G erbaulet and Maurer 1958; and Ferguson e t  a l 1958) have reported

th a t th e  iodine in saliva is  presen t a lm ost en tire ly  in th e inorganic

form . However, in one o f  th ese  observations (Freinkel & Ingbar

1953) only a sh ort in terva l ( 2 - 3  hours) elapsed a f t e r  the adm inistra-

131
tion  o f  a tr a c e r  dose o f  I and o th ers w ere made n o t in man but in 

anim als (Ruegamer e t  a l 1955). Evidence o f  a species and individual 

sa livary  gland variation  is  provided by the work o f  W eiss e t  a l (1962). 

Using tr ic h lo ra ce tic  acid precip itation  (TCA) technique, they  have 

dem onstrated  th e  form ation  o f organic iodine compounds (commonly 

from  10 -  30 per cen t) in the parotid saliva but n ot in submandibular 

saliva o f  th e  dog. Using sim ilar m ethods they fa iled  to  dem onstrate  

organic iodine in parotid  or m ixed saUva o f man. Honour e t  al 

(1952) using TCA technique in man observed th a t while in m o st  

cases th e  unprecip itated  fra ctio n  contained nearly a ll the radioiodine, 

in a few  ca ses  the precip itab le radioactive iodine accounted fo r  a lm ost  

h a lf th e  to ta l.  Cohen (1962) also using TCA precip itation  in man found 

th a t  24 hours a f t e r  a tra cer  dose o f  radioiodine from  0 to  54 per cent  

o f  the rad ioactiv ity  in mixed saliva was presen t in the precip itable



fr a c tio n .

The chem ical nature o f  the salivary iodine has clin ical im plications. 

The plasm a inorganic iodine, an im portant investigation  in th e diagnosis 

and tr e a tm e n t o f  thyroid d isea se , is  too sm all to  be m easured d irectly . 

I t  can, how ever, be derived ind irectly  using eith er the sp ec ific  a c t iv ity ,  

a f t e r  a tra ce r  dose, o f  the saliva or th e urine. (Chapter 5 , page 32 ). 

Knowledge, th e r e fo r e , o f  the chem ical nature o f  the salivary iodine in 

norm al and d isea se  s ta t e s  is  necessary  in order to a sse ss  the su ita b ility  

o f  th e  saliva fo r  th is  c lin ical t e s t .  The clin ical applications are 

d iscu ssed  in Chapter 26, page 163.

There a re , however, two main d iffic u ltie s  to the solution o f  th is  

problem . F ir s t ly , d irect chem ical m easurem ent o f  organic iodine 

compounds would be inaccurate a t the low concentrations studied. 

Secondly, using radioistop ic methods in man i t  is  n ecessary  to  w ait fo r  

a t  le a s t  72 hours to  a s se ss  i f  organification has occurred. There is  

th ere fo re  in su ff ic ie n t  tim e fo r  equilibration and due to the decay o f  

th e  p erm itted  radiation dosage in normal su bjects, th ere  may be so 

l i t t l e  rad ioactiv ity  th a t accurate resu lts  cannot be obtained a f te r  72 

hours. I t  w as, however, possible to examine the saliva o f  thyrotoxic  

and thyroid  carcinom a p atien ts a f t e r  they had received larger doses o f  

radioiodine.



The follow ing stud ies on the chem ical nature o f the salivary iodine 

w ill be described:

a) DIRECT EVIDENCE

b) INDIRECT EVIDENCE

a) DIRECT EVIDENCE:

M ethods.

In 9 th yrotox ic  p a tien ts  sam ples o f  blood and saliva were co llec ted

131
fou r days a f t e r  a tra ce r  dose o f  150 p c  o f  I ,  and in 14 p a tien ts a f te r

a, therapeutic  dose o f radioiodine. In th is study isotop ic equilibrium was

n ot o f  course reached, and a proportion o f  th e  circulating organic

131compounds may have been due to  the therapeutic dose o f I in som e  

p a tien ts  (Stanbury and Jannsen 1963). The rad ioactiv ity  o f  plasma and 

sa liva  was m easured b efore and a f te r  passage through an anion exchange 

column (A m berlite IRA-400C1). T rich loracetic acid (TCA) (10%) was added 

to  a liquots (4:1) o f the sam e sam ples. The p recip ita te  was washed tw ice  

w ith  TCA, the volume o f the fin a l p recip ita te  was corrected  with  

deionised w ater to 1 m l. and the radioactiv ity  m easured. Ascending paper 

chrom atography was perform ed on untreated samples o f saliva using  

BuOH: HAc: H20 (78: 10: 12) as so lven t. The s tr ip s  were scanned using 

a N uclear Chicago Actigraph II. A fte r  autoradiograms o f  the sam e str ip s  

had been prepared th e s tr ip s  were stained w ith eerie arsen ite  reagents.



In a further two patients one with thyroid carcinoma and euthyroid,

the other with thyrotoxicosis, parotid and mixed saliva sam ples w ere

132collected  fou r  days a fter  a 100 me therapeutic dose o f I. The 

radioactivity was m easured before and a fter  passage through the 

Am berlite column.

RESULTS

Thyrotoxic patients: (receiving 150 jxc  dose). The percentage o f the 

total radioactivity in saliva a fter  Am berlite resin  was considerably 

low er than the percentage precipitated by TCA (Table III, 5). With 

Am berlite res in , mixed saliva was found to have le s s  than 5 per cent 

organic iodine, and parotid and submandibular saliva, le s s  than 0.5 per  

cent organic iodine. The d iscrepancies between these resu lts and the 

values o f  0.4 to 24.7 per cent fo r  mixed saliva, 1.7 to 23.2 per cent fo r  

parotid sa liva , and 5.4 per cent fo r  submandibular saliva found a fter  TCA 

precipitation are d iscussed  below. Radiochromatography and 

autoradiography o f untreated sam ples o f saliva show only an iodide peak 

(Figures III, 18-20) in parotid and mixed saliva.

High Dosage (100 me) patients: The percentage o f the total radioactivity

a fter  A m berlite resin  was 0.87 and 1.49 in parotid saliva and 6.64 and



1.77 in m ixed saliva resp ec tiv e ly  in th e two p a tien ts  studied (Table 

III, 6). Radiochromatography revealed only an iodide peak as in the  

th yrotox ic  p a tien ts .

DISCUSSION

Cohen (1962) using T .C A . precip itation  noted th at 24 hours a f te r  a 

tr a c e r  dose o f  radioiodine from  0 to 54 per cent o f  th e  rad ioactiv ity  in 

th e  saliva was p resen t in the precipitable fraction . The r esu lts  presented  

here show an obvious discrepancy between the values obtained using a 

resin  and th o se  using T.C.A. precip itation . Radiochromatography revealed  

only inorganic iodine and th is  confirm ed th e A m berlite resin  r e su lts .

One possib le  explanation o f th is  discrepancy is  th a t th e  values obtained  

a f t e r  T.C.A. are fa lse ly  high as a resu lt o f  som e iodide precip itation  w ith  

th e  sa livary  p rotein s. I t  was observed that when serum bovine albumin 

was added to the sam ples th e rad ioactiv ity  in th e  precipitable fraction  

increased  considerably. This e f f e c t  on th e  addition o f  albumin has been 

noted previously by W eiss e t  a l (1962).

131_
B ecause o f  th e  high therapeutic dose (100 me) o f  I used in the  

two p a tien ts  one w ith  thyroid carcinoma and the o ther th yrotox icosis  

optim al conditions fo r  accurate m easurem ent o f  rad ioactiv ity  are provided. 

Only sm all quantities o f organic iodine compounds 2% are presen t in both  

parotids and one sam ple o f  mixed saliva from  th e  euthyroid patien t. The



m ixed sa liva  from  th e thyrotoxic p atien t however revealed 6.64% organic 

iodine.

b) INDIRECT EVIDENCE

In th e  urine in norm al subjects iodine is  a lm ost en tire ly  in the

inorganic fo rm  (P itt-R iv e r s  and T ata 1959) and the excretion  o f  organic

iodine compounds can be sa fe ly  disregarded in normal subjects (Riggs

1952). As th e body cannot distinguish between isotopes o f iodine and

sta b le  iodine both follow  the sam e m etabolic paths. A fte r  a tra cer  dose

o f  radioiodine th e  sp ec if ic  a c t iv it ie s  o f  th e  salivary, urinary, and plasma

iodide are a ll equal, i .e .

13 2t 13 2T . 132 ,
I saliva _ I urine _ I plasma

127 ... ~ 127 . ~ 127 ,I saliva I urm e I plasma

127A s th e  PII ( I plasm a) is  too sm all to m easure d irectly  th is  isotope  

dilution principle is  used to derive th e PII ind irectly  from  m easurem ents 

o f  th e  saliva or urine sp ec ific  a c tiv ity , as described in Chapter 5 , page 30 

T hese m ethods depend upon the assum ption th a t all the salivary or  

urinary iodine is  derived from  the PII and not from  organic compounds. 

Using th e  above equation the salivary stab le  iodine can be calcu lated , 

viz .
127 132127 I urine x I saliva

I saliva = — ttz
I urine

If we assum e th ere fo re  from  the previous evidence c ited  th a t the urinary 

iodine is  in inorganic fo rm , the calculated value fo r  the salivary stab le



iodine should co rre la te  w ith  the estim a ted  concentration o f  th e  salivary  

iodide using chem ical m ethods i f  the salivary iodine is  in inorganic form .

METHODS

The iso top e dilution t e s t  as described in Chapter 5 , pages 30 and 31 

was used in 27 su bjects who had no evidence o f  salivary or thyroid  

gland d isease . From  the r e su lts  o f salivary, urinary stab le iodine and 

rad io isotop ic iodine estim a tio n s the predicted value o f salivary iodide 

was ca lcu lated  from  th e equation previously described. The salivary  

iodide was m easured chem ically (as described in Chapter 9, pageSL ).

RESULTS

T hese are shown fo r  27 subjects in Table III, 7. The mean parotid

sa livary  iodine (jug /100  m l) by calculation is  6.70 -  1.33 and by chemical

+
m easurem ent is  6.93 - 1.51. In 9 o f these subjects th e  mean submandibular 

sa livary  iodine (jxg/100 ml) w as, by calculation 5.39 -  1.00 and by chem ical 

m easurem ent 5.51 -  0.95. There is no sign ificant d ifference betw een the  

p red icted  and observed values (parotid saliva 0.5 > P > 0.4; submandibular

0 .5 > P >  0.4)

CONCLUSIONS

The stu d ies reported  on the chem ical nature o f the salivary iodide 

would ind icate th a t th e  iodine in saliva is  a lm ost en tire ly  in th e  inorganic 

fo rm . In m ixed saliva o f  one subject, a thyrotoxic p atien t who had



received  a large therapeutic dose o f radio-iodine, the organic iodine 

fr a c tio n  was g rea ter  than 5%.

The discrepancies betw een the high values using T.C.A. 

p recip ita tion  and A m berlite resin  were confirm ed in th e p resen t stud ies. 

The fo rm er  could be fa lse ly  high because o f  som e iodide precip itation  

w ith  th e  sa livary  p rotein s.

The agreem ent betw een the predicted and observed values fo r  the  

sa livary  iodide using the sp ecific  a c tiv ity  principle adds some 

con firm atory  evidence to  th e  d irect estim ation s reported. I f  a 

s ig n ifica n t percentage o f  th e  salivary iodide was organic one would have 

exp ected  th e observed value to be higher than th e  value obtained in d irectly  

from  th e  sp e c if ic  a c t iv ity  o f  the urinary iodine.
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INHIBITORS

V arious anions, e.g . perch lorate, thiocyanate and n itr a te  block  

th e  trapping o f  iodide in both the salivary and thyroid glands (W olff 

1964). The sa livary/p lasm a iodide ra tio  fa lls  a f t e r  th e  adm inistration  

o f  th e se  compounds (Rowlands e t  al 1953; Edwards e t  al 1954; Burgen 

and Seeman 1957; Ferguson e t  al 1957; Mason e t  a l 1966a).

In th is  chapter the e f f e c t s  o f potassium  perchlorate on the  

sa livary  iodide and salivary e lec tro ly te s  was studied. A lso the e f f e c t  

o f  p erch lorate on the saliva/p lasm a ratios o f  p er tec h n eta te , iodine and 

brom ine. I ts  action  is  compared w ith th a t o f  carbim azole an an ti-thyroid  

compound which blocks the syn thesis o f thyroid hormones a f t e r  iodide 

trapping has occurred.

METHODS

E xperim ent A: In two volunteer subjects saliva was co llected  a t  varying 

flow  r a te s  1 hour a f t e r  the adm inistration o f  500 mg potassium  

perch lorate  orally . In one subject parotid sa liva and in another 

submandibular sa liva  was collected .

E xperim ent B: In one volunteer the concentration o f  iodine in saliva was 

e s tim a te d  a t f iv e  m inute in terva ls  following the oral adm inistration  o f  

p otassiu m  perch lorate 500 mg*



Experim ent C: In two volunteers using the methods described  

previously , pages 127 and 128 the saliva/p lasm a ratios o f iodide, 

technetium and bromine w ere studied b efore and 30 minutes a fter  the 

oral adm inistration o f  500 mg potassium  perchlorate. In one subject 

parotid saliva and in another subject, submandibular saliva was collected  

at three d ifferen t flow  rates.

Experim ent D: In eight thyrotoxic patients the saliva/p lasm a iodide

ratios w ere m easured b efore and after  the administration o f carbim azole 

30 mg /day fo r  two weeks.

RESULTS

Experim ent A : F igures III, 21 and III, 22 show the iodide concentration 

in saliva at d ifferen t flow  rates one hour a fter  administration o f 500 mgm  

o f potassium  perchlorate orally. The blocking e f fe c t  o f  this drug on the 

salivary iodide trap can be clearly  seen. In contrast the patterns of  

sodium , potassium  and chloride secretion remain unaltered (Figure III, 22). 

In one subject the secretion o f iodide in parotid saliva f e l l  from  14 p.g/100 

ml to 2.5/ig/lOO ml and in another the iodide in submandibular saliva f e l l  

fro m  12f i gA00 ml to 0,2 p,g/100 ml.

Experim ent B : Figure III, 23 shows the seria l salivary iodide measuremenl

every f iv e  minutes follow ing the oral administration o f 500 mg o f  

potassium  perchlorate. The iodide concentration fa lls  from  2 .0 /ig /i0 0  ml



to  O.lpg/lOO  m l in 25 m inutes and from  then varies from  0 -  0.4 

p  g/100 m l up to  90 m inutes.

E xperim ent C: Tables III, 8 and IE, 9 show the marked fa ll  in sa liv a / 

plasm a ra tio s  o f  tech n etiu m , iodine and bromine a f te r  perchlorate  

adm in istration . The flow  r a te s  before and a f te r  adm inistration are 

sim ila r  and p erm it com parisons to  be made.

132
The parotid  'resting' saliva/p lasm a I ratio  fa lls  from  66.30 

to  10.00 a f t e r  perch lorate and a t high flow  ra te s  from  14.80 to  1.90 

(Table III, 8). For technetium  comparable values are 39.50 and 3.79 fo r  

'restin g ' and 7.77 and 0.68 a t  high flow  r a te s , and fo r  bromine 1.65 

reduced to 0.17 and 0.79 to  0.29.

132
The submandibular 'resting' saliva/plasm a I ratio  fa lls  from  

23.00 to  8.90 and a t  higher flow  ra te s  from  7.30 to 1.83 (Table HI, 9). 

F or technetium  comparable values are 9.45 and 1.86 fo r  'resting' and 

3.50 and 0.45 a t higher flow  r a te s , and fo r  bromine 1.09 reduced to  0.26 

and 1.12 to 0.58.
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Experim ent D: Figure IE, 24 shows the parotid saliva/p lasm a I

ra tio  b e fo r e  and follow ing th e adm inistration o f  carbimazole 30 mg 

daEy (10 mg t .i .d .)  No s ign ifican t decrease in the ratio  occurs.

P rior  to  carbim azole the saliva/plasm a ratio was 34.6 + 3.17 and 

fo  Ho wing carbim azole 38.3 + 2.03.



DISCUSSION:

The r e su lts  fo r  iodine described here are sim ilar to  th o se  o f

Ferguson e t  a l (1957) who noted a f te r  potassium  perchlorate a decrease

131
in th e  sa livary /p lasm a I ra tio  but no change in th e  chloride excretion . 

In both th e thyroid and salivary glands iodide is inhibited by perch lorate, 

th iocyanate and n itr a te , and Edwards e t  a l (1954) have shown th a t th e  

order o f  e f fe c t iv e n e s s  o f  th ese  anions is  the sam e in salivary glands 

and in the thyroid. They have suggested  th a t in both salivary and thyroid  

glands, th e  inhibition is  the re su lt  o f  com petition between iodide and 

th e  inhibiting anion fo r  a common transport process. Further evidence 

fo r  th is  view  is th a t th iocyanate (Crandall and Anderson 1934) and 

p erch lorate  (Edwards e t  al 1954) are concentrated by salivary glands and 

th iocyanate (Logothetopoulos and Myant 1956b) and perchlorate (W olff 

1964) are concentrated  by thyroid glands.

The r e su lts  o f  experim ent 'C1 confirm  the in v itro  tis su e  s lic e  

experim ent findings o f  W olff (1964) except in so fa r  as com plete  

inhibition  o f  iodine, technetium , and bromine concentration does not 

occur. A possib le explanation could be th a t the t e s t  startin g  30 m inutes 

a f t e r  th e  perch lorate had been given orally , i t s  e f f e c t  was not com plete. 

However, a m axim al e f f e c t  should have occurred one hour afterw ards

i .e .  when th e  high flow  r a te  values w ere obtained. Rowlands e t  a l 1953



also found lack o f  com plete inhibition o f  the salivary iodide trap using 

a sim ilar dosage. They reported reductions to about one seventh o f  

the original value at one hour. The reason fo r  this d ifferen ce  w ill 

require further investigation. A further experim ent, sim ilar to 

experiment TCT, has since been carried out in which potassium  

perchlorate (500 mg) was given one hour before intravenous injection  

of iodide and technetium and a sim ilar lack o f complete inhibition was 

found. It is  o f  in terest that a fter  perchlorate the residual iodide 

secretion is  a lso  dependent on flow  rate but even at high flow  rates  

concentration s till occurs. These resu lts suggest that at lea st two 

m echanism s are involved in salivary iodide concentration.

SUMMARY

The salivary concentrations of iodide, pertechnetate and bromide 

are depressed by potassium  perchlorate but not com pletely inhibited.

The m echanism  o f the residual concentration o f these ions i s  

uncertain and is  at present being investigated. However, the resu lts  

suggest that at le a st  two m echanism s are involved in salivary iodide 

concentration.

-r

The sa liva /p lasm a I ratio is  unaffected by carbimazole 

administration.
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SAUVARY IODIDE IN THYROID DISEASE 

The c lo se  s im ila r ity  betw een the salivary and thyroid iodide traps  

has already been described in Chapter 16 and w ill n o t be re itera ted  here. 

Thode e t  a l (1954) have found a correlation between th e  radioiodine 

se c r e te d  by th e  salivary glands 24 hours a f te r  the adm inistration  o f  a 

tr a c e r  dose and thyroid function. On the other hand, o th er workers 

(Freinkel and Ingbar 1953 ; Fellinger e t  al 1956; Gabrielsen and K retchm ar 

1956; and Ferguson e t  a l 1957) have found th a t the saliva/p lasm a  

radioiodine ra tio  was not co n sisten tly  a ltered  by variations in thyroid  

fu n ction . However, the re su lts  o f  isotope experim ents m ust be 

in terp re ted  w ith  caution. For exam ple, i t  has been shown th a t the  

m easurem ent o f the thyroidal radioiodine uptake and the m easurem ent o f  

th e  protein  bound radioiodine in th e plasma may be misleading and not  

re la ted  to  th e absolu te quantities o f  stab le  iodine taken up by the gland 

or th e  amount o f  hormone produced (Koutras e t  al 1961). S im ilarly, the  

absolute quantity  o f  iodine secreted  in the saliva cannot be estim ated  

w ithout chem ical iodide m easurem ents. Q uantities o f  iodide secre ted  in 

sa liva  w ere m easured and compared with the amount o f  iodide taken up 

by th e  thyroid gland in euthyroid, hypothyroid and thyrotoxic p a tien ts .



MATERIALS AND METHODS:

P a tie n ts  studied: F ifty -sev e n  p a tien ts were studied . Tw enty-one,

16 fem a le s  and 5 m ales w ere m em bers o f  the s t a f f  or  volunteers and 

w ere euthyroid. T w enty-four p a tie n ts , 19 fem ales and 5 m ales w ere 

th yrotox ic  and 12 p a tie n ts , a ll fem ales were hypothyroid. Their thyroid  

s ta tu s  was a s se sse d  clin ically  using the cr iter ia  o f  Wayne (1960) and th e  

diagnosis was confirm ed by radioiodine t e s t s  and estim ation  o f  th e  serum  

protein-bound iodine (PBI).
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Procedure: A tra ce r  dose o f  50 pc.  o f I was given to  a ll th e

p a t ie n ts , fa s t in g , along w ith  a g lass o f  w ater to  ensure adequate 

hydration. The radioiodine uptake o f  the thyroid gland was m easured a t  

60 and 150 min. using a d irectional sc in tilla tion  counter (Alexander e t  a l 

1962).

A f te r  th e f i r s t  uptake m easurem ent th e  p atien t was sea ted  

com fortab ly  in a dental chair and the mouth was rinsed w ith  an iodine- 

fr e e  m outh wash. The co llection  m ethods described in Chapter 1 w ere  

used to  obtain b oth  parotid and submandibular sa liva in 8 euthyroid  

su b je c ts , 16 th yrotox ic  and 9 hypothyroid p a tien ts . In th e  rem ainder, 

parotid  sa liva  alone was co llected . A few  drops o f  lem on ju ice w ere  

dropped on th e tongue to  ensure an adequate in itia l flow  o f  saliva and th e



saliva^ co llec ted  during the subsequent period (10 -  15 m ins.) u n til 

'restin g ' le v e ls  w ere re-e sta b lish ed , was discarded. A 30 min. saliva  

co llection  was then made commencing 90 min. a f te r  adm in istration  o f  

th e  tra ce r  dose, under 'resting ' conditions. The routine iso top e  

dilution t e s t  described in Chapter 5 was carried out. (Pages 30-33).

The thyroid clearance o f iodine and the absolute uptake o f  stab le  

iodine by the thyroid gland (AIU) w ere estim a ted  as described by Wayne 

e t  a l (1964) using th e  formula:

Thyroid . ^ 2  ^ 3 2

clearance = 150 min I uptake -  60 min 1 uptake 
132

I plasm a x tim e between 2 uptakes
and

AIU = PII x Thyroid clearance.

RESULTS:

The r e su lts  are summ arized in Tables III, 10 and III, 11. 

Euthyroid su b jec ts : The serum  PBI and the plasma inorganic iodine

(PH) concentrations and the absolute iodine uptake by the thyroid gland 

(AIU) are s im ilar  to  th e  values previously reported in a control group 

(Wayne e t  al 1964). More iodide was secre ted  in th e parotid saliva  

(mean 0.62 + SEM 0.115 jug/hr) than in submandibular saliva  

(0.27_+ 0.051 p  g /h r). The mean iodide secretion  in the saliva from  the  

two parotid  and submandibular glands under basal conditions, 1.8 jxg /h r ,  

is  o f the sam e order as the amount taken up by the thyroid, 2.1 ^ig/hr.



T hyrotoxic su b je c ts : In the 24 thyrotoxic p atien ts the serum  PBI 

ranged from  8.1 to 19.1 pg /100  ml; mean 12.4 + SEM, 0.53 pg/100 m l. 

Although th e PII was low er in the thyrotoxic than in the euthyroid  

p a tie n ts , the AIU, 19.6+  2.68 p g /h r , was sign ifican tly  higher than  

in th e euthyroid group, 2 .1+ 0.36 p g /h r  (P< 0.001). I f  only the  

p a tien ts  in whom th e  submandibular saliva was collected  are considered, 

th e  d ifferen ce  in th e  PII is le s s  marked, 0.10 pg/100  ml in the thyrotoxic  

p a tien ts  and 0.14 p g /100  m l in the euthyroid p a tien ts . The parotid  and 

submandibular sa livary  flow  ra tes  were not sign ificantly  d iffe r e n t from  

th e  r a te s  in the euthyroid p a tien ts . There was no evidence in the  

th yrotox ic  p a tien ts  o f  an increase in th e salivary iodide secretion  

paralleling th e in crease in the absolute iodine uptake by the thyroid.

Indeed, th e  iodide secre ted  in the parotid saliva 0.31 + 0.071 p g / h r ,  was 

s ig n ifica n tly  le s s  than th e  iodide secreted  in the parotid saliva o f  the  

euthyroid p a tie n ts , 0.62 + 0.115 p g /h r  (P < 0.025). There was no 

s ig n ifica n t d ifferen ce  in the amounts o f  iodide secreted  in the submandibular 

sa liva  when th e  euthyroid and the thyrotoxic patien ts were compared.

0.27 + 0.051 and 0.28 + 0.064p g / h r  respectively .

Hypothyroid su b jec ts : In th e  12 hypothyroid patien ts the serum  PBI and

th e  AIU w ere s ig n ifica n tly  lower than in the control group (P^ 0.001 and 

P < 0.05, resp ective ly ). However, the parotid and submandibular salivary  

flow  r a te s  and the iodide secre ted  in th e parotid sa liva , 0.61 + 0.103 ^ig/hr,



and the submandibular saliva 0.47 +0.146 p g A r , were not significantly  

d ifferen t fro m  the values obtained in the control patients.

DISCUSSION:

Although variations in the absolute amounts o f iodine taken up by 

the thyroid gland are as much as 100-fo ld  when euthyroid, hypothyroid 

and thyrotoxic patients are compared, no such d ifferen ces  are found in 

the amount o f iodide excreted in the saliva. The concentrating ability 

of the parotid and submandibular glands fo r  iodide appears to be 

independent o f  thyroid function. Other workers have studied the 

gradient o f radioiodine in saliva and plasm a, but not the absolute amount 

o f stable iodine excreted , and have suggested that the salivary iodide 

concentrating m echanism  is  unrelated to thyroid function (Freinkel and 

Ingbar 1953; F ellinger et al 1956; Gabrielsen and Kretchmar 1956;

Stein et al 1957).

In dogs too, Ruegamer et al (1955) found that the amount o f iodide 

excreted in the saliva was not influenced by exogenous thyroid hormone, 

but was a function o f  the circulating plasma iodide. Furtherm ore, 

alterations in thyroid function following hypophysectomy or TSH 

adm inistration does not resu lt, in the m ouse, in any change in the 

submandibular iodide pump (Taurog et al 1959).



N ev er th e le ss , Thode e t  a l (1954) found th a t the ratio  o f the saliva

radioiodine to  th e  plasm a protein-bound radioiodine was low in hyperthyroidism

relationship  betw een  sa livary and thyroid gland function. They suggested  

th a t th is  ra tio  m ight be used as a diagnostic t e s t  o f  thyroid function.

The fa lla c ie s  o f th eir  deductions have been reviewed by Fellinger e t  al 

(1956). In hyperthyroidism  the thyroidal uptake o f radioiodine is  high and 

th e r e fo r e  the plasm a radioactive iodine leve ls  fa ll  rapidly. In 

hypothyroidism  the reverse  is tru e , the plasma iodide levels  fa l l  rapidly.

In hypothyroidism  the reverse  is  tru e, the plasma iodide level fa lling  m ore  

slow ly. A s the concentration  of iodide in the saliva is  dependent on the 

inorganic iodide leve l in the blood (Ferguson e t  al 1956) th e  salivary  

radioiodine is  th ere fo re  low in thyrotoxicosis and high in hypothyroidism. 

This d ifferen ce  is  accentuated  by dividing the salivary radioiodine by th e  

plasm a protein-bound radioiodine, th e  la t te r  being high in th yrotox icosis. 

Thus the ra tio  o f  the saliva radioiodine to the plasma protein-bound

unt of inorganic circu latory iodide

D ifferen ce s  in the salivary flow  r a te s  and in the lev e ls  o f  inorganic 

iodide in th e  plasm a (PH) can explain the s lig h t d ifferences which have been  

found in th e  secre tio n  o f euthyroid, thyrotoxic and hypothyroid p a tien ts .

In th e  th yrotox ic  p a tien ts  in whom parotid saliva was co llected , the PII,



0:09 ju g/100 m l. was le s s  than the value in the euthyroid p a tien ts , 0.19 

p g/100 m l. O ther workers have also found a low PH in th yrotox icosis  

(Aboul-Khair and Crooks 1965). As the concentration o f iodide in the  

sa liva  is  dependent on the le v e l in the plasm a, a low plasma level o f  

iodide would r e su lt  in a low salivary level.

Honour e t  al (1952) studied the secretion  o f  radioiodine in th e

131saliva  a f t e r  an intravenous injection o f I and found the sa liva/p lasm a  

radioiodine concentration  always higher in parotid juice than in m ixed  

sa liva . The p resen t finding th a t the parotid gland se c r e te s  m ore stab le  

iodide in th e  saliva when compared to  th e submandibular gland is  in 

agreem ent.

Although th e iodide concentrating mechanism o f the salivary gland 

is  independent o f  thyroid function , consideration o f  th is trap is  im portant 

in any stud y  o f  iodine k in etic s. Q uantitatively, th e  amount o f  iodide 

se c r e te d  in th e  saliva o f the two parotid and submandibular glands in unit 

t im e  i s ,  in euth^foid  su b jec ts, o f  th e  sam e order as the amount taken up 

by th e  thyroid  gland. However, iodide secreted  in saliva is  not lo s t  from  

th e  body as i t  is  rapidly reabsorbed a fte r  passing into the sm all in testin e .



SUMMARY:

The amount o f  iodide secre ted  in the parotid and submandibular 

sa liva  in un it tim e has been compared to  the amount taken up by the  

thyroid gland (absolute iodine uptake or AIU) in 21 euthyroid, 24 

th yrotox ic  and 12 hypothyroid p a tien ts . Although the AIU was found to  

be high in th yro tox icosis  and low in hypothyroidism , no such d ifferen ces  

w ere found in th e sa livary iodide secreted . I t  is  concluded th a t the  

iodide concentrating  m echanism  in th e salivary glands is  independent 

o f  thyroid  function . More iodide is excreted  in parotid than in the  

submandibular saliva . In euthyroid patien ts a lm ost as much iodide 

is  se c r e te d  in th e  saliva as is  taken up by the thyroid gland.



(1) SJOGREN'S SYNDROME 

METHODS:

The clin ical details o f the 15 patients studied are shown in Table 

III, 12, three patients w ere male and 12 fem a le , the ages ranging from  

47-78 years. A ll complained o f xerostom ia and had evidence o f  kerato­

conjunctivitis sicca . The latter was confirm ed by the diminished wetting o f  

a f il te r  paper strip during a f iv e  minute Schirmer test fo r  tear secretion  

rose bengal staining o f the conjunctiva and the finding o f filam entary or 

punctate keratitis on s lit  lamp examination (Bloch et al 1965). F ive  

patients had rheumatoid arthritis diagnosed on the basis o f  the American  

Rheumatism A ssociation  criteria  (Ropes et al 1958). A summary o f the 

laboratory investigations is  included in Table III, 13.

STUDIES OF SALIVARY GLAND FUNCTION

(a) Sialography: A hydrostatic technique was employed using sodium  

m etrizoate (T riosil '45) as the contrast medium (as described in Chapter

4).

(b) M easurement o f Salivary Flow Rate: Parotid saliva was collected  

using a m odified  Carlson-Crittenden cup or by cannulation o f the parotid 

ducts (Kerr 1961) as described in Chapter 1. The saliva was passed via  

polyethylene tubing through a drip chamber and each drop recorded using 

the photoelectric detector system  described in Chapter 2. Saliva was
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THE SALIVARY IODIDE IN SALIVARY 

GLAND DISEASE

Evidence th a t th e salivary gland iodide concentrating ab ility  is  

com pletely or p artia lly  a function  o f  the duct epithelium  in animal and 

human experim ents is  advanced in Chapters 16, 17 and 25. Although th ere

power o f th e human salivary glands in d isease s ta te s .  Two d iseases  

involving salivary glands w ere studied. 1) Sjogren's d isease in which th ere

and plasm a c e lls , p ro lifera tiv e  changes a ffec tin g  the ce lls  lining the ducts,

are considered in d eta il in P a rt IV), and 2) F ibrocystic D isease, where the 

exocrine gland function , in p articu lar , th e  pancreas, sa livary, sw eat and 

bronchial glands are a ffe c te d . From studies o f  parotid saliva in p a tien ts  

with f ib r o c y s t ic  d isea se , i t  has been shown th a t the concentration o f  

sodium, calcium  and phosphorus are increased (Chauncey e t  al 1962) and 

Bessman (1956) has reported  high iodide values. It has been suggested th a t  

some abnorm ality o f  salivary duct function occurs in th is  condition 

(Chauncey e t  a l 1962; Mandel e t  al 1965).

is no d] svidence th a t th is  is  th e  s it e  o f  iodide concentration in man

it  was fq lt  th a t i t  would be o f  in te r e s t  to examine the iodide concentrating

is lo ss  o f  th e  secre to r y  parenchymal ce lls  w ith in filtra tio n  o f  lym phocytes

and diminished or absent salivary secretion  (other asp ects  o f  th is condition



collected under ’restin g 1 conditions and after  fru it gum, lem on juice (Chapter

3), and occasionally p araffin  wax stimulation was used. The collections were

continued until 1 ml. o f  saliva was obtained at each flow  rate but this was not

always possib le especia lly  under ’resting’ conditions.

132(c) M easurem ent o f  Salivary/P lasm a I Ratio: This was carried out as

detailed in Chapter 5, pages 30 and 32.

RESULTS (Table III, 14).

O f the 15 patients studied 5 had normal sialogram s and 10 abnormal. 

Under ’restin g ’ conditions no saliva was collected in 8 patients. A fter  

stim ulation with fru it  gums and lemon juice salivary flow  rate was abnormally 

low in 8 patients and all o f  these had abnormal sialogram s. In 3 o f  these  

patients no saliva was collected even aft er maximal stimulation with lemon  

juice. A ll o f  the 5 patients with normal sialogram s had normal salivary flow  

rates.

132The saliva /p lasm a I ratios in those patients in whom it was possib le to

co llect saliva are shown in Table III, 14. F irstly  in a ll 5 patients with normal

sialogram s the ratios lay within the range found in normal subjects (Figure

132
III, 14). In 4 o f  the patients with abnormal sialogram s the saliva/p lasm a I 

ratio was low fo r  the flow  rates studied. In another 3 patients with abnormal 

sialogram s the ratios w ere found to be normal.

DISCUSSION

Oral sym ptom s are a common m anifestation o f Sjogren's syndrome and 

m ore detailed studies o f oral aspects o f this condition are reported in Part IV.



I t  is  w ell recognised  th a t in th is  condition there are a ltera tio n s in

th e  gland parenchyma and in the ducts (Morgan and Castlem an 1953; Bloch

e t  a l 1965). Indeed Morgan and Castleman have described o b litera tiv e

hyperplasia and ep i-m yoepithelia l transform ation  o f  in tra-lobu lar ducts

as pathognomonic o f  Sjbgren's syndrome. Bloch e t  a l (1965) how ever,

found a wide variation  in the h isto log ica l p attern  and in only 40% o f

p a tien ts  w ere ep i-m yoep ithelia l islands found. These variations o f  duct

132
involvem ent may account fo r  the saliva/p lasm a I ra tio s found in the  

p resen t study as i t  is generally believed th a t the s it e  o f the iodide 

concentrating  m echanism  is  probably in the duct ce lls  o f the salivary  

glands. I t is  o f  in te r e s t ,  th ere fo re , th a t in 4 o f  the 7 p a tien ts  w ith  

abnormal sia logram s in whom saliva could be obtained, low saliva/p lasm a  

r a tio s  w ere obtained and th a t th ese  4 p atien ts had in f a c t  a m ore sev ere  

degree o f  s ia le c ta s is  compared w ith the remaining three p atien ts in whom 

sialographic changes w ere minimal.

(2) FIBROCYSTIC DISEASE 

METHODS

In 9 p a tien ts  w ith estab lished  F ibrocystic d isease confirm ed by 

laboratory t e s t s  and e lec tro ly te  changes in the sw eat, an oral tra cer  

dose o f  25 jj . c  I was given and the routine isotope dilution t e s t  carried  

out. P arotid  saliva was obtained using the C arlson-C rittenden cup and one



stim ulus, fru it gum s, was applied. The patients1 ages ranged from  

6 - 1 2  years o f age.

RESULTS:

T hese are recorded in Table III, 15. A ll the plasm a inorganic 

iodine (PII) and salivary iodide (SI) concentrations fa ll  within the normal 

adult range (no fig u res  fo r  children are available) except in one subject 

9a, where both the salivary iodide and plasma inorganic iodine 

concentrations are raised . The saliva/p lasm a ratio i s ,  however, within 

the adult normal range and the high salivary iodide is  in fa c t the result 

o f  the high plasm a level. In this boy the high salivary iodide concentration 

was caused by increased ingestion o f iodide probably contained in a cough 

mixture. Further examination three weeks la ter , 9b, showed that these  

abnormally high values had returned to normal.

DISCUSSION:

Examination o f  the saliva provides a convenient means o f  studying 

possib le  changes in exocrine gland function as in patients with cystic  

f ib r o s is . Submandibular saliva was not examined because o f the d ifficu lti 

inherent in collecting submandibular saliva in these young children. All 

the previous work suggesting a salivary duct d efect in this condition has 

been carried  out in parotid saliva. Elevations o f sodium and chloride 

concentrations in the saliva have been reported (Di Sant’Agnese 1958,



Barbero and Chernick 1958). However, in a carefu lly  controlled  study  

Chauncey e t  al (1962) reported  th a t such changes w ere o f  only borderline 

sign ificance. Salivary calcium  (Chauncey e t  a l 1962) and inorganic 

phosphorus (Chauncey e t  a l 1962, Mandel e t  al 1965) w ere found to  be 

elevated  in p a tien ts  w ith cy stic  fib rosis  and i t  has been suggested  th a t  

a d e fe c t  e x is ts  in the parotid  gland duct sy stem . B essm an (1956) 

rep orted , a f t e r  adm inistration  o f iodine supplem ents to  normal children

and o th ers  w ith  f ib r o c y s tic  d isease , abnormally high salivary iodide values.

132The r e su lts  reported  here show no elevation o f  saliva/p lasm a I ra tio s  

in th e p a tien ts  studied  as compared w ith the normal adult range. No 

norm al range fo r  children is  available and a s t r ic t  comparison would 

require the u se  o f  rad io -iso top ic  m ethods in normal children which is  

not ju stif ia b le . These findings reported h e r e , however, dem onstrate  

the im portance o f  re la tin g  th e  salivary iodide concentration to the  

plasm a inorganic iodide level. The la t te r  varying considerably w ith the  

ingestion  o f iodide which is  in especially  high concentration in som e  

m edicam ents, e .g . cough m ixtu res. These are prescribed in fib rocystic  

d isease because o f  th e  frequent occurrence o f bronchial in fectio n s.
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AUTORADIOGRAPHY OF THE SALIVARY GLAND

The autoradiographic stud ies reported by Cohen e t  al (1955) and 

L ogothetopoulos and Myant (1956a) were perform ed using a fr e e z e  drying 

technique in order to  avoid d iffusion o f the iodide ion during th e  

preparation  o f  the autoradiographs. Several new techniques have been 

rep orted  recen tly  to  overcom e the problems o f autoradiography w ith  

d iffu sib le  substances which avoid the t is su e  shrinkage a ssoc ia ted  with  

th e  fr e e z e  drying m ethod. The experim ent o f  Cohen e t  a l w ith th e  

h a m ster  subm axillary gland was repeated  using the method described in 

Chapter 7 which is  based upon the principle o f  keeping the t is su e  and 

t is s u e  flu id  w ithin solid ly frozen  from  the tim e o f  rem oval from  the  

in ta c t  anim al u n til th e  exposure to  the autoradiographic emulsion is  

com plete.

METHOD:

131500 jnc I w ere in jected  intraperitoneally  into 6 adult m ale 

h a m sters  weighing 150 -  160 gs. One hour la te r  under ether anaesthesia  

th e  submandibular and sublingual glands were d issected  out and placed  

im m ed iately  in to  a g lass container surrounded by carbon dioxide snow 

and m eth yl alcohol. Serial frozen  sections were cut and the autoradiographs



w ere prepared using th e  su rface tension technique described on 

page 44 , Chapter 7. This technique is  demanding and tim e consuming 

and th e r e fo r e  only the submandibular and sublingual glands w ere used. 

The main problem  is  m aintaining the low tem perature -17° C w ithin the  

c r y o s ta t . This was b e s t  achieved by cutting one block a t  a tim e.

RESULTS:

Two parts o f the duct sy stem  can be recognised readily on 

h isto lo g ica l exam ination. The proximal ducts are in tra-lobular and are 

lined by columnar ce lls  w ith a granular cytoplasm  and the nuclei are 

s itu a te d  basally . They have a narrow lumen. The m ore d ista l ducts have 

a larger circu lar lumen lined by f la t t e r  ep ithelial ce lls  w ith the nuclei 

cen tra lly  positioned  (Figure HI, 25).

S ection s o f  th e submandibular glands showed an in tense

autoradiographic im age within and around the proximal ducts (Figures

III, 25, 26 and 27). The surrounding acinar t is su e , the d ista l ducts and

th e  adjacent blood v e sse ls  showed an image only slightly  above background

131
le v e ls . The sublingual gland showed negligible concentration o f  I in 

ducts o r  acin i. In addition, however, rad ioactiv ity  was d etected  by th is  

m ethod over the lin ing o f  a few  o f  th e  large d ista l ducts o f both 

submandibular and sublingual glands.

No rad ioactiv ity  was presen t in t is su e  processed routinely through 

alcohol, w ater e tc .  As a further control som e section s were allowed to



thaw sligh tly  using the tem perature o f  the fin ger  applied on th e  

undersurface o f the g la ss  s lid e , and then trea ted  in exactly  th e  sam e  

way as the o th ers . When developed th ese  showed a d iffu se  im age over 

th e  en tire  section .

One problem  using th is  m ethod is  th a t cutting ser ia l frozen  

se c tio n s  10 ju th ick , i t  is  d iff ic u lt  to  obtain duplicate sec tio n s  fo r  

visu a l com parison. The c lo se  relationship o f  the sublingual gland is  

fo rtu n a te  in th a t a bu ilt in control is  available (Figures m ,  25 and 26).

DISCUSSION:

A ll sec tio n s  o f  the submandibular glands showed an in tense  

autoradiographic im age over th e  proximal ducts but an im age only s ligh tly  

above background in th e  adjacent acini. These appearances can be 

in terp re ted  in tw o ways. F ir s tly  iodide may be concentrated  so le ly  in 

th e  proxim al ducts and th e  image overlying th e  acini is  due sim ply to  

som e d iffu sio n  o f  iodide. Secondly both proxim al ducts and acini may 

co n cen tra te  iodide but th e  acini to  a le s s e r  degree than the ducts. The 

f i r s t  in terp re ta tio n  is  n ot improbable since, as described above, when 

d iffu sio n  is  allowed to  occur during the preparation o f  th e  autoradiographs 

a d iffu se  im age over the en tire gland w ith no particular localisation  in 

any s tru c tu re  was dem onstrated. Further experim ents a t  varying tu n e



in terva ls  a f te r  th e  adm inistration  o f  I m ight reso lve th is  problem. 

However, th e  technique described here is  exacting and tim e consuming 

and is  unsuitable fo r  a larger experim ent o f  th is nature.

T hese r e su lts  are very sim ilar to  th ose obtained by Cohen e t  al

(1955) and Logo the topoulos and Myant (1956a) using th e  fr e e z e  drying

technique. T hese workers found th e  se lec tiv e  concentration o f ^^1 

35and S -th iocyanate over the proximal ducts o f  the submandibular glands

in h a m sters  and m ice . Logothetopoulos and Myant (1956a) also noted

som e rad ioactiv ity  over th e  d ista l ducts o f the submandibular and

sublingual glands in the ham ster suggesting th a t in the form er th is  

131could r e su lt  from  I being carried down in the saliva a f te r  secretion  

from  the proxim al ducts. In the p resen t study only a few  o f  th e  larger  

d ista l ducts o f  both submandibular and sublingual glands showed radio­

a c tiv ity .

T hese autoradiographic stud ies presen t and previous, strongly  

support th e  dynamic radioisotopic stud ies o f  Burgen and Seeman (1957) 

and Burgen e t  a l (1959) in the dog parotid gland, which su ggests th a t the  

ducts are responsib le fo r  iodide tra n sfer  (page 110). They would also  

be co n s is te n t w ith  th e  inverse relationship between salivary iodide 

concentration  and flow  ra te  in mail described in Chapter 17. The 

sa livary iodide concentration  decreased linearly w ith increase in flow  

r a te  up to  about 1.5 m l/m in . T h ereafter  i t  remained constant and th e



suggestion  was m ade, page 118, th a t th is  could be caused i f  the  

sa livary  iodide was m ainly produced by the acini a t high flow  r a te s  

when th e  iodide norm ally tra n sferred  in th e  ducts was highly d iluted. 

However no d ire c t inform ation is  y e t available on th e s i t e  o f  iodide 

concentration  in human salivary  glands.

SUMMARY

131Autoradiographic stud ies o f  I in the h am ster submandibular

and sublingual glands have been described. The areas within and around

th e  proxim al ducts o f  the submandibular gland show a marked 

131concentration  o f  I. The surrounding acinar t is s u e , th e  d ista l 

ducts and the adjacent blood v e sse ls  showed an im age only s lig h tly  

above background le v e l. A few  o f  th e  larger d ista l ducts showed 

m ore in ten se  rad ioactiv ity  than the remainder.

131There is  negligible I concentration by the ducts o r  acin i o f  

th e  h a m ster  sublingual gland although a few  o f  th e  larger d is ta l ducts  

showed som e rad ioactiv ity .

These autoradiographic stud ies provide fu rth er  evidence o f  a 

d u cta l s i t e  o f  iodide tr a n s fe r  using a new approach to  t is s u e  em ulsion  

co n ta c t.



C H A P T E R  26

THE SALIVARY IODIDE AND ITS VALUE 

IN CLINICAL PRACTICE

Many aspects o f iodine m etabolism  can be fu lly  understood only i f

the concentration o f the inorganic iodine (PII) is  known (Wayne et al 1964).

The PII is  th erefore an important investigation in the diagnosis and

treatm ent o f som e patients with thyroid d isease. It has already been

em phasised (Chapter 18) that because iodide is  present in such sm all

quantities in the plasm a it cannot be measured directly. A s it is  present

in la rg er  quantities in saliva and urine, there it can be m easured chem ically.

It has been suggested by Vought et al (1963) that as there may be a d irect

relationship between the salivary iodide and the plasm a inorganic iodine (PH),

the salivary iodide concentration may be used to a s se s s  the PII directly.

F igure III, 28 shows the relatively poor correlation obtained when fee  PH is

plotted with the salivary iodide concentration in the sam e euthyroid subjects.

The PII in th is study o f euthyroid subjects was derived fro m  the sp ec ific
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activity o f  the urine, a fter  a tracer dose o f I. In p ractice, th erefore , 

th is method o f  determining the PII directly g ives poor resu lts because o f  

the variation in fee  salivary iodide concentration with flow  rate.

However, as has already been described, Chapter 18, fee PII can  be 

derived indirectly  from  the salivary iodide using the sp ec ific  activ ity  method 

This method has the great advantage feat it i s  independent o f  flo w  r a te  s in ce



/the salivary stable iod ine/ I ratio rem ains constant at varying salivary  

flow  rates. Comparing the salivary method with the urinary sp ec ific  

activity method, Harden et al (1965a) have shown an exceHent correlation  

between the PII resu lts  obtained by both methods in euthyroid subjects 

(Figure III, 29).

Most w orkers have m easured the PII from  the sp ec ific  activity o f the 

urinary iodine (Wayne et al 1964). In certain circum stances, however, this 

method is  unsatisfactory. F irstly , in d isorders o f bladder emptying due to 

advanced age, emotional fa c to rs , or d isease states such as prolapse, residual 

urine may occur and accurately timed collections o f  urine may be im possible. 

Secondly, although the urinary iodine is  usually inorganic (Riggs 1952, P itt-  

R ivers and Tata 1959), in thyrotoxicosis it is  known that the urine can contain 

sign ificant amounts o f organic iodinated compounds, (Rail 1950; B erger and 

Peyrin 1957; Alexander et al 1966), not derived from  the plasma inorganic 

iodine. In contrast, in the saliva o f the sam e patients sign ificant amounts 

of organic iodine compounds are absent (Chapter 21). Sim ilarly in a patient 

studied recently  with a type o f dyshor monogene s is  (dehalogenase deficiency) 

a large amount o f  labelled organic iodine compounds was present in the urine 

but only inorganic iodine was found in the saliva (Papadopoulos et al 1966). 

T h erefore, in thyrotoxicosis and in at lea st one form  of dyshormonogenesis 

fa lse ly  high PII values w ill be obtained using the urinary method because o f  the 

error contained in the urinary iodine concentrations. Figure III, 30 shows a
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com parison o f the fa ls e  and true values obtained resp ectively  with the urinary 

and sa livary methods. In these situations th erefo re , the salivary method has 

advantages.

One disadvantage commonly attributed to the salivary method is  the 

technical d iff ic u lt ie s  related to saliva collection. Initially, in the present 

study separated parotid and submandibular saliva was collected  but latterly  

mixed saliva has been used and sim ilar resu lts w ere obtained. Mixed saliva  

i s  ea sily  obtained fro m  practically every patient and the only fa ilu r es  which 

have been encountered so fa r  in our experience have been 4 patients with 

advanced Sj6‘gren !s Syndrome with gross atrophic salivary gland changes and 

absent secretion  o f  saliva.

132
The u se  o f  the sa liva/p lasm a I ratio as a test to d ifferen tia te between 

athyreotic cretin ism  and a type o f  dyshormonogenesis in which there is  absence  

of the iodide trapping m echanism  (Hung 1962) has already been d iscussed  

(Chapter 19, page 124).

The concentration o f radioiodine by the thyroid has enabled radioisotopic 

visualisation  o f th is gland. This investigation is  now a standard diagnostic 

test and either a scanning technique or a gamma camera can be used. Sim ilar 

use o f  the sa livary  gland iodide concentrating ability to allow visualisation o f  

the sa livary  glands has not yet been made. A salivary gland scanning technique 

has been described  in the present work in Chapter 6. Because o f the low  

radiation dosage to the subject, the isotope pertechnetate " m , which is  also  

concentrated by the salivary glands (Chapter 20), was used in preference



to  rad io isotopes o£ iodine. The p oten tia l value o f  th is  m ethod as a 

clin ica l d iagnostic procedure in salivary gland d isease has been suggested .

SUMMARY

B ecause o f  th e  variation  o f  the salivary iodide concentration  

w ith  flow  r a te  i t  cannot be used as an index o f thyroid function or 

in th e  estim ation  o f  th e  plasm a inorganic iodine (PII) d irectly . The 

sa livary  iodide concentration may be o f  value clin ically in th e  in d irect  

m easurem ent o f  th e  PII by th e  salivary sp ec ific  a c t iv ity  m ethod. In 

th yro to x ico sis  and a t  le a s t  one form  o f  dyshormo no genesis th e salivary  

iodide rem ains a lm o st com pletely  in inorganic form  in con trast to the  

urine where organic iodinated compounds have been dem onstrated. In 

th e se  conditions th ere fo re  and also where disorders o f bladder emptying 

occur th e  PII i s  m ore accurately  derived from  th e sp ec ific  a c t iv ity  o f  

th e  saliva than from  th e urine.

132The sa liva /p lasm a I ratio  can be used clin ically  in the  

in vestig a tio n  o f  "athyreotic" cretin ism .

The sa livary  gland iodide concentrating ab ility  may be o f value 

clin ica lly  in rad ioisotop ic v isualisation  o f  th e  salivary glands.



C H A P T E R  27

THE SALIVARY & THYROID GLANDS 
A COMPARISON OF THE IODIDE 

CONCENTRATING MECHANISM

Phylogenetically the thyroid gland is  derived from  the prim itive  

salivary glands o f  protochordates. Iodide was concentrated by these  

prim itive glands and a fter  organic binding was secreted into the pharynx, 

(Gorbman 1958). With evolution the thyroid gland has becom e a ductless 

gland and th erefore a gland o f internal secretion. S im ilarities remain  

however between the thyroid and salivary glands in man and it is  the 

purpose o f th is chapter to describe these and the d ifferen ces  which exist.

Iodide Concentrating Mechanisms 
in Salivary and Thyroid Glands

Iodide is  present only in minute amounts in the plasm a but the thyroid 

gland has an extrem ely e ff ic ien t iodide concentrating mechanism. The 

iodide taken up is  bound to protein and thyroid hormones are synthesised. 

Indeed, the uptake o f radioiodine by the thyroid and the re lease  o f labelled  

hormone into the blood following the administration o f a tracer dose are 

used extensively as te sts  o f thyroid function.

L ikew ise, iodide is  also concentrated in saliva to many tim es the 

plasm a lev el (Elm er 1938, Sch iff et al 1947, Honour et al 1952). Until 

recently however, no quantitative studies have been made in saliva at
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physiological iodide le v e ls , because o f  the very  sm all q u antities o f  iodide 

p resen t. Using a com bination o f  stab le  and radioiodine techniques th e  

plasm a inorganic iodine (PII) and the salivary iodide (SI) concentrations have 

been m easured. The sa livary  iodide concentration varies in versely  w ith  th e  

r a te  o f  secre tio n  up to  a flow  r a te  o f  1-2 m l/m in , th e r e a fte r  the  

concentration  does not fa ll  fu r th er  (Chapter 17). The absolu te amount o f  

iodide se c r e te d  in the saliva is  proportional to  the plasm a inorganic iodine 

concentration  (PH). The salivary iodide clearance varies w ith flow  ra te  

un stim ulated . The salivary iodide clearance is  o f  the sam e order as the  

renal and thyroid  iodide clearance (Chapter 18). The parotid  sa livary iodide 

clearance is  g r e a te r  than th e  submandibular iodide clearance. No 

relationsh ip  has been found betw een the PII and the parotid  and submandibular 

sa livary  iodide clearance. I t  is  w ell recognised th a t changes in the PII 

ou tsid e th e norm al range are accompanied by an inverse change in the thyroid  

iodide clearance. Thus when th e  PII is  abnormally high, as a f te r  adm inistration  

o f  iodide in pharm acological d oses, the thyroid iodide clearance fa lls  to  low  

values. Even w ithin th e  norm al range re la tiv e ly  high PII levels  are a ssoc ia ted  

w ith  a low thyroid  clearance (Wayne e t  al 1964). The adjustm ent o f the  

thyroid clearance to  PII is  not com p lete , however, and in persons w ith a 

high-norm al PH , m ore iodide is  accum ulated in thyroid than in persons w ith  

a low er PII. Thus, in th e thyroid , th ere  is  an incom plete h om eostatic



m echanism  tending to  m aintain the absolute amount o f  iodide 

trapped by th e  thyroid constant. In co n tra st, th ere  is  no such 

m echanism  tending to  m aintain the salivary iodide secretion  

con stan t. In th is  re sp ec t the iodide concentrating m echanism  

in th e salivary and thyroid gland appears to d iffe r .
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The sa liva /p lasm a I ratio varies w ith salivary flow  ra te . 

A t low flow  ra te s  the ra tio  may be 100 or over whereas a t high 

flow  r a te s  ra tio s  below 10 are not uncommon, in normal subjects.

In co n tra st to the thyroid where iodide taken up is  

organically  bound, th e  balance o f  evidence su ggests  th a t the  

sa livary  iodide in man is  a lm ost com pletely in the inorganic 

form  (Chapter 21). Cohen (1962) using tr ich lo ra cetic  acid  

p recip ita tion  claim ed to  dem onstrate organic iodine in human 

sa liva . O ther workers have found as in the presen t stu d ies , 

m ainly inorganic iodide (Freinkel 8c Ingbar 1953; Ruegamer e t  

al 1955; G erbaulet and Maurer 1958; Cohen and Myant 1959;

W eiss e t  al 1962). Using a combination o f  ion exchange resins  

and radiochromatography no organic compounds were found in 

the saliva o f  thyrotoxic p a tien ts  although som e o f  the iodine was 

p recip ita ted  by tr ich lo ra ce tic  acid. These findings have also  

been confirm ed in normal subjects. Organic binding o f iodine in



the salivary glands, however, like the iodide concentrating mechanism  

i t s e l f ,  appears to be subject to species variation and W eiss et al (1962) 

have shown that a substantial amount o f iodine is  organically bound in 

the saliva o f dogs.

Various anions, e.g. perchlorate, thiocyanate and nitrate block 

the trapping o f iodide in the thyroid (Wyngaarden et al 1953) and i f  

adm inistered in su ffic ien t dosage hypothyroidism may result. Perchlorate, 

thiocyanate and nitrate have all been shown to block the salivary iodide 

concentrating m echanism  (Rowlands et al 1953; Edwards et al 1954;

Burgen and Seeman 1957; Ferguson et al 1957; W olff 1964; Mason et 

al 1966b). A common transport system  which is  subject to competitive 

inhibition is  the probable underlying mechanism (Edwards et al 1954).

Carbim azole also prevents thyroid hormone synthesis by blocking 

the organic binding o f iodine a fter  trapping has occurred. It does not 

in terfere  how ever, with the iodide trap in the thyroid gland or in the 

salivary gland (Chapter 22).

The iodide uptake by the thyroid gland is  under the control o f  

thyroid stim ulating hormone (TSH) secreted by the anterior pituitary 

gland. With increased secretion  o f TSH the absolute amount o f iodide 

taken up by the thyroid is  increased and v ice versa. No sim ilar  

e f fe c t  is  observed on the salivary glands as determined by



th e  concentration  o f  iodide in the saliva (Table III, 16). This confirm s  

previous work in man (Myant 1960), in dogs (Ruegamer e t  a l 1955) and 

in m ice (Taurog e t  al 1959).

T echnetium , like iodine a m em ber o f  th e VIIth periodic group, has

som e sim ila r  b iological properties to  iodine. Both are concentrated  by

99m
th e  thyroid  gland (Andros e t  a l 1965). Technetium  is  concentrated

in saliva b u t to  a le s s e r  ex ten t than iodide. The concentration o f  both

in saliva fa lls  w ith  increasing ra te  o f  salivary flow  (Chapter 20).

9 9 m .
U sing TcO^ as a clin ical tra cer  the salivary glands as w ell as the  

thyroid  m a y b e  visualised  by radioisotopic scanning (Chapter 6) and 

p erm its  uptake m easurem ents to be made and compared.

DISEASES AFFECTING THE SALIVARY AND/OR THYROID GLAND

Various d iseases a f f e c t  both the salivary and thyroid glands. These 

w ill be considered under two headings

a) D isea ses  prim arily a ffec tin g  the thyroid gland, and

b) D isea ses  prim arily a ffec tin g  the salivary gland.

A) D isea ses  prim arily a ffe c tin g  the Thyroid Gland:

(i) Inborn errors o f  thyroid hormone syn thesis (Dyshorm onogenesis) 

The thyroid gland may fa il to  produce a normal amount o f  thyroid  

hormone even though i t  is  presented  with an adequate supply o f  iodine. 

This may be due to an inborn d e fec t  in thyroid hormone syn th esis.



, A bsence o f  the iodide trap both in the thyroid and in the salivary

glands has been described (Stanbury & Chapman i960, and W olff e t  al
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1964). The saliva/p lasm a ratio may th erefo re  be used in the  

evaluation o f  children w ith ath yreotic  cretin ism  to  determ ine w hether  

or not som e o f  th ese  children have congenital goitrous cretin ism  with  

absence o f  the trapping mechanism and have been erroneously called  

ath y reo tic . The salivary iodide trap in one patient w ith a second type  

o f  dyshorm onogenesis -  dehalogenase deficiency, has been studied.

This p a tien t excreted  large quantities o f  organic iodine in the urine, 

but in co n tra st no organic compounds were found in saliva (Papadopoulos 

e t  a l 1966).

(ii) Postradioiodine damage

Radioiodine has been used extensively  in the trea tm en t o f  thyro­

to x ico s is  and thyroid carcinoma and in a large number hypothyroidism  

r e su lts  (Beling & Einhorn 1961, Dunn & Chapman 1964 and McGirr 

e t  a l 1964). O ccasionally following a large dose o f  radioiodine a 

tra n sien t p a r o tit is  has been observed and Schneyer (1953) has reported  

a reduction in sa livary am ylase a ctiv ity . This reached a maximum  

betw een the fou rth  and ten th  day, followed by a gradual return to  

preirradiation  le v e ls . However, in p atien ts who had repeated doses 

o f  radioiodine th e am ylase a c tiv ity  was reduced fo r  much longer periods 

and in som e c a se s , remained low indefin itely . The salivary flow  ra te



was also reduced and rampant enamel dental caries o£ an atypical 

d istrib u tion  was reported  -  the f i r s t  a ffe c te d  areas being the buccal 

cerv ica l regions on the prem olar te e th  (Schneyer & T anchester 1954).

(iii) T hyrotoxicosis and myxoedema

In th yro to x ico sis  or hyperthyroidism  th e iodide trap in the thyroid  

gland is  overactive  and increased amounts o f iodine are taken up by the  

thyroid gland (Wayne e t  a l 1964). The opposite is  true in hypothyroidism  

or m yxoedem a. The iodide concentrating mechanism  o f  parotid  and 

submandibular sa livary  glands in euthyroid, thyrotoxic and hypothyroid 

p a tien ts  has been studied  quantitatively  (Chapter 23). The salivary iodide 

trap  was found to  be independent o f thyroid function. D ifferen ce  in the  

sa livary  flow  r a te s  and in th e  leve ls  o f  inorganic iodide o f  the plasma  

accounted fo r  s lig h t d ifferen ces  which w ere found in the salivary iodide 

con cen trations in th e se  groups.

In an im als, how ever, th ere is  evidence o f both h isto log ica l change 

and variation  in sa livary flow  ra te  in a ltered  s ta te s  o f  thyroid function . 

This work has been review ed by Shafer and Muhler (1960).



B) D isea ses  prim arily a ffectin g  the Salivary Gland

(i) Sjogren^ Syndrome:

This d isea se , described originally by Sjogren in 1933, has aroused  

considerable in terest recently because o f a possib le auto-immune etiology  

(Sjogren 1961; Bunim 1961, Anderson et al 1961). The syndrome con sists o f  

the triad dryness o f the mouth (xerostomia) with or without salivary gland 

enlargem ent, dryness o f the eyes (kerato-conjunctivitis sicca) and a 

connective tissu e  d isease  usually rheumatoid arthritis (Bloch et al 1965),^

The xerostom ia and kerato-conjunctivitis sicca are the resu lt o f reduced 

secretion  by the salivary and lacrim al glands which are the seat o f chronic 

inflam m atory change. The histopathological changes in the salivary and 

lacrim al glands are lo s s  o f secretory parenchymal c e lls  with infiltration  

o f  lym phocytes and plasm a ce lls; and eventual fib ro s is ;  the normal 

lobular pattern o f the glands i s ,  however, maintained. It is  o f in terest 

that sim ilar  histopathological changes occur in the thyroid glands of  

patients with Hashimoto1 s thyroiditis also  a d isease characterised by the 

presen ce in the serum  o f persistent auto-antibodies (Heaton 1959). Bloch 

et a l (1965) have shown that twenty o f sixty-two patients with Sjogren's 

syndrome had positive tanned red ce ll te sts  fo r  thyroglobulin antibodies 

and o f th ese , f iv e  had d iffu se ly  enlarged or nodular thyroids. Two o f three



who had thyroid surgery w ere shown to  have H ashim oto's thyro id itis  and 

in th e th ird  th ere  w ere fo c i o f  in te r s t it ia l  lym phocytic in filtra tio n s .

In a study o f  p a tien ts  w ith  Sjogren's syndrome i t  has been dem onstrated
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(Chapter 24) th a t  the sa liv a / plasma I ratio  m ayb e decreased in th is  

condition as w ell as th e  salivary flow  ra te . In H ashim oto's d isease the  

iodide trap  may be norm al although the ratio  o f hormone produced to  iodine 

taken up by th e  thyroid is  abnormally low (Buchanan e t  a l 1961).

(ii) F ib rocystic  D isease

The exocrine glands, in particu lar th e pancreas, sa livary , sw eat and 

bronchial g lands, are a f fe c te d  in th is condition. In th e  parotid  saliva fo r  

exam ple, the concentrations o f  sodium , calcium and phosphorus are increased  

(Chauncey e t  al 1962) and Bessm an (1956) has reported high iodide values.

High iodide le v e ls , how ever, may resu lt from  a high plasma iodide 

concentration  due to  iodide ingestion  in the form  o f  iodide containing cough 

m ixture and ton ics (Chapter 24). N either is  there evidence fo r  a d e fec t  

o f  iodide handling in th e  thyroid gland in th is  condition.

(iii) P o s t  E xternal Irradiation

X erostom ia  is  a common complaint in p a tien ts  receiving radiotherapy  

when th e  sa livary  glands lie  in the f ie ld  o f trea tm en t. Frank e t  a l (1965) 

has described progressive involution o f the serous ce lls  followed by mucous 

ce lls  resu ltin g  in glandular atrophy and intra-lobular fib ro sis . Although the  

sa livary  flow  ra te  is  decreased th e  iodide concentrating mechanism appears



to  be u n a ffe c ted  (Awwad 1959). Markson and Flatm an (1965) have described  

th e  developm ent o f  hypothyroidism  in p a tien ts  trea ted  by external 

irrad iation  o f  th e  neck region fo r  m alignant d isease not o f  the thyroid.

This may n o t , how ever, be a d irect re su lt o f irradiation damage but could 

perhaps be due to  the developm ent o f  thyroid antibodies.

SUMMARY:

The sa livary  and thyroid glands have been compared in health  and 

d isease  w ith  particu lar re feren ce  to th eir  iodide concentrating m echanism s . 

The principal s im ila r it ie s  and d ifferen ces betw een the two glands are  

sum m arised  in Table III, 17.
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P A R T  I V

I N T R O D U C T I O N

T h is  p art of the p r e se n t  w ork  r e p o r ts  the r e s u lt s  o f s tu d ie s  

in  30 p a tien ts  w ith  S jo g ren 's  sy n d ro m e . S jo g ren 's  sy n d ro m e  

c o n s is t s  b a s ic a l ly  of the tr ia d  of x e r o s to m ia  (dry m outh), 

k e r a to c o n ju n c tiv it is  s ic c a  (dry e y e s )  and rh eu m ato id  a r th r it is  or  

oth er  co n n e c tiv e  t is s u e  d is e a s e .  R ecen tly  th e r e  h as b een  

c o n s id e r a b le  in te r e s t  in  th is  con d ition  b e c a u se  o f a p o s s ib le  a u to ­

im m u n e a e t io lo g y . Som e o f the tech n iq u es fo r  the in v e s t ig a tio n  

o f s a l iv a r y  gland fu n ction , d e sc r ib e d  in  P a r t I, w e r e  u sed  to a s s e s s  

the s a liv a r y  gland in v o lv em en t in  th e se  s tu d ie s . A fter  a h is to r ic a l  

r e v ie w , d ia g n o s t ic  c r ite r ia  a re  defined  and the g e n e r a l c l in ic a l  

and la b o r a to r y  fin d in gs of each  p atien t d e s c r ib e d . T he o r a l and 

s a l iv a r y  gland in v o lv e m en t is  a s s e s s e d  u sin g  h y d ro sta tic  

s ia lo g r a p h y  and m e a su r e m e n t of sa liv a r y  flow  r a te . The r e s u lt s  

of th e s e  tw o m eth od s a r e  com p ared  and re la ted  to  the o r a l sy m p to m s  

and s ig n s .  L ab ia l gland b io p sy  i s  eva lu ated  in  a co n tro lled  s e r ie s  of 

8 p a tien ts  w ith  S jo g ren 's  syn d rom e and a ls o  in  8 p a tien ts  w ith  

'd e f in ite ' rh eu m ato id  a r th r it is .  F in a lly , the in c id e n c e  of S jo g ren 's  

sy n d r o m e in  p a tien ts  w ith  a u to -im m u n e th yro id  d is e a s e  is  

in v e s t ig a te d .
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SJOGREN'S SYNDROME - HISTORICAL REVIEW

T he fo llo w in g  a r e  e x c e r p ts  fro m  the h is to r y  o f a c l in ic a l  

c a s e  p r e se n te d  on M arch  9th, 1888, to the C lin ic a l S o c ie ty  o f 

L ondon by D r . W .B . H adden.

"The p a tien t w as a w idow , age 65, who cam e under m y  ca r e
a t St. T h o m a s 's  H o sp ita l on D ec e m b e r  1, 1887............................
. . . .  She sta ted  that about se v e n  m onths b e fo re  sh e  cam e  
under m y  n o tice  h er  m outh grad u a lly  began  to get d ry , 
and that the d r y n e ss  had s te a d ily  in c r e a s e d . To r e l ie v e  
th e  d is c o m fo r t  cau sed  by the w'ant of n atu ra l m o is tu r e  
sh e  had to be co n sta n tly  sipp ing  flu id . She com p la in ed , 
to o , that the a c t  of sw a llow in g  w as d iff ic u lt  and often
p a in f u l .............  N ea r ly  a ll  h er  tee th  w e r e  w anting , havin g
b een  e x tra c te d  n e a r ly  tw enty  y e a r s  p r e v io u s ly . The  
ton gu e w as red , d evoid  of ep ith e liu m , cra ck ed  in  a ll  
d ir e c t io n s  lik e  c r o c o d ile 's  sk in , and a b so lu te ly  d ry .
T he in s id e  of the ch eek s , the hard and so ft p a la te , w e r e  
a ls o  qu ite dry; the m u cou s m em b ran e w as sm ooth , 
sh in y , and p a le , but h ere  and th ere  a few  p a tch es of 
in je c t io n  w e r e  s e e n . The to n s i ls  w e r e  of n o rm a l s iz e  
and a p p ea ra n ce . T he back  of the pharynx w as n atu ra l 
in  c o lo u r , but th ere  w as a m ark ed  d e f ic ie n c y  of m o is tu r e . . . . 
. . . .  I m a y  m en tio n  h e r e  that during h er sta y  in  the  
h o sp ita l and w h ils t  sh e w as im p ro v in g , the w om an u su a lly  
n o ticed  so m e  m o is tu r e  in  the m outh w hen sh e began  to
m a s t i c a t e ..........................The w om an to ld  m e that about two
m o n th s b e fo re  a d m iss io n  she had o c c a s io n  to c r y , but no 
t e a r s  w ould c o m e . T he con ju n ctivae ap p eared  to  be  
n a tu ra l, but on gettin g  h er to s m e ll  a stron g  so lu tio n  of 
am m o n ia  th e la c h r y m a l s e c r e t io n  w as not s tim u la ted  in  
th e le a s t ,  a lthough  the sa m e so lu tio n  brought the te a r s  
w e llin g  to m y  e y e s  a t o n c e .............. "



T he ab ove i s  prob ab ly  the f ir s t  rec o rd ed  d e s c r ip t io n  of 

S jo g r e n 's  sy n d r o m e . It i s  an e x c e lle n t  accou n t of the com b in ed  

o r a l and o c u la r  d r y n e s s ,  i . e .  the 's ic c a  s y n d r o m e .'  A lthough  

s e v e r a l  e a r l ie r  r e p o r ts  in clu d in g  H adden's had ap p eared  (Hadden  

1888, F u ch s 1919, G ougerot 1926, B e tsc h  1928, Isa k o w itz  1928, 

C h a m b er lin  1930) it  w as not u n til 1933 that H enrik  S jogren , a 

S w ed ish  O p h th a lm o lo g ist fro m  Jonkoping, fu lly  d ocu m en ted  the  

a s s o c ia t io n  o f la c r im a l and sa liv a r y  gland in v o lv e m en t in  the  

sy n d r o m e  w hich  b e a r s  h is  n am e. In h is  in it ia l  s e r ie s ,  S jogren  

(1933) d e s c r ib e d  19 fe m a le  p a tien ts  m o s t ly  p o stm en o p a u sa l of 

w hom  13 had a r th r it is  and 6 the 's ic c a  sy n d ro m e , ' i . e .  the  

com b in ed  o r a l and o cu la r  d r y n e s s .  In ad d ition , he a ls o  

d e s c r ib e d  r h in o -p h a ry n g o la ry n g itis  s ic c a  and en la r g em en t of 

p aro tid  and l e s s  freq u en tly , the subm andibular g la n d s .

It la te r  b eca m e  apparent that rh eu m ato id  a r th r it is  w as the  

jo in t d is e a s e  r e la te d  to th is  syn d rom e (S ten stam  1947) and the  

fr e q u e n c y  of rh eu m ato id  a r th r it is  in  v a r io u s  rep orted  s e r ie s  of 

S jo g r e n 's  sy n d ro m e h as v a r ied  fro m  17% to 87% (B loch  et a l

1965). C o n v e r se ly , k e r a to -c o n ju n c tiv it is  s ic c a ,  i . e .  "dry e y e s 1' 

h a s b een  rep o rted  a s  o ccu rr in g  in  9% to 34% of p a tien ts  w ith  

rh eu m ato id  a r th r it is  (Bunim  1961). The com p on en ts o f the s ic c a



c o m p le x  h ave  b een  d e sc r ib e d  in  a s s o c ia t io n  w ith  s y s te m ic  lupus 

e r y th e m a to su s  (B ain  I960; M organ 1954; R am age and K innear

1956; S h earn  1961), p o ly a r te r it is  nod osa  (R am age and K innear

1956), p r o g r e s s iv e  s y s te m ic  s c le r o s i s  (R am age and K inn ear

1956; S h earn  I960; Stava 1958; and B lo ch  et a l  1965), and

p o ly m y o s it is  (S ilb er b e rg  and D rach m an  1962).

A  c l in ic a l  sy n d ro m e in v o lv in g  the s a liv a r y  and la c r im a l  

g la n d s h a s  b een  g iv e n  the nam e o f M ik u lic z 's  sy n d ro m e o r  

d is e a s e .  M ik u licz  (1892 tr a n s la te d  1937) d e sc r ib e d  a 42  y e a r  

old  m a le  p a tien t (F ig u r e  IV, I) w ith  b ila te r a l sy m m e tr ic a l  

e n la r g e m e n t o f th e p aro tid , la c r im a l,  su b m a x illa r y , b u c c a l and  

p a la ta l g lan d s but th e r e  w as no d e sc r ip t io n  o f d r y n e ss  o f th e eye  

o r  m ou th . B io p sy  o f the la c r im a l and su b m a x illa r y  g lands  

r e v e a le d  c o n s id e r a b le  round c e l l  in f iltr a t io n  and atrophyof the  

s e c r e to r y  p a ren ch y m a . M ik u licz  in te r p r e te d  th e fin d in g s a s  

in d ic a t in g  a lo w -g r a d e  in fe c tio n . T he nature o f M ik u lic z 's  

D is e a s e  and i t s  r e la tio n sh ip  to S jo g ren 's  syn d rom e w e r e  a s p e c ts  

w h ich  ca u sed  con fu sio n  and T h u rsfie ld  (1914) a ttem p ted  to  c la r ify  

th e  p o s it io n  by c la s s ify in g  c a s e s  of M ik u licz 's  d is e a s e  on an  

a e t io lo g ic a l  b a s is .  In 1927 S ch affer  and J a co b sen  m o d ified  

T h u rsfie ld * s  c la s s if ic a t io n  and d efin ed  two m a in  grou p s o f  

s a l iv a r y  gland d is e a s e  b ea r in g  M ik u licz 's  n am e.



(1) M ik u lic z 's  d is e a s e  of unknown e tio lo g y  and hav in g  

a b en ign  c o u r se .

(2) M ik u lic z 's  syn d rom e w hich  c o n s is te d  of a num ber  

of s p e c if ic  d is e a s e s  and d is o r d e r s  a ffec tin g  the  

s a liv a r y  a n d /o r  la c r im a l g lan d s, e . g .  tu b e r c u lo s is ,  

s a r c o id o s is ,  le u k a em ia , ly m p h o sa rco m a , lea d  and 

io d id e  p o iso n in g .

M organ  and C a stlem a n  (1953) and M organ (1954) on the b a s is

of th e ir  c l in ic a l  and h is to p a th o lo g ic a l s tu d ie s  have su g g e ste d

that group  (l), i . e .  M ik u licz 's  d is e a s e  m a y  be a v a r ia n t of the

la r g e r  sym p tom  co m p lex  of S jo g ren 's  sy n d ro m e .

M organ  (1954) s ta te s  - "A r e -e x a m in a tio n  of the c l in ic a l  
r e c o r d s  o f the 18 p a tien ts  p r e v io u s ly  co n s id e r e d  to have  
M ik u lic z 's  d is e a s e  d is c lo s e d  that a s ig n ific a n t num ber  
had o th er  com ponents of S jo g ren 's  syn d rom e su ch  a s  
k e r a to -c o n ju n c t iv it is  s ic c a , x e r o s to m ia , and rh eu m ato id  
a r t h r i t i s .

C o n v e r se ly , a study of c a s e s  c la s s if ie d  a s  S jo g ren 's  
sy n d r o m e r e v e a le d  that the in c id e n c e  of th e  s e v e r a l  
com p on en ts of S jo g ren 's  syn d rom e w as e x tr e m ly  v a r ia b le ,  
and in  ad d ition , m an y of the p a tien ts  had ch ron ic  e n la r g e ­
m en t o f the s a liv a r y  g lan d s, one of the p rom in en t fe a tu r e s  
of M ik u lic z 's  d is e a s e .

T he con d ition  c h a r a c te r ise d  by ch ron ic  en la r g em en t of 
s a liv a r y  and la c r im a l glands w hich  in  the p a st has b een  
c a lle d  M ik u lic z 's  d is e a s e ,  m a y  be a l e s s  h ig h ly  d ev e lo p ed  
v a r ia n t o f a la r g e r  sym ptom  co m p lex  S jo g ren 's  sy n d r o m e .

B e c a u s e  of the h igh  in c id e n c e  of rheum ato id  a r th r it is  in  
S jo g ren 's  syn d rom e it  i s  p o s s ib le  that the p a th o log ic  
p r o c e s s  in  the s a liv a r y  or la c r im a l glands is  s im ila r  
and of s y s te m ic  o r ig in .11



T h is  co n cep t that M iku licz*s d is e a s e  and Sjogren*s sy n d ro m e w e r e  a 

s in g le  en tity  h as now b eco m e  a ccep ted  (L ennox I960; B unim  1961; 

W aterh ou se  1963).

In 1958 J on es d e sc r ib e d  p rec ip ita tin g  a n tib o d ies  r e a c tin g  w ith  

e x tr a c ts  o f s a liv a r y  and la c r im a l glands in  a few  p a tien ts  w ith  

Sjogren*s sy n d r o m e . He su g g este d  that the sa liv a r y  and la c r im a l  

glan d s in v o lv e d  in  Sjogren*s syn d rom e m ay  have com m on  a n tig en s  

and that an  antibody  fo rm ed  a fter  dam age to a gland could  ca u se  

g e n e r a l is e d  s a liv a r y  and la c r im a l gland ch an ges.. It i s  n otew orth y , 

h o w e v e r , that the an tib o d ies  Jon es d e tec ted  in  th e se  p a tien ts  a ls o  

r e a c te d  w ith  e x tr a c ts  of hum an k idney, and w e r e  th e r e fo r e  n o n ­

org a n  s p e c if ic .  In a m uch  m o re  d e ta iled  study A n d erso n  e t  a l  

(1961) found p re c ip ita tin g  a u to -a n tib o d ies  r e a c tin g  w ith  e x tr a c ts  

of hum an  and a n im a l t is s u e s  in  p a tien ts  w ith  Sjogren*s sy n d r o m e . 

T he a n tib o d ie s  w e r e  n on -o rg a n  s p e c if ic  and w e r e  d is t in c t  fro m  

a u to -a n tib o d y  to th y ro g lo b u lin . In 1962 H eaton  rep orted  an tith yro id  

a u to -a n tib o d ie s  p r e se n t  in  52%, an tin u c lea r  fa c to r  in  48%, the  

a u to -im m u n e  co m p lem en t fix a tio n  t e s t  for  s a liv a r y  and la c r im a l  

g la n d s ,  l iv e r  and k id n ey , 49% and rheum ato id  fa c to r  82% in  a 

c l in ic a l  and s e r o lo g ic a l  study of p a tien ts  w ith  Sjogren*s sy n d r o m e .



A n im p o rta n t b a s ic  con trib u tion  to our u n d erstan d in g  of 

S jogren*s sy n d ro m e h as com e fro m  the w ork  of Bunim  and h is  

c o lle a g u e s  (B unim  1961; B lo ch  and B unim  1963; B lo ch  e t a l  

1965). T h ey  h ave  show n in  a com bined  c l in ic a l  and s e r o lo g ic a l  

stu d y  o f 62 p a tien ts  the in te r -r e la t io n s h ip  of rh eu m ato id  a r th r it is  

and o th er  c o n n ec tiv e  t is s u e  d is e a s e s ,  such  a s  p r o g r e s s iv e  

s y s t e m ic  s c l e r o s i s ,  p o ly m y o s it is ,  s y s te m ic  lupus e r y th e m a to su s , 

in  a s s o c ia t io n  w ith  com p on en ts of the s ic c a  co m p lex . T h ey  

h ave d e m o n str a te d  that the in c id e n c e  of rh eu m ato id  fa c to r  in  

p a tie n ts  w ith  th e s ic c a  co m p lex  a lon e  i s  s im ila r  to p a tien ts  

w ith  *definite* rh eu m ato id  a r th r it is .  O ther ty p ic a l s e r o lo g ic a l  

r e a c t io n s  found w e r e  the o c c u r r e n c e  o f a n t i-n u c le a r  fa c to r  (77%), 

co m p lem e n t f ix in g  antibody to l iv e r  h om ogen ate  (49%), and 

th y ro g lo b u lin  a n tib o d ies  (27%); fin d in gs w h ich  w e r e  s im ila r  to  

th o se  rep o r te d  by H eaton  (1962).

F r o m  the r e s u lt s  to d a te , th e r e fo r e , i t  i s  apparent that 

Sjogren*s sy n d ro m e h as s e r o lo g ic a l  a s p e c ts  in  com m on  w ith  

s y s t e m ic  lupus ery th em a to su s  and a u to im m u n e  th y r o id it is .  

C lin ic a lly  and s e r o lo g ic a l ly  th ere  i s  good ev id e n c e  fo r  p la c in g  

i t  w ith in  the group of d is e a s e s  in  w hich  th e r e  is  a d istu rb a n ce  

o f the im m u n e m e c h a n is m s , and w hich  have b een  d es ig n a ted  

the a u to -im m u n e  d is e a s e s  (M ackay and B u rn et 1963).
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D EFIN ITIO N , PA T IE N T S STU DIED ,
C LINICAL AND LABORATORY FINDINGS

1) DEFIN ITIO N

2) P A T IE N T S STUDIED

3) CLINICAL FINDINGS - G EN ER A L

4) LABORATORY FINDINGS

D EFIN ITIO N :

Sjogren*s sy n d ro m e c o n s is t s  o f the tr ia d  of x e r o s to m ia  

(dry  m ou th ), k e r a to c o n ju n c tiv it is  s ic c a  (dry  e y e s ) ,  and rh eu m ato id  

a r t h r it i s .  F r o m  r e c e n t  w ork  (B unim  1961, B lo ch  e t  a l  1965), i t  

i s  a p p aren t that an oth er co n n ectiv e  t is s u e  d is e a s e  m a y  be p r e se n t  

in s te a d  o f rh eu m ato id  a r th r it is  a s  ou tlin ed  in  C hapter 28 .

S a liv a r y  gland or la c r im a l gland en la r g em en t m a y  or m a y  

not be p r e s e n t .  T he te r m  fs ic c a  sy n d r o m e1 r e fe r s  to  th e  

a s s o c ia t io n  o f k e r a to -c o n ju n c tiv it is  s ic c a  and x e r o s to m ia .  Tw o  

o f  the th r e e  m a jo r  com ponents a r e  g e n e r a lly  c o n s id e r e d  su ff ic ie n t  

fo r  m a k in g  a d ia g n o s is  of Sjogren* s syn d rom e but ex c lu d ed  fro m  

the d ia g n o s is  a r e  s p e c if ic  d is e a s e  of the s a liv a r y  or la c r im a l  

g la n d s , e . g .  s a r c o id o s is ,  lym phom a and tu b e r c u lo s is .



H is to lo g ic a l ly  the syn d rom e is  c h a r a c te r is e d  by r e p la c e m e n t  

o f the a c in a r  p aren ch ym a by lym phoid  t is s u e  and an in tr a -d u c ta l  

p r o life r a t io n  o f tw o c e l l  e le m e n ts , e p ith e lia l and m y o e p ith e lia l  

w ith  th e fo r m a tio n  of ep im y o e p ith e lia l is la n d s , (M organ 1954)

F ig u r e  IV , 2 .

P A T IE N T S STUDIED:

A ll  the 30 p a tien ts  in clu d ed  in  th is  study had at le a s t  two of 

the th r e e  m a jo r  com p on en ts of S jogren ’ s sy n d r o m e . T w e lv e  o f  

the p a tien ts  had ’defin ite*  rh eu m ato id  a r th r it is  d ia g n o sed  on the  

b a s is  of the c r i t e r ia  of the A m e r ic a n  R h eu m a tism  A ss o c ia t io n  

(R opes e t a l  1958).

E v e r y  p a tien t com p la ined  of x e r o s to m ia  e ith e r  on p r e s e n ­

ta tio n  or a fte r  q u estio n in g . E igh t p a tien ts  p re se n te d  w ith  

x e r o s to m ia ,  10 w ith  k e r a to -c o n ju n c tiv it is  s ic c a ,  7 w ith  rh eu m ato id  

a r th r it is  and in  the rem a in in g  5 p a tien ts , an gu lar c h e i l i t i s ,  n eck  

s w e llin g , an g in a , w eigh t lo s s  and o s te o a r th r it is  w e r e  the 

p r e se n t in g  c o m p la in ts .

T he 30 p a tien ts  w e r e  d iv id ed  in to  tw o g ro u p s, A . and B . 

G roup A  c o n s is te d  o f 12 p a tien ts  who had rh eu m ato id  a r th r it is  

and s ic c a  com p on en ts and Group B the 18 p a tien ts  who had the  

’ s ic c a  sy n d r o m e ’ a lo n e . T he d u ration  o f the th r e e  m a jo r



com p on en ts  a r e  show n fo r  ea ch  p atien t in  T ab le  IV, 1.

C LIN ICA L FINDINGS (T ab le IV, 2)

(a) A ge and Sex  D is tr ib u t io n s . T w e n ty -s ix  f e m a le s  and 4 m a le s  

w e r e  in c lu d ed  in  the p a tien ts  stu d ied . T he to ta l age  ran ge w as  

4 7 -7 8  y e a r s  w ith  a m ea n  of 61. 8 y e a r s .  T he a g e  ran ge and m ea n  

a g e  in  the tw o su b -g ro u p s  w e r e , Group *A* - ran ge 4 7 -7 8  y e a r s ,  

m e a n  61. 0 y e a r s ,  and Group *B! range 5 3 -7 3  y e a r s ,  m ea n  62 . 3 

y e a r s .

A ge o f o n se t  of f ir s t  S icca  C om ponent. T he age  ran ge o f o n se t  

of the f i r s t  s ic c a  com ponent fo r  a ll  p a tien ts  w as 31-76 y e a r s  and  

the m e a n  age  51 .8  y e a r s .  C om parab le f ig u r e s  fo r  the tw o su b ­

grou p s w e r e : -

G roup *A* - A ge range 31-76 y e a r s ,  m ea n  51. 0 y e a r s .

G roup *B’ - A ge range 4 8 -7 0  y e a r s ,  m ea n  5 2 .4  y e a r s .

A t the t im e  o f ex a m in a tio n  the d u ra tion  o f s ic c a  com p on en ts  

w as on a v e r a g e  9 . 8 y e a r s  in  ’Group A* and 4 . 7 in  ’G roup B ’ . In 

20 o f the 30 p a tien ts  stu d ied , k e r a to -c o n ju n c t iv it is  s ic c a  and 

x e r o s to m ia  d ev e lo p e d , a p p aren tly  to g e th e r , w ith in  a p eriod  of 

one y e a r .  In 7 p a tien ts  x e r o s to m ia  sta r ted  b e fo r e  k e r a to ­

c o n ju n c tiv it is  s ic c a  and in  3 p a tien ts , k e r a to -c o n ju n c t iv it is  s ic c a



p r e se n te d  b e fo r e  x e r o s to m ia  (T ab le IV, 1).

R e la t io n  to  the M en op au se . T he r e la t io n sh ip  o f th e  o n se t  o f the  

f i r s t  s ic c a  com p on en t to the m en o p a u se  w a s s tu d ied . In 6 p a tien ts  

the f ir s t  s ic c a  sym p tom  sta r ted  at the t im e  of, or  w ith in  a 2 y e a r  

p er io d  of, the m e n o p a u se . T h ree  p a tien ts  d ev e lo p ed  a s ic c a  

com p on en t b e fo r e  the m en o p a u se  and in  15 p a tien ts  s ic c a  sy m p to m s  

b eg a n  3-21  y e a r s  a fte r  the m en o p a u se . In 2 p a tien ts  the approxim at<  

t im e  cou ld  not be d e term in e d  b e c a u se  of s u r g ic a l tr e a tm e n t. It 

i s  con clu d ed  that the o n se t of S jo g ren ’s sy n d ro m e had no w e ll  

d efin ed  r e la t io n sh ip  w ith  the m en o p a u se .

OPHT HA LMO LOGICAL EXAM INATIONS:

A ll p a tien ts  exam in ed  w ith  one ex c e p tio n  (A9) had ev id e n c e  of 

k e r a to -c o n ju n c t iv it is  s ic c a .  T h is  w as co n firm ed  by the f iv e  

m in u te  S c h ir m e r  t e s t  fo r  te a r  s e c r e t io n , r o s e -b e n g a l s ta in in g  of 

the con ju n ctiva  and the fin d in g  of f ila m e n ta r y  or punctate k e r a t it is  

on s l i t  lam p  ex a m in a tio n  (B loch  e t a l 1965).

JOINT IN V O LV EM EN T:

T w e lv e  p a tien ts  had ’defin ite* rh eu m ato id  a r th r it is .  T he  

a r th r it is  w as no d iffe r e n t  fro m  that s e e n  in  p a tien ts  who did not 

have S jo g r e n ’s syn d rom e and s e v e r a l  p a tien ts  had k n ee jo in t



e ffu s io n s  a sp ir a te d  i . e .  th ey  did not have ’d ry  jo in ts* . T h e r e  w a s  

a ls o  no o b v iou s d if fe r e n c e  in  the in c id e n c e  o f su b cu tan eou s n o d u le s  

and o th er  v i s c e r a l  in v o lv e m en t in  th is  s m a ll s e r ie s  o f p a tien ts  a s  

co m p a red  to  rh eu m ato id  p a tien ts  w ithout S jo g ren ’s sy n d r o m e .

OTHER R E SU L T S:

O nly 4 p a tien ts  had a c tu a l s a liv a r y  gland e n la r g e m e n t by  

h is to r y  a n d /o r  on ex a m in a tio n . Seven  p a tien ts  had c o -e x is t e n t  

th y ro id  d is e a s e ,  3 had R aynaud’s phenom enon, 3 had a n a em ia  (2 

ir o n  d e f ic ie n c y  and 1 p er n ic io u s  a n a em ia ) and 1 had m y a sth e n ia  

g r a v is .  T he a s s o c ia t io n  o f S jo g ren ’s sy n d ro m e and th y ro id  

d is e a s e  w i l l  be d ea lt w ith  m o r e  fu lly  in  C hapter 32 .

LABO RATO RY INVESTIGATIONS:

M eth od s: T he se r u m  g lo b u lin s  w e r e  m e a su r e d  u s in g  th e s a lt

fr a c tio n a tio n  m eth o d . W hite blood count, E . S . R . ,  and h a em o g lo b in  

w e r e  e s t im a te d  by standard  la b o r a to r y  p r o c e d u r e s . T he  

fo llo w in g  s e r o lo g ic a l  t e s t s  w e r e  p e r fo rm ed , (1) tanned  r ed  c e l l  

h a e m a g g lu tin a tio n  t e s t  (T . T . R . C . ) fo r  thyr© globulin  a u to -  

a n tib o d ie s  (F u lth orp e e t a l  1961). S tartin g  d ilu tio n s  a t  1:16 w e r e  

e m p lo y e d . (2) H yland L a tex  a g g lu tin a tio n  ( R .A .)  t e s t  and  

s e n s i t is e d  sh e e p  c e l l  a g g lu tin a tio n  (S . S . C -A . ) t e s t  {Z iff e t  a l  1956),



S ta rtin g  d ilu tio n  fo r  S .S .C .A .  w as 1:32. (3) p r e c ip it in  t e s t s

fo r  a n tib o d ie s  to c e l lu la r  co n stitu en ts  (A n d erson  e t  a l  1962b), 

u sin g  undilu ted  s e r u m . (4) L .E .  c e l l  t e s t  and H yland L a tex  

a g g lu tin a tio n  ( L .E . )  t e s t  fo r  a n ti-n u c le o p r o te in . (5) f lu o r e s c e n t  

a n tib od y  s tu d ie s  fo r  a n tin u c lea r  fa c to r  ( A .N .F .  ), (B eck  1961). 

T he lo w e s t  se r u m  d ilu tio n  te s te d  fo r  A .N .F .  w a s 1:16. T he 1:16 

s ta r t in g  d ilu tio n s  w e r e  p rep ared  fo r  A . N . F . and T . T . R . C . 

t e s t s  in  v ie w  o f the h igh  freq u en cy  o f p o s it iv e  t e s t s  a t lo w er  

d ilu tio n s  in  h o sp ita l p op u lation s (B eck  1961, H ackett e t a l I960 ). 

W hen p o s it iv e  r e s u lt s  w e r e  obtained  w ith  the s c r e e n in g  t e s t s  

the s e r a  w e r e  t itra te d  at fou rfo ld  d ilu t io n s . T he m o r p h o lo g ic a l  

p a ttern s  o f n u c le a r  s ta in in g , e . g .  " hom ogeneous"  " sp eck led "  

and " n u cleo lar"  produced  by a n tin u c lea r  a u to -a n tib o d ie s  w e r e  

d efin ed  by  the c r ite r ia  d e sc r ib e d  by B eck  (1961, 1962, 1963).

R E SU L T S:

T he r e s u lt s  of th e s e  la b o ra to ry  in v e s t ig a t io n s  a r e  d e ta ile d  

in  T a b le  IV , 3.

T h ree  of the 30 p a tien ts  (A ll, B3 and B12) had h a em o g lo b in  

v a lu e s  of l e s s  than 10g/100 m l.  On m o r e  d e ta iled  ex a m in a tio n  

of th e s e  p a tien ts  2 had s im p le  ir o n  d e f ic ie n c y  a n a em ia  and 1 had  

p e r n ic io u s  a n a em ia  a s  d efin ed  by a ch lo rh y d r ia  w ith  au gm en ted



.h ista m in e  t e s t ,  m e g a lo b la s t ic  bone m a rro w  and ab n o rm a l 

S ch illin g  t e s t  c o r r e c te d  by in tr in s ic  fa c to r . T h is  p a tien t  

a ls o  had an tib od y  to  g a s tr ic  p a r ie ta l c e l ls  a s  d e te c te d  by an  

in d ir e c t  im m u n o flu o r e sc e n c e  tech n iq u e (A dam s et a l  1964).

F iv e  p a tien ts  had a to ta l w h ite c e l l  count l e s s  than 4 , 0 0 0 /c m m  

and one of th e s e  had a count l e s s  than 3, 0 0 0 /c m m  (p atien t B12 

w ho a ls o  had p e r n ic io u s  a n a em ia ). D iffe r e n t ia l w h ite  c e l l  

cou n ts in  th e s e  p a tien ts  w ith  leu co p en ia  show ed a r e la t iv e  

ly m p h o c y to s is .  T he e ry th ro c y te  sed im en ta tio n  ra te  w as  

e le v a te d  (above 15 m m  in  the 1st hour) in  22 p a tie n ts , e s p e c ia l ly  

so  in  th o se  w ith  rh eu m ato id  a r th r it is .  T he to ta l se r u m  

g lo b u lin s  ex c e e d e d  3g /100  m l in  19 p a tie n ts , the h ig h e s t  s e r u m  

g lo b u lin  b e in g  4 . 5 g /100  m l in  a p atien t (A7) w ith  rh eu m ato id  

a r th r it is  .

A n in te r e s t in g  find ing w as the p r e s e n c e  of rh eu m ato id  

fa c to r  a s  d e term in e d  by the H yland R .A . t e s t  in  a l l  but 6 p a tien ts  

s tu d ie d . T h e se  6 p a tien ts  a ll  had the ’ s ic c a  sy n d r o m e ’ a lo n e .

T he s e n s i t is e d  sh eep  c e l l  a g g lu tin a tion  t e s t  (SSCA) w as l e s s  

fr e q u e n tly  p o s it iv e  than the H yland R .A . t e s t  e s p e c ia l ly  in  th o se  

p a tien ts  w ith  the ’s ic c a  sy n d r o m e’ a lo n e . R heum atoid  fa c to r  

h a s  b een  show n by an im m u n o flu o r e sc e n c e  tech n iq u e to be p rod u ced
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by th e p la sm a  c e l l s  su rrou n d ing  su bcutan eou s n od u les and g e r m in a l  

c e n tr e  c e l l s  of lym ph  n od es a d jacen t to the in fla m ed  jo in ts  

(M e llo r s  et a l  1961). W here it  a r i s e s  fro m  in  p a tien ts  who on ly  

h a v e  th e ' s ic c a  sy n d r o m e 1 i s  not known but it  i s  of in t e r e s t  that 

B unim  et a l (1964) have rep o rted  one p a tien t in  w hom  rh eu m ato id  

fa c to r  w a s p r e se n t  in  the p la sm a  c e l ls  w ith in  the p arotid  gland and 

c e r v ic a l  lym p h  n o d e s . A  h igh  in c id e n c e  of rh eu m ato id  fa c to r  

in  p a tien ts  w ith  the 's ic c a  syndrom e* on ly  has b een  rep o rted  

p r e v io u s ly  by  B lo ch  e t  a l (1965).

T he L .E .  la te x  and L .E .  c e l l  t e s t s  w e r e  n eg a tiv e  in  a l l  

p a tie n ts . H eaton  (1959) found a h igh  in c id e n c e  o f L .E .  c e l l  

p h en om en a in  S jo g ren 's  p a tien ts  stud ied  but the c l in ic a l  fin d in g s  

o f m a n y  o f the p a tien ts  a r e  not fu lly  d e ta ile d  and i t  i s  u n cer ta in  

how  m a n y  had rh eu m ato id  a r th r it is .  In the stud y  o f B lo c h  e t a l  

(1965) L .E .  c e l l  t e s t s  w e r e  on ly  p o s it iv e  in  8% of the p a tien ts  

ex a m in ed  and a l l  o f th e se  had rheum ato id  a r th r it is .  H o w ev er , 

p a tien ts  w ith  S jo g ren 's  syn d rom e and s y s te m ic  lupus e r y th e m a to su s  

. h a v e  b een  rep o rted  in  the lite r a tu r e  although none w e r e  found h e r e .  

T he m o r e  s e n s it iv e  t e s t  fo r  antibody to c e l l  n u c le i , i . e .  

a n tin u c le a r  fa c to r  te s t ,  w a s p o s it iv e  in  16 of the 30 p a tien ts  

stu d ied  and rea c h e d  a t itr e  of 1 in  1000 in  3 p a t ie n ts . T he  

a n tin u c le a r  fa c to r  t e s t  w as m o r e  freq u en tly  p o s it iv e  in  h ig h er



t i t r e s  in  th o se  p a tien ts  w ith  S jo g ren 's  sy n d ro m e who had rh eu m ato id  

a r th r it is  than  in  th o se  p a tien ts  who had s ic c a  com p on en ts a lo n e .  

T h is  fin d in g  i s  co n tra ry  to that of B loch  e t a l (1965) w ho found that 

the in c id e n c e  and t itr e  o f a n tin u c lea r  fa c to r  w as h ig h er  in  th o se  

w ith  th e 's ic c a  co m p lex ' a lo n e . T he d is c r e p a n c y  b etw een  th e se  

r e s u lt s  m a y  be accou n ted  fo r  by the l e s s  c l in ic a l ly  s e v e r e  c a s e s  

w ith  th e 's ic c a  syndrom e* a lo n e  in  the p r e se n t  stu d y . In the  

stu d y  o f B lo ch  e t  a l  the p a tien ts  w e r e  ob tained  by c l in ic a l  

s e le c t io n  fro m  h o sp ita ls  throughout the U .S .A .  on the b a s is  of 

th e ir  c l in ic a l  s e v e r i ty  (B uchanan 1966). P r e c ip ita t in g  a n tib o d ies  

to  t is s u e  e x tr a c ts  (d is t in c t  fro m  a n ti-th y ro g lo b u lin ) w e r e  p r e se n t  

in  8 p a tien ts  3 of w hom  had the 's ic c a  syndrom e* a lo n e . S ix  

p a tien ts  had a n ti-th y ro g lo b u lin  a u toan tib od ies  (20%) and o f th e s e  

5 w e r e  o f  r e la t iv e ly  h igh  t itr e  (1:4000). The s ig n if ic a n c e  of 

th is  fin d in g  w il l  be d is c u s s e d  in  m o r e  d e ta il in  C hapter 32 .

It i s  c le a r  fro m  the above c l in ic a l  and s e r o lo g ic a l  f in d in g s  

and a ls o  fro m  th o se  of B lo ch  e t a l (1965) that S jo g ren 's  sy n d ro m e  

i s  a s s o c ia te d  w ith  a w id e sp ec tru m  of a u to im m u n ity  both of 

n o n -o r g a n  and organ  s p e c if ic  ty p e . A n tib o d ies  to the c y to p la sm  

of s a liv a r y  gland d u cts h ave b een  reported by B e r tr a m  and H a lb erg

(1964) in  S jo g ren 's  syn d rom e but th e se  ap p a ren tly  c r o s s  r e a c t  

w ith  a nu m ber of o th er  t i s s u e s ,  e . g .  b r e a s t  (A n d erson  e t a l  1966
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u n p u b lish ed ). F u rth er  w ork  w ith  th is  a u to -a n tib o d y  is  c le a r ly  

req u ir ed  and m a y  h e lp  to e lu c id a te  the en igm a  o f the  

im m u n o lo g ic a l ch an ges found in  th is  d i s e a s e .  S jo g ren 's  sy n d ro m e  

c h a lle n g e s  m an y  s e r io u s  d is e a s e s  su ch  a s  s y s te m ic  lupus  

e r y th e m a to su s  in  the num ber and d iv e r s i ty  o f the a u to -a n tib o d ie s  

found. T he b en ign  c o u r se  of S jo g ren 's  sy n d ro m e i s  ev id e n c e  

a g a in s t  th e d ir e c t  p ath ogen ic  r o le  o f c ir c u la t in g  a u to -a n tib o d ie s  

a lth ou gh  i t  i s  n otew orth y  that a n tib o d ies  to d e so x y r ib o n u c le ic  a c id  

h ave not b een  found in  S jo g ren 's  sy n d r o m e . T h is an tib od y , w h o se  

r o le  i s  u n d e term in ed , i s  p r e se n t  in  a p ro p o rtio n  of p a tien ts  w ith  

s y s t e m ic  lupus e r y th e m a to su s  and in  p a r tic u la r  th o se  w h o se  

i l ln e s s  runs a fu lm in a tin g  c o u r se  (C a sa ls  e t a l  1964).
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C H A P T E R  3 0

ORAL AND SALIVARY GLAND INVOLVEMENT

R heum atoid  a r th r it is  and k e r a to -c o n ju n c t iv it is  s ic c a  a r e  

d ia g n o se s  r e a d ily  m ad e by w e ll  d efin ed  c r i t e r ia .  The p o s it io n  

i s  l e s s  c le a r  w ith  reg a rd  to x e r o s to m ia . Som e au th ors a c c e p t  

the h is to r y  and a p p earan ce  of d ry  m outh  a s  p ro o f o f the p r e s e n c e  

of th is  s ic c a  com ponent (A llington  1950), w h ile  o th ers  req u ir e  

s ia lo g r a p h ic  ev id e n c e  or the r e s u lts  of sa liv a r y  flo w  s tu d ie s  

(B1 och  et a l 1965). C lin ic a l s tu d ie s  of m o r e  than a few  p a tien ts  

h ave se ld o m  b een  r e c o r d e d . In th is  ch ap ter  I sh a ll d e s c r ib e  

s tu d ie s  o f th e  o r a l sy m p to m s and s ig n s  and in v e s t ig a t io n s  of  

s a l iv a r y  gland fu n ction  in  the 3 0  p a tien ts  w h o se  g e n e r a l c l in ic a l  

and la b o r a to r y  r e s u lt s  have b een  rep o rted  in  the p rece d in g  

ch a p ter .

M ETHODS

a ) H is to r y  tak ing; E ach  p atien t w as q u estio n ed  about the  

fo llo w in g  sy m p to m s: d u ra tion  and nature of o r a l d r y n e s s ,

d if f ic u lty  in  m a s t ic a t io n , e . g .  food s tick in g  to  d en tu res  or  

o r a l m u c o sa , d iff ic u lty  in  sw a llo w in g , in c r e a se d  flu id  in tak e  

(during m e a ls ,  in  g e n e r a l a n d /o r  having flu id s  a v a ila b le  at



. b ed sid e , d u rin g  the n igh t), a b n o r m a lit ie s  o f t a s t e ,  o r a l s o r e n e s s ,  

i l l - f i t t in g  d e n tu r e s , o r a l u lc e r a t io n  and f is s u r in g  or  u lc e r a t io n  

o f l ip s .  The p a tien ts  w e r e  then  exam in ed  fo r  any o r a l s ig n s .  

D r y n e s s  of the m outh , f is s u r in g  of the ton gu e, a n gu lar  c h e i l i t i s  

o r  c h e i lo s is ,  u lc e r a tio n , d en ta l c a r ie s ,  d en tu re  trau m a e tc .

b) S ia lograp h y: A s a lr e a d y  d e sc r ib e d  in  C hapter 4 the h y d r o ­

s ta t ic  tech n iq u e o f s ia lo g r a p h y  w as d ev e lo p ed  b e c a u se  of 

p r o b le m s  r e la t in g  to the u se  of th is  p ro ced u re  in  p a tien ts  w ith  

S jo g r e n 's  sy n d r o m e . F ig u r e  I, 13, sh ow s the r e s u lt s  o f  

s ia lo g r a p h y  u s in g  a hand in je c t io n  tech n iq u e in  a p a tien t w ith  

a m a r k e d ly  a tro p h ic  g lan d . T h ere  i s  m a rk ed  e x tr a v a sa tio n  

o f c o n tr a s t  m ed iu m  in to  the su rrou n d in g  t i s s u e s .  T h is  i s  

e s p e c ia l ly  l ia b le  to o ccu r  in  a tro p h ic  g lan d s a s ,  in  th is  

co n d itio n  and e s p e c ia l ly  w hen the hand in je c t io n  tech n iq u e is  

em p lo y ed , the f i l l in g  p r e s s u r e  cannot be ad eq u a te ly  c o n tr o lle d .

T he h y d r o s ta t ic  tech n iq u e w as th e r e fo r e  d ev e lo p ed  

u s in g  sod iu m  m e tr iz o a te  (T r io s i l  ’4 5 ')  a s  the w a ter  so lu b le  

c o n tr a s t  m ed iu m  (as d e sc r ib e d  in  C hapter 3 ). T he c o n tr a s t  

m ed iu m  en tered  the duct through a ta p ered  p o ly e th y le n e  

c a th e te r  fro m  a g la s s  co n ta in er  p o sitio n ed  7 0 - 9 0  cm s ab ove  

the p a tie n t's  h ead . U sin g  th is  m ethod  o v e r f i l l in g  of the gland



r a r e ly  o c c u r r e d . A  f ilm  w as tak en  at the co m p le tio n  of the  

f i l l in g  p h a se . A s the w a ter  so lu b le  c o n tr a s t  m ed iu m  is  

ra p id ly  e x p e lle d  fro m  the glands and d u cts a s e c r e to r y  p h a se  

f i lm  w as tak en  f iv e  m in u tes  a fte r  co m p le tio n  of the f i l l in g  

p h a se . B e tw een  the two p h a se s  s a liv a r y  flow  w as s t im u la ted  

w ith  le m o n  j u ic e .

c )  M ea su rem en t of S a liv a r y  F lo w  R ate In the t e s t s  of 

s a l iv a r y  gland fu n ction  the s a liv a r y  flow  s tu d ie s  w e r e  c a r r ie d  

out on the sa m e  gland (r igh t or le ft  p a ro tid ) w h ich  had b een  

e x a m in ed  s ia lo g r a p h ic a lly . In 23 p a tien ts  p arotid  sa liv a  w a s  

c o l le c te d  u s in g  a m o d ifie d  C a r lso n -C r itte n d e n  cup or by  

can n u la tion  of the parotid  d u cts  a s  d e s c r ib e d  by K err  (1961). 

T he s a liv a  w as p a sse d  v ia  p o ly e th y len e  tubing through  a d r ip  

ch am b er and ea ch  drop reco rd ed  u sin g  the p h o to -e le c tr ic  

d e te c to r  s y s te m . T h e se  m eth o d s a r e  d e s c r ib e d  in  d e ta il  in  

C h ap ters 1 and 2.

S a liva  w as c o lle c te d  under ‘r e s t in g 1 con d itio n s and a fte r  

fr u it  g u m s, le m o n  ju ice  and o c c a s io n a lly  p a ra ffin  w ax  s t im u ­

la t io n . T he c o lle c t io n s  w e r e  continued  u n til 1 m l .  of sa liv a  

w as ob ta ined  a t each  flow  ra te  but th is  w as not a lw a y s  p o s s ib le  

e s p e c ia l ly  under ‘r e s t in g 1 con d ition s .
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R E SU L T S

a ) O ra l Sym ptom s and S igns a s s o c ia te d  w ith  X e r o s to m ia  

T h e s e  a r e  r e c o r d e d  for  ea ch  p atien t in  T a b le s  IV , 4 & IV , 5.

A ll the p a tien ts  com p la in ed  of o r a l d r y n e s s ,  in  18 p a tien ts  it  

o c c u r r e d  in te r m itte n tly , and in  12 p a tien ts  i t  w as p e r s is t e n t .  

D if f ic u lt ie s  w ith  m a stic a tio n ;  in c r e a se d  flu id  in ta k e  w ith  m e a ls ,  

and in  g en era l;  f is s u r in g  or u lc e r a t io n  of the l ip s ;  w e r e  a l l  

d e s c r ib e d  by o v er  50% of the p a tien ts  q u estio n ed . A  d ry  

m ou th  w a s p r e se n t  in  19 of the 3 0  p a tien ts  ex a m in ed .

F is s u r in g  o f the tongue and lip s  was a ls o  co m m o n ly  o b se r v e d  

(F ig u r e s  IV, 3 - IV, 5).

T a s te  a b n o r m a lit ie s , o r a l u lc e r a t io n  and d if f ic u lt ie s  

in  sw a llo w in g  w e r e  rep o rted  by a few  p a tie n ts  o n ly . A ny  

o r a l u lc e r a t io n  p r e se n t  w as d ia g n o sed  fro m  the h is to r y  o r  

found on su b seq u en t exam in a tio n  to be o f tra u m a tic  o r  aphthous  

o r ig in  in  th e  few  in s ta n c e s  it  did o c c u r . T h ree  p a tien ts  

co m p la in ed  o f a "brown skin" p e e lin g  off the lip s  and m outh  

ea ch  m o rn in g , a sym ptom  p r e v io u s ly  rep o rted  by B lo ch  e t a l  

(1965) in  th e ir  s e r i e s .  In 3 p a tien ts  a p r e v io u s  d ia g n o s is  

o f " a llerg y "  to p la s t ic  d en tu res  had b een  m a d e  e ls e w h e r e  and  

one p a tien t had b een  a d v ised  sh e w as a l le r g ic  to a p la s t ic
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a r t i f ic ia l  ey e  b e fo r e  k e r a to -c o n j  u n c t iv it is  s ic c a  w a s  d ia g n o se d .  

T he fo r m e r  w e r e  not in  fa c t  tru e  "denture a l le r g ie s "  but due 

to  tra u m a  fro m  a r t i f ic ia l  d en tu res  w h ich  w e r e  g e n e r a lly  l e s s  

w e ll  to le r a te d  in  the m o s t  s e v e r e ly  a ffe c te d  p a t ie n ts . T he  

m o s t  co m m o n  d en tu re co m p la in t, not su r p r is in g ly , in  v ie w  o f  

th e d e c r e a s e d  am ount o f sa liv a  w a s lo o s e n e s s  and th is  w ould  

o f c o u r s e  con tr ib u te  to ch ro n ic  trau m a o f th e o r a l m u c o s a .

A n oth er  p a tien t w a s  d ia g n o sed  e r r o n e o u s ly  a s  h a v in g  a m ix e d  

p a ro tid  tu m our lO  y e a r s  p r e v io u s ly .

O nly th r e e  p a tien ts  had n a tu ra l te e th  p r e se n t , and in  tw o  

o f th e s e  the in c id e n c e  of d en ta l c a r ie s  had b een  noted  to  

in c r e a s e  r e c e n t ly  s in c e  x e r o s to m ia  o c c u r r e d . It w a s  a 

d isa p p o in tin g  fe a tu r e  of the c l in ic a l  stud y  that so  few  p a tien ts  

had n a tu ra l te e th . In a l l  ed en tu lou s p a tien ts  h o w e v er  the  

co m p la in t of x e r o s to m ia  a r o s e  b e fo r e  the in s e r t io n  of 

a r t i f i c ia l  tee th  and in  none of th e s e  w as a h is to r y  of ram pant  

d en ta l c a r ie s  d e s c r ib e d .

T he o r a l sy m p to m s and s ig n s  of grou p s 'A* and fB* 

w e r e  com p a red  but no a p p rec ia b le  d if fe r e n c e s  w e r e  found  

(T ab le  IV , 6 ). H o w ev er , o r a l sy m p to m s and s ig n s  a s s o c ia te d  

w ith  x e r o s to m ia  w e r e  c o n s id e r a b ly  m o r e  co m m o n  in  p a tien ts



.w ith  a b n o rm a l s ia lo g r a m s  than in  th o se  w ith  n o rm a l s ia lo g r a m s  

(T ab le  IV, 7 ).

b) S ia lograp h y; Of the 3 0  p a tien ts  stu d ied  14 had n o rm a l  

s ia lo g r a m s  and 16 had a b n o rm a l s ia lo g r a m s  (T ab le IV, 8).

T he 16 a b n o rm a l s ia lo g r a m s  w e r e  c la s s i f ie d  on a p u re ly  m o r p h o ­

lo g ic a l  b a s is  a s  p u n cta te , g lo b u la r , or c a v ita r y , a s  d e s c r ib e d  

by Rubin and H olt (1957), and a tro p h ic , w h ere  m a rk ed  

d im in ish e d  a r b o r isa t io n  of the duct s y s te m  w as ap p a ren t.

T y p ic a l ex a m p le s  a r e  show n in  F ig u r e s  IV, 6 - IV, 11.

P u n cta te  s ia le c t a s i s  w as p r e se n t  in  6, g lob u lar  in  4 , and 

c a v ita r y  in  3 p a t ie n ts . A trop h ic  ch an ges w e r e  p r e se n t  a lo n e  

in  3 p a tien ts  and a cco m p a n ied  s ia le c t a s i s  in  6 p a t ie n ts .

A  c o m p a r iso n  b etw een  G roup 'A' and G roup 'B* show  58% 

and 50%  had ab n o rm a l s ia lo g r a m s  r e s p e c t iv e ly .  No 

d if fe r e n c e  in  th e type of a b n o r m a lit ie s  w as ap p aren t b e tw een  

th e tw o g r o u p s .

c )  S a liv a r y  F lo w  R a te : Of the 23 p a tien ts  ex a m in ed  12 had  

a b n o rm a l and 11 n o rm a l s ia lo g r a m s . U nder 'r e s t in g 1 con d itio n s  

no sa liv a  w a s c o lle c te d  fro m  9 p a tien ts  (T ab le  IV , 9)- In a l l  of 

th e s e  p a tien ts  w ith  one ex ce p tio n  (B18) s ia lo g r a m s  w e r e  a b n o rm a l. 

In 1 p a tien t the s a liv a r y  flow  ra te  under 'r e s t in g ' co n d ition s



w a s d im in ish e d  and in  an oth er 3 p a tien ts  w ith  ab n o rm a l 

s ia lo g r a m s  the 'r e s t in g 1 flow  ra te  w as w ith in  the a u th o r 's  

n o rm a l ran ge (F ig u r e  IV, 12).

A fte r  s t im u la tio n  w ith  fru it  gum s and le m o n  ju ic e  the  

s a liv a r y  flow  ra te  w as a b n o rm a lly  low  in  lO  p a tien ts  and a ll  

of th e s e  had ab n orm al s ia lo g r a m s . In 4 of th e s e  p a tien ts  

no s a liv a  w as c o lle c te d  even  a fter  m a x im a l s tim u la tio n ,  

tw o of th e se  p a tien ts  (A4, B 4) had c a v ita r y  s ia le c t a s i s ,  

an o th er  (B17) g lob u lar , and the fourth  (A l) e x tr e m e  a trop h ic  

ch a n g es . T en  of the 11 p a tien ts w ith  n o rm a l s ia lo g r a m s  had 

n o rm a l s a liv a r y  flo w  r a te s .  A  ty p ic a l tr a c in g  obtained  on  

the p h o to -e le c tr ic  drop  r e c o r d e r  in  a p atien t (A2) in  w hom  

th e s a liv a r y  flow  w as d im in ish ed  but not a b sen t i s  show n in  

F ig u r e  IV , 13.

On com p a rin g  the s a liv a r y  flow  r a te s  of G roup 'A' 

and G roup 'B ' p a tien ts  w hen high flow  r a te s  a r e  stud ied , 

a d e c r e a se d  flow  is  apparent in  Group 'A' and Group 'B ', 

in  c o m p a r iso n  w ith  a co n tro l s e r ie s  su ita b ly  m atch ed  

fo r  a g e  and s e x  (T ab le IV, 9)- When the s a liv a r y  

flow  r a te s  o f lO p a tien ts  w ith  ab n orm al s ia lo g r a m s  a r e  

co m p a red  w ith  the flow  r a te s  of lO p a tien ts  w ith  n orm al
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s ia lo g r a m s  a s ig n if ic a n t  red u ctio n  in  s a liv a r y  flo w  r a te  is  

o b se r v e d  (T ab le IV, lO ) -  a t  both low and high flow  ra te s  

P <  0 .0 0 5 .  A ll  of the p a tien ts  exam in ed  w ith  n o rm a l

s ia lo g r a m s  have in  fa c t  s a liv a r y  flow  r a te s  w ith in  the  

a u th o r 's  n o rm a l ran ge (F ig u r e  IV , 12), and s im ila r  to  the  

c o n tr o l grou p . In F ig u r e  IV, 12, the s a liv a r y  flow  r a te s  in  

S jo g r e n 's  p a tien ts  w ith  a b n orm al s ia lo g r a m s  a r e  s e e n  in  

r e la t io n  to  the v a lu e s  obtained  in  93 n o rm a l s u b je c ts .

DISCUSSION

O ra l sy m p to m o lo g y  i s  a com m on  m a n ife s ta t io n  o f  

S jo g ren 's  sy n d r o m e . T he d ia g n o s is  m a y  be m ad e la te  

b e c a u s e  the in it ia l  sy m p to m s m a y  be vagu e and con fin ed  to  

the o r a l c a v ity  (C aim an  and R eifm an  1966 and J a co b so n  1966).

A ll the p a tien ts  in  the p r e se n t  s e r ie s  com p la in ed  of x e r o s to m ia .  

T h is  d r y n e s s  r e su lte d , in  the m a jo r ity  of p a tie n ts , in  d if f i ­

c u lt ie s  w ith  m a s t ic a t io n  due to food  s t ic k in g  to  d en tu res  and 

to  the o r a l m u c o sa , in c r e a se d  flu id  in ta k e , and f is s u r in g  of 

ton gu e and l ip s .  A bout 30% ex p e r ie n c e d  o r a l  s o r e n e s s  or  

d is c o m fo r t  in  the a b se n c e  o f an  ob viou s c a u s e . L o o se  upper  

and lo w e r  a r t i f ic ia l  te e th  w as a ls o  quite a com m on  co m p la in t.

O ther w o r k e r s  have rep o rted  an in c r e a se d  in c id e n c e  o f
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d en ta l c a r ie s  a s s o c ia te d  w ith  S jo g ren 's  sy n d ro m e but a s  27 of 

the 3 0  p a tien ts  in  the p r e se n t  s e r ie s  w e r e  ed en tu lou s b e fo r e  

th e d ev e lo p m en t of x e r o s to m ia  th is  a s p e c t  cou ld  not be s tu d ied .

X e r o s to m ia  m a y  be ca u sed  by su ch  v a r y in g  co n d itio n s a s  

co n g e n ita l h y p o p la sia  of the s a liv a r y  g lands to  te m p o r a r y  d r y n e s s  

due to m outh  b rea th in g , e x c e s s iv e  sp eak in g  and n o r m a l e m o tio n a l  

r e a c t io n s  (A llin gton  1 9 5 0 ). K itam ura and Okuda (1962) h a v e  

sh ow n  that th e d e c r e a s e  in  s a liv a r y  flow  ra te  is  m o r e  m ark ed  

w hen  the d r y n e s s  of the m outh  is  a s s o c ia te d  w ith  s a l iv a r y  gland  

d is e a s e  than  w hen of p sy ch o n e u r o tic  o r ig in . In the p r e s e n t  

stu d y  11 o f th e  23 p a tien ts  exam ined , a l l  of w hom  had co m p la in ed  

o f x e r o s to m ia ,h a d  d e c r e a s e d  s a liv a r y  flo w  r a te s  in  c o m p a r iso n  

w ith  th e  a u th o r 's  n o rm a l ra n g e . T en  o f th e s e  p a tien ts  had  

a b n o rm a l s ia lo g r a m s . A noth er tw o p a tien ts  w ith  a b n o rm a l 

s ia lo g r a m s  had low  s a liv a r y  flow  r a te s  but w ith in  th e  n o r m a l 

r a n g e . Of th e rem a in in g  11 p a tien ts  w ith  n o r m a l s ia lo g r a m s  

lO  had s a liv a r y  flo w  r a te s  w ith in  th e n o r m a l ra n g e- Tw o o f  

th e  th r e e  p a tien ts  fr o m  w hom  no s a liv a  cou ld  be c o l le c te d  had  

c a v ita r y  s ia le c t a s i s ,  and th e  th ird  had e x tr e m e  a tro p h ic  

c h a n g e s . A s  su g g e ste d  by T h a ck ra y  (1955) and B lo c h  e t  a l

(1965) th e c a v ita r y  ap p ea ra n ce  m a y  be due to  ru p tu re o f  a



w eak en ed  w a ll in  an  a tro p h ic  gland a s  a r e s u lt  of p r e s s u r e  

d u rin g  the s ia lo g r a p h ic  f i l l in g  p h a se . U sin g  a hand in je c t io n  

tech n iq u e  th is  i s  m o r e  l ik e ly  to o ccu r  (F ig u r e  IV , 14). In 

one p r e v io u s  su r v e y  (B loch  et a l 1965), u s in g  a hand in je c t io n  

tech n iq u e , 7 out o f 37 p a tien ts  w e r e  found to  h a v e  c a v ita r y  or  

d e s tr u c t iv e  s ia le c t a s i s  and a fa ir ly  good c o r r e la t io n  b e tw een  

the s e v e r i ty  of the s ia le c t a s i s  and the d e g r e e  o f x e r o s to m ia  

w as found.

T he p r e se n t  study sh ow s a good c o r r e la t io n  b e tw een  

s a l iv a r y  flo w  ra te  m e a s u r e m e n ts  and the a p p ea ra n ces  On 

s ia lo g r a p h y . B oth s ia lo g r a p h ic  a p p ea ra n ces  and s a l iv a r y  

flo w  ra te  m e a s u r e m e n ts  show  a good c o r r e la t io n  w ith  the  

o r a l sy m p to m s and s ig n s  r e c o r d e d . H o w ev er , lO  o f the 3 0  

p a tien ts  in v e s t ig a te d  had n e ith e r  s ia lo g r a p h ic  a b n o r m a lit ie s  

nor d e c r e a s e  in  s a liv a r y  f lo w  ra te  to  co n firm  th e ir  s e n sa t io n  

o f x e r o s to m ia .  It i s  c le a r  that the su b je c t iv e  se n sa t io n  of 

d r y  m outh  and the ap p ea ra n ce  c l in ic a l ly  o f x e r o s to m ia  a r e  

not a lw a y s  a s s o c ia te d  w ith  d e c r e a se d  s a l iv a r y  gland  fu n c tio n .  

T h is  i s  to  be ex p ec te d  a s  d r y n e s s  o f th e  m ou th  i s  not an  

u n com m on  co m p la in t in  ap p a ren tly  n o rm a l s u b je c t s .  T he  

c l in ic a l  a p p ea ra n ce  of d ry  m outh , u n le s s  o f s e v e r e  d e g r e e ,
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i s  a ls o  an  u n r e lia b le  in d ex  of d e c r e a se d  s a liv a r y  gland fu n ctio n .

If S jo g r e n 's  syn d rom e i s  su sp e c te d  it  w ould  ap p ear  fr o m  the  

s tu d ie s  rep o rted  that e ith e r  s ia lo g r a p h y  or  s a liv a r y  flo w  ra te  

m e a s u r e m e n ts  a r e  d e s ir a b le  to co n firm  th e c l in ic a l  s u sp ic io n .

B oth  t e s t s  a r e  e a s i ly  c a r r ie d  out u s in g  the tech n iq u es  d e s c r ib e d  

and a good c o r r e la t io n  i s  show n w hen the r e s u lt s  a r e  co m p a red .

T en  (33%) of the 3 0  p a tien ts  d e sc r ib e d  ab ove r e m a in  who  

sh ow ed  no a b n o r m a lit ie s  u s in g  th e s e  t e s t s  o f s a liv a r y  gland  

fu n ctio n . S e v e r a l p o s s ib le  ex p la n a tio n s o ccu r ;

a ) T hat th e to ta l s a liv a r y  gland fu n ctio n  w a s d e c r e a se d  

and the s in g le  gland in v e s t ig a te d  in  th e s e  p a tien ts  

did not r e f le c t  s a liv a r y  gland fu n ctio n  in  g e n e r a l .

b) T hat th ey  h ave  e a r ly  S jo g ren 's  sy n d r o m e .

c )  T hat th e s e  p a tien ts  do not in  fa c t  h a v e  S jo g r e n 's  

s y n d r o m e .

It i s  im p r a c t ic a b le  to  m e a s u r e  th e  s a l iv a r y  f lo w  ra te  

fr o m  a l l  g lan d s in  one su b jec t a t th e  one v i s i t  and s e v e r a l  

ex a m in a tio n s  a r e  in co n v en ien t fo r  th e s e  p a tie n ts  w ho a r e  

q u ite  o ften  cr ip p led  w ith  advanced  rh eu m ato id  a r t h r i t i s .

T he c o l le c t io n  o f w h ole  sa liv a  i s  l e s s  a c c u r a te  and a ls o



m a x im a l s t im u la tio n  u s in g  g u sta to r y  s t im u li cannot be a c h ie v e d  

s a t is fa c to r i ly  w ithout ren d er in g  the m e a su r e m e n t  o f  s a liv a r y  

v o lu m e in a c c u r a te . C h em ica l m eth o d s o f s t im u la tin g  s a l iv a r y  

gland fu n ctio n  w ith  p a ra sy m p a th o m im e tic  d ru g s a s  d e sc r ib e d  

e a r l ie r  (page 16 ) can  h ave u n p lea sa n t s id e  e f fe c t s  w hen  g iv e n  

in  su ff ic ie n t  d o sa g e  to p ro m o te  h igh  flow  r a te s  and a r e  a ls o  

c o n tr a -in d ic a te d  in  c e r ta in  d is e a s e  s ta te s .

It i s  quite l ik e ly  that so m e  of th e s e  p a tien ts  d e s c r ib e d  

m a y  h ave e a r ly  S jo g ren 's  sy n d r o m e . A s th ere  is  a w ide  

ran ge of 'n o rm a l' sa liv a r y  flow  r a te s  (F ig u r e  IV , 12) the  

m e a s u r e m e n t  of s a liv a r y  flo w  ra te  could  not be reg a r d e d  a s  

a s e n s it iv e  t e s t .  The s ia lo g r a p h ic  ch an ges g iv e  v e r y  s im ila r  

r e s u lt s  to  the flow  ra te  m e a su r e m e n ts  and n e ith e r  of th e s e  

t e s t s  cou ld  be reg a rd ed  a s  su ita b le  for  the e a r ly  d ia g n o s is  

o f the o r a l com p on en t of S jo g ren 's  sy n d r o m e . T he q u estio n  

a ls o  a r i s e s  w h eth er  S jo g ren 's  syn d rom e a s  n o r m a lly  d efin ed  

and a s  d e sc r ib e d  on page 184 i s  a s in g le  n o s o lo g ic a l en tity  or  

i f  i t  d o e s  in  fa c t  co n stitu te  a h e te r o g e n e o u s  group of d i s e a s e s .

It w a s f e lt  that h is to lo g ic a l  s tu d ie s  m igh t p ro v id e  fu r th er  

e v id e n c e  on th e s e  po in ts and the r e s u lt s  in  a s m a ll  co n tro lled  

s e r ie s  of p a tien ts  a r e  rep o rted  in  the next ch a p ter .
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C H A P T E R  31

HIST OPATHOLOGICAL FINDINGS

In v o lv em en t of the m in o r  s a liv a r y  g lan d s in  S jo g ren 's  

sy n d ro m e h a s  b een  rec o rd ed  p r e v io u s ly  in  s in g le  c a s e  r e p o r ts  . 

D iffe r e n t  in tr a -o r a l  s i t e s  have b een  d e sc r ib e d ; the p a la ta l 

g lan d s (N e lso n  et a l 1963, C ifa r e lli  1966), the b u cca l g lands  

(E llm a n  et a l 1951, B ain  1960 , and C aim an and R eifm an  1966) 

and the s m a ll  g lands of the tongue (B ah sk ar and B e r n ie r  1 9 6 0 ).

It i s  of h is to r ic a l  in te r e s t  that in  the p atien t w hom  M ik u licz  

o r ig in a lly  d e s c r ib e d  in  1892 the m in o r  o r a l sa liv a r y  g lands  

w e r e  a ffe c te d  in  the d is e a s e  p r o c e s s .

B io p sy  of a m a jo r  s a liv a r y  gland (parotid  or  su bm an d ib u lar)  

i s  u su a lly  not ju st if ie d  in  p a tien ts  w ith  S jo g ren 's  syn d rom e  

u n le s s  g lan d u lar en la r g em en t i s  p r e se n t  and a d ia g n o s is  of 

n e o p la s ia  cannot be ex c lu d ed . It m a y  a ls o  be d iff ic u lt  to  

p e r fo r m  a s  the d is e a s e d  g lands a re  o ften  m a r k e d ly  a tro p h ic . 

T h ere  is  ev id e n c e  that o th er m u cu s s e c r e t in g  g lan d s throughout 

the body m a y  be a ffec ted  in  th is  con d ition  (B u ch er  and R eid  

1959, B lo ch  et a l 1965). It w ould se e m  r e a so n a b le  th e r e fo r e  

to  a s s e s s  the va lu e  of in tr a -o r a l b io p sy  of m in o r  s a liv a r y  g lands  

a s  a d ia g n o s tic  aid in  S jo g ren 's  sy n d r o m e .



METHOD

T he lo w e r  lip  w as ch o se n  a s  a su ita b le  s ite  fo r  b io p sy  

e x a m in a tio n . It h a s m an y s m a ll m u cu s s e c r e t in g  g lan d s ju st  

b elo w  th e o r a l m u c o sa  (F ig u r e  I, 4 3 ) . T h e ir  n o rm a l 

a p p ea ra n ce  i s  show n in  F ig u r e  I, 4 4 . T h is  a r e a  h as an  

e x c e lle n t  b lood  su pp ly  and i s  e a s i ly  a c c e s s ib le .

T h ree  groups of p a tien ts  w e r e  stud ied

1) 8 p a tien ts  w ith  S jo g ren 's  sy n d r o m e .

2) 8 p a tien ts  w ith  'd e fin ite ' rh eu m ato id  a r th r it i s .

3) 8 co n tr o l p a tien ts  w ith  a r th r it is  of n o n -rh eu m a to id  
t y p e .

T he th r e e  grou p s w e r e  s im ila r  fo r  age  and e x a c t ly  

m a tch ed  fo r  s e x .

L a b ia l b io p sy  w as c a r r ie d  out a s  d e s c r ib e d  in  C hapter 8, 

p ages 49, 50  and il lu s tr a te d  in  F ig u r e  I, 4 2 . T he in je c t io n  

o f lo c a l  a n a e s th e tic  so lu tio n  (X y lo ca in e  2%) fo llo w ed  by the  

r e m o v a l o f t is s u e  took  a p p ro x im a te ly  8 -1 0  m in u te s . A fter  

rou tin e  f ix a t io n  and p ara ffin  em b ed d in g  se p a r a te  cu ts  w e r e  

m a d e and 3 s l id e s  p rep ared  fro m  d iffe r e n t a r e a s .  A ll  

s e c t io n s  w e r e  sta in ed  w ith  h a em o to x y lin  and e o s in .



2 0 8

HIST OPATHOLOGICAL GRADING

On h is to p a th o lo g ic a l ex a m in a tio n  the fo llo w in g  a b n o r m a lit ie s  

w e r e  o b se r v e d  - a ccu m u la tio n  of lym p h oid  e s p e c ia l ly  around in tr a ­

lo b u la r  d u c ts , a c in a r  a trop h y , f ib r o s is ,  and a few  e a r ly  duct 

c h a n g e s . A  c la s s if ic a t io n  b a sed  on the num ber of fo c i  of 

ly m p h o c y te s  in  and around the g landu lar t i s s u e  w a s u s e d . An  

a ccu m u la tio n  of 5 0  or m o r e  ly m p h o cy tes  w a s  n e c e s s a r y  b e fo r e  

a fo c u s  w a s d ia g n o se d . A p p ea ra n ces  w e r e  graded  + = 1 fo c u s  

and ++ = 3 o r  m o r e  fo c i .  Som e p la sm a  c e l l s  and h is t io c y te s  

w e r e  o ften  d em o n str a ted  but th e lym p h o cy te  w a s by fa r  the  

p red om in an t c e l l  p r e s e n t  in  th e s e  fo c i (F ig - IV, 15) . In the  

m o r e  m a rk ed  d e g r e e s  of g lan d u lar in v o lv e m e n t the fo c i  b e c a m e  

co n flu en t. In th r e e  p a tien ts  a lthough  a c tu a l fo c u s  fo r m a tio n  

did not o c c u r  d iffu se  ly m p h o cy tic  in f iltr a t io n  w a s  p r e s e n t .

R E SU L T S

T h e s e  a r e  su m m a r ise d  in  T a b le s  IV , 11, 12, and 13 a lo n g  

w ith  th e  s e r o lo g ic a l  f in d in g s . T he s ia lo g r a p h ic  a p p e a r a n c e s  

and p a ro tid  flo w  ra te  s tu d ie s  a r e  a ls o  in c lu d ed  (T a b le  IV , 11) 

fo r  the S jo g r e n 's  p a t ie n ts . In G roup (l) 7 (87 .5% ) o f the  

p a tie n ts  w ith  S jo g ren 's  sy n d ro m e had fo c i  o f ly m p h o c y te s .

Of th e s e  4 (50% ) had th r e e  or m o r e  fo c i and 3 (3 7 . 5%) had one
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fo c u s .  T he rem a in in g  p atien t in  th is  group (B l) had d iffu se  

ly m p h o cy tic  in f iltr a t io n . In the rh eu m ato id  a r th r it is  p a tien ts  

i . e .  G roup (2) 4 (50% ) of th e  p a tien ts  had fo c i (a ll had < 3 fo c i) .

In th e co n tr o l s e r ie s  of p a tien ts  w ith  n o n -rh eu m a to id  p o ly ­

a r th r it is  i . e .  G roup (3) none of the p a tien ts  had fo c i  of 

ly m p h o cy te  a ccu m u la tio n .

T h e se  h is to lo g ic a l  fin d in gs w e r e  th o se  of the author who  

a ls o  p er fo rm ed  the b io p s ie s .  T he s e c t io n s  w e r e  la te r  ex a m in ed  

w ith ou t p r io r  k n ow led ge of the c l in ic a l  d ia g n o s is  b y  D r . R . B .  

G oudie, S en ior L e c tu r e r  in  P a th o lo g y , W estern  In firm a ry ,

G la sg o w , w ho graded  th em  a cco r d in g  to the ex ten t of round  

c e l l  in f iltr a t io n . The on ly  d if fe r e n c e  b e tw een  the tw o a s s e s s ­

m e n ts  w as w ith  r e s p e c t  to  p atien t B l ( i . e .  the S jo g ren 's  

p a tien t w ithout fo c a l ly m p h o cy tic  a d e n it is ) . D r . G oudie f e lt  

b e c a u s e  of th e  d iffu se  ly m p h o cy tic  in f iltr a t io n  p r e se n t  th is  

p a tien t had m o r e  s e v e r e  ch an ges than  in d ica ted  by the a ttth or's  

c la s s i f ic a t io n  a lthough  he a g r e e d  that a c tu a l fo c i w e r e  not 

p r e s e n t .

S ev en  of the 8 p a tien ts  w ith  S jo g ren 's  sy n d ro m e ex am in ed  

had a b n o rm a l p arotid  s ia lo g r a m s  and 5 o f th e s e  had d e c r e a s e d  

p a ro tid  s a l iv a r y  flo w  r a te s .  P a tie n t  A 5 had a n o rm a l s ia lo g r a m
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and n o rm a l sa liv a r y  flow  r a te s  but on h is to lo g ic a l  ex a m in a tio n  

show ed  a fo cu s  o f lym p h o cy te  in f iltr a t io n .

DISCUSSION

A lthough  on ly  a sm a ll s e r ie s  o f p a tien ts  h a s  b een  

in v e s t ig a te d  th e s e  r e s u lt s  show  a d e fin ite  a s s o c ia t io n  b e tw een  

fo c i o f ly m p h o c y te s  in v o lv in g  the la b ia l m u co u s g lan d s in  

both S jo g r e n 's  syn d rom e and rh eu m ato id  a r th r it is .  E v id en ce  

th at th e a s s o c ia t io n  is  w ith  both of th e se  co n d itio n s is  

p ro v id ed  by the p o s it iv e  r e s u lt s  in  two p a tien ts  B 2 and BIO  

w ho had the 's ic c a  co m p lex ' a lone- T he d e g r e e  o f  in v o lv e m e n t  

w a s c o n s id e r a b ly  m o r e  s e v e r e  in  the S jo g r e n 's  grou p . T he  

ty p ic a l a p p e a r a n c e s  o f S jo g r e n 's  sy n d ro m e w ith  d u cta l 

a b e r r a tio n s  and the fo rm a tio n  o f e p i-m y o e p ith e lia l c e l l  

is la n d s  w e r e  not found in  any o f th e  s e c t io n s  ex a m in ed .

W a terh o u se  (1963) in  a p o st m o r te m  stud y  o f  

su b m an d ib u lar , p arotid  and la c r im a l g lan d s in  a s e r ie s  

o f 239 su b je c ts  found fo c a l ly m p h o cy tic  a d e n it is  in  a t l e a s t  

one s a liv a r y  or la c r im a l gland in  70% of f e m a le s  and 30%  

o f  m a le s  e x a m in ed . W aterh ou se d e f in e s  fo c a l  a d e n it is  

o f t h e s e  m a jo r  s a liv a r y  g lan d s a s  2 o r  m o r e  fo c i  o f  5 0  

ly m p h o c y te s  in  th e one gland s p e c im e n . In  v ie w  o f  th e



s e x  in c id e n c e  he o b se r v e d  i t  i s  of in t e r e s t  that in  the p r e s e n t  

s e r ie s  the o n ly  S jo g ren 's  su b jec t w ithout fo c a l a d e n it is  w as  

m a le .  T h is  p a tien t h o w ev er  a s  d e sc r ib e d  ab ove had d iffu se  

ly m p h o c y tic  in f iltr a t io n . W aterh ou se (1963) b e lie v e d  that 

fo c a l a d e n it is  o f s a liv a r y  g lands i s  a fo c a l  fo r m  of S jo g ren 's  

sy n d r o m e and is  ak in  to fo c a l th y r o id it is  w h ich  h as b een  

d e s c r ib e d  by W illia m s  and D on iach  (1962) a s  a " m in ia tu re"  

H a sh im o to 's  th y r o id it is . .  W aterh ou se a ls o  o b se r v e d  that 

fo c a l  a d e n it is  o f th e m a jo r  s a liv a r y  and la c r im a l g lan d s w as  

m o r e  com m on  in  su b jec ts  who had su ffe red  fro m  rh eu m ato id  

a r th r it is  .

T he la c k  of d u cta l ch an ges w as a fe a tu r e  o f the h is to p a th o -  

lo g ic a l  f in d in g s . W hether th is  w as due to the la c k  of s e v e r i ty  

o f the c a s e s  ex a m in ed , the s m a lln e s s  of the sa m p le , or  

r e f le c te d  a la te r  in v o lv e m en t of th e s e  m in o r  g lands in  the  

d is e a s e  p r o c e s s  is  not know n. It m ig h t a ls o  be a fe a tu r e  o f 

th e con d ition  w hen  m u cou s g lands a lon e  a r e  in v o lv e d .

T he n o rm a l ap p ea ra n ce  of th e se  m in o r  s a liv a r y  g lands  

h a s not b e e n  d efin ed . C ifa r e lli  (1966) in  a p o st m o r te m  s e r ie s  

of 15 found no ly m p h o cy tic  in f iltr a t io n  in  14 and a few  ly m p h o ­

c y te s  w e r e  p r e se n t  in  the rem a in in g  su b jec t . H is a u to p sy



sp e c im e n s  w e r e  tak en  fro m  the p a la ta l r e g io n . In v ie w  of 

the p r e se n t  r e s u lt s  I have exam in ed  a s m a ll  p o s t  m o r te m  s e r ie s  

of la b ia l g la n d s . Of 11 a u to p s ie s  ex am in ed  so  fa r  10 w e r e  

u n rem a rk a b le  h is to lo g ic a lly ,  1 (fe m a le )  show ed  d iffu se  

ly m p h o c y tic  in f iltr a t io n . It w as of in te r e s t  that th is  su b jec t  

su ffe r e d  fro m  rh eu m a tic  h e a r t d is e a s e  a con d ition  in  w hich  

W aterh ou se  (1963) found in c r e a s e d  in c id e n c e  of fo c a l  a d e n it is  

of th e m a jo r  s a liv a r y  g la n d s . It w il l  be n e c e s s a r y  h o w e v er  

to  ex a m in e  a la r g e  p ost m o r te m  co n tro l s e r ie s  b e fo r e  the  

n o r m a l a p p ea ra n ce  i s  c o m p le te ly  d efin ed  but the e v id e n c e  

at p r e s e n t , fro m  the tw o s m a ll p o st m o r te m  s e r ie s  c ited  

and the c o n tro l group exam in ed  in  the p r e s e n t  stu d y , w ould  

s u g g e s t  th at fo c a l ly m p h o cy tic  a d e n itis  d o e s  not n o r m a lly  o c c u r  

in  the m in o r  o r a l s a liv a r y  g la n d s .

T h ere  i s  ev id e n c e  that lym phoid  t is s u e  w ith in  th e m a jo r  

s a l iv a r y  g lan d s o c c u r s  m o r e  fr e q u e n tly  in  the o v e r  45  y ea r  

a g e  group  (W aterh ou se and D on iach  1965), and i s  m o r e  co m m o n  

in  f e m a le s .  T h is  w ould su g g e s t  that so m e  fa c to r  p r e d is p o s e s  

to  i t s  a p p ea ra n ce  and it s  so u r c e  r e q u ir e s  c a r e fu l c o n s id e r a t io n .  

T he p o s s ib i l i t y  that th ey  r e p r e s e n t  an  in f la m m a to r y  p r o c e s s  

a p p e a r s  u n lik e ly  a s  th e r e  w as no h is to r y  o f an  a cu te  e p iso d e



213

and th e r e  w as a c o m p le te  la c k  of th e s e  fo c i in  the co n tr o l s e r i e s .

In the m a jo r ity  of s e c t io n s  exa m in ed  th e r e  w e r e  su b m u c o sa l  

ly m p h o c y te s  p r e se n t  but th ey  w e r e  ju st a s  p r e v a le n t  in  the  

c o n tr o l s e r ie s  a s  in  the S jo g ren 's  grou p . No o th er  h is to lo g ic a l  

s ig n s  o f v ir u s  w as p r e se n t  and an  in f la m m a to r y  r e a c t io n  is  

not a fe a tu r e  o f s a liv a r y  gland v ir u s  d is e a s e  (R auch 1959, 

c ite d  by  W a terh ou se  1963). N e o p la s t ic  con d itio n s in v o lv in g  

the ly m p h o cy te  s e r ie s  a r e  r e la t iv e ly  r a r e  and a lth ou gh  it  

cannot be c o n c lu s iv e ly  p roven  it  s e e m s  u n lik e ly  that the  

ly m p h o cy te  fo c i s e e n  in  the b io p s ie s  of the p a tien ts  stud ied  

cou ld  be a m a n ife s ta t io n  of a b en ign  lym p h oid  n e o p la sm .

It i s  n o tew o rth y  h o w e v er  that lym phom a outw ith  the s a liv a r y  

and la c r im a l g lan d s h as b een  rep o rted  a s  o c c u r r in g  in  the  

c o u r s e  o f b en ign  S jo g ren 's  sy n d ro m e u n a sso c ia te d  w ith  

rh eu m a to id  a r th r it is  (T a la l and B unim  1964, B unim  et a l 

1964, B lo c h  et a l 1965).

T he a c tu a l ro le  of the ly m p h o cy tes  in  th e se  s a liv a r y  

glan d s th e r e fo r e  is  not known and r e q u ir e s  fu r th er  in v e s t ig a t io n .  

V a rio u s  fu n ctio n s  have b een  a sc r ib e d  to the lym p h o cy te  fro m  

im m u n o lo g ic a l c a r r ie r ,  t i s s u e  in v a d er  to that of h a e m o p o ie tic  

s te m  c e l l  (P o r te r  and C ooper 1962). It i s  o f in te r e s t  that
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r e c e n t ly  T a la l e t a l (1966) have d em o n str a ted  a b n o rm a l fu n ctio n  

of p e r ip h e r a l ly m p h o cy te s  fro m  S jo g ren 's  p a tien ts  both  w ith  

reg a r d  to  in  v itr o  tr a n s fo r m a tio n  and fa ilu r e  to d e v e lo p  

d e la y e d  s e n s it iv ity .  S tud ies of a s im ila r  typ e of ly m p h o c y te s  

found in  the s a liv a r y  g lands of th e se  p a tien ts  w ould  be of 

in t e r e s t .

T he o c c u r r e n c e  th e r e fo r e  of th e s e  fo c i of ly m p h o c y te s  

in  the la b ia l g lands o f p a tien ts  w ith  S jo g ren 's  sy n d ro m e w ould  

add support to  W a terh o u se 's  b e lie f  that fo c a l  s ia lo -a d e n it is  

i s  in d eed  a fo c a l  fo rm  of S jo g ren 's  sy n d r o m e .

A s d e sc r ib e d  in  C hapter 28, th e r e  i s  good ev id e n c e  fo r  

p la c in g  S jo g r e n 's  syn d rom e w ith in  the group of d is e a s e s  

su g g e s te d  a s  h av in g  an a u to -im m u n e  b a s is .  S e r o lo g ic a l  

s tu d ie s  w ould  su g g e st  that th e r e  i s  p erh ap s a s tr o n g e r  

a s s o c ia t io n  b e tw een  S jo g ren 's  syn d rom e and the n o n -o rg a n  

s p e c if ic  a u to -im m u n e  d is e a s e s  a lthough the h is to lo g ic a l  

ch a n g es in  s a liv a r y  and la c r im a l g lands h ave  s im ila r  fe a tu r e s  

to  ch ro n ic  th y r o id it is ,  ch ro n ic  g a s tr it is  and p r im a r y  a d r e n o ­

c o r t ic a l  a trop h y , a l l  of w hich  have s p e c if ic  a u to -im m u n e  

a s s o c ia t io n s  (A n d erson  et a l 1965).
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So fa r  a u to -a n tib o d ie s  to s a liv a r y  gland duct c e l l s  have  

b een  d em o n str a ted  in  11 out of 19 S jo g ren 's  p a tien ts  (B e r tr a m  

and H a lb erg  1964) but th e s e  a r e  not t is s u e  s p e c if ic  and c r o s s  

r e a c t  w ith  o th er  t i s s u e s  (A n d erson  et a l 1966). S jo g ren 's  

sy n d ro m e th e r e fo r e  p r e s e n ts  fe a tu r e s  of both o r g a n -s p e c if ic  

and n o n -o r g a n  s p e c if ic  a u to -im m u n e  d is e a s e  but in  the  

a b s e n c e  o f s p e c if ic  a u to -a n tib o d ie s  the ch an ges in  S jo g ren 's  

m ig h t s t i l l  be a ttr ib u ta b le  to a ch ron ic  in fe c t io n .

To e lu c id a te  the q u estio n  o f  w h eth er  S jo g r e n ^  sy n d ro m e  

c o n s t itu te s  a h e te r o g e n e o u s  group o r  a s in g le  c l in ic a l  en tity  

fu r th e r  s tu d ie s  w il l  o b v io u s ly  be n e c e s s a r y .  A  stud y  in  

w h ich  the h is to lo g ic a l  a p p ea ra n ces  o f th e s a liv a r y  g lan d s a r e  

co m p a red  w ith  th e in c id e n c e  of sa liv a r y  gland a u to -a n tib o d ie s  

in  la r g e r  grou p s o f p a tien ts  w ith  S jo g ren f s sy n d r o m e  and 

oth er  " a u to -im m u n e d is e a s e s "  i s  c le a r ly  n e c e s s a r y .  F r o m  

the p r e se n t  s tu d ie s  it  w ould  ap p ear that la b ia l gland b io p sy  

w ould be a su ita b le  s im p le  m eth od  o f fu r th er in g  th e s e  

in v e s t ig a t io n s .
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C H A P T E R  32

SJOGREN*S SYNDROME AND THYROID DISEASE

S e v e r a l w o r k e r s  h ave  rep o rted  th y ro id  d is e a s e  and th y ro id  

a u to -a n tib o d ie s  in  p a tien ts  w ith  S jo g ren 's  sy n d ro m e (A n d erson  

e t a l 1961, B uchanan et a l 1961, H ijm ans et a l 1961). T he  

in c id e n c e  of th y ro g lo b u lin  a n tib o d ies  h as b een  rep o r te d  a s  

a p p r o x im a te ly  3 0 -4 0 %  (A n d erson  et a l 1961, B lo ch  and B un im  

1963, B lo ch  et a l 1965). In the s e r ie s  d e s c r ib e d  by  A n d er so n  

e t a l  (1961) th is  w a s s ig n if ic a n t ly  h ig h er  than an  a g e  and s e x  

m a tch ed  h o sp ita l co n tro l grou p . In the p r e s e n t  stu d y  6 

p a tien ts  (20% ) had th y ro g lo b u lin  a u to -a n tib o d ie s  and a l l  but 

2 o f th e s e  p a tien ts  had p r im a r y  h y p o th y r o id ism  o r  H a sh im o to 's  

th y r o id it is .  Of the p a tien ts  who had n eg a tiv e  t e s t s  fo r  

th y ro g lo b u lin  a u to -a n tib o d ie s , 2 had th y r o to x ic o s is  and 1 

had H a sh im o to 's  th y r o id it is .  T h is  la t te r  p a tien t had a n ti-  

m ic r o s o m a l a u to -a n tib o d ie s  . It thus a p p ea rs  th at th e r e  i s  

a h ig h e r  than  ex p ec te d  fre q u e n c y  o f a u to - im m u n e  th y r o id it is  

in p a t ie n t s  w ith  S jo g ren 's  sy n d r o m e . T he c o r o lla r y , h o w e v e r ,  

h a s  not b e e n  ev a lu a ted , i . e .  w h eth er  m a n ife s ta t io n s  o f  

S jo g r e n 's  sy n d ro m e a r e  m o r e  com m on  in  p a tien ts  w ith  a u to ­

im m u n e  th y r o id it is  - H a s h im o to 's  th y r o id i t i s  and p r i m a r y
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■ h y p o th y r o id ism . It is  of so m e  h is to r ic a l  in te r e s t  that 

H a sh im o to  (1912) f ir s t  n o ticed  the s im ila r ity  in  the h is to lo g ic a l  

a p p e a r a n c e s  of the th yro id  in  H a sh im o to 's  th y r o id it is  and th e  

la c r im a l and s a liv a r y  g lan d s in  M ik u lic z 's  d i s e a s e .

M ETHODS

The in c id e n c e  of S jo g ren 's  sy n d ro m e in  a group  of 41 

p a tien ts  w ith  H a sh im o to 's  d is e a s e  and in  an oth er group  o f 32 

p a tien ts  w ith  p r im a r y  m y x o ed em a  w as co m p ared  to  that in  a 

c o n tr o l group of 36 h o sp ita l p a t ie n ts . T he d ia g n o s is  of 

H a sh im o to 's  th y r o id it is  w as b a sed  on the p r e s e n c e  of a 

p o s it iv e  p r e c ip it in  t e s t  fo r  a n ti-th y r o g lo b u lin  a u to -a n tib o d ie s  

in  a eu th yro id  or  hyp othyro id  p atien t (B uchanan et a l 1961).

T h ree  of the p a tien ts  w ith  H a sh im o to 's  th y r o id it is  w e r e  

h yp othyro id  w hen stu d ied , but the rem a in in g  38 p a tien ts  w e r e  

r e c e iv in g  0 . 2  m g . sod iu m  th y ro x in e  and w e r e  eu th y ro id .

Tw o o f th e  p a tien ts  w ith  H a sh im o to 's  th y r o id it is  had 'defin ite*  

rh eu m ato id  a r th r it is  (R opes et a l  1958). The d ia g n o s is  of 

sp o n tan eou s p r im a r y  h y p o th y ro id ism , (h y p o th y ro id ism  w ithout  

a g o itr e )  w as b a sed  on the c l in ic a l  and la b o r a to r y  c r i t e r ia  

d e s c r ib e d  by W ayne (1960) and W ayne et a l  (1964). F iv e  of 

the p a tien ts  w ith  p r im a r y  h y p o th y ro id ism  w e r e  h ypothyro id
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w hen  ex a m in ed , and the r em a in in g  tw en ty  s e v e n  w e r e  r e c e iv in g  

O. 2 m g . /  0 . 3  m g . sod iu m  th y ro x in e  and w e r e  eu th y ro id .

Tw o o f th e  th ir ty  tw o p a tien ts  w ith  p r im a r y  h y p o th y r o id ism  

had 'd e f in ite 1 rh eu m ato id  a r th r it is  a s  d efin ed  by the A m e r ic a n  

R h e u m a tism  A ss o c ia t io n  c r ite r ia  (R opes et a l 1958).

The h o sp ita l co n tro ls  c o n s is te d  of th ir ty  s ix  p a tien ts  

atten d in g  a s  ou tp a tien ts at the c l in ic s  a s s o c ia te d  w ith  the R oya l 

and W estern  In f ir m a r ie s ,  G la sg o w . T he p a tien ts  had a v a r ie ty  

of g e n e r a l m e d ic a l d is o r d e r s ,  none of w h ich , h o w e v e r , had any  

known a s s o c ia t io n  w ith  th y ro id  d is e a s e ,  s a liv a r y  gland d is e a s e ,  

o r  a u to -im m u n e  d is o r d e r .

A u to -a n tib o d ie s  to th y ro g lo b u lin  w e r e  te s te d  by a p r e c ip it in  

t e s t  u s in g  th e O u ch ter lo n y -E lek p la te  tech n iq u e (A n d erso n  et a l  

1962) and by the tanned red  c e l l  h a em a g g lu tin a tio n  t e s t ,  u s in g  

th y ro g lo b u lin  coa ted  fo r m a lis e d  tanned sh eep  red  c e l l s  (F u lth orp e  

e t  a l  1961). T he lo w e s t  se r u m  d ilu tio n  te s te d  in  th e tanned  

red  c e l l  h a em a g g lu tin a tio n  t e s t  w as 1 in  16. A u to -a n tib o d y  to  

th y ro id  m ic r o s o m e s  w as m e a su r e d  by an in d ir e c t  im m u n o ­

f lu o r e s c e n c e  tech n iq u e  on unfixed  fr o z e n  s e c t io n s  o f th y r o to x ic  

th y ro id  s l i c e s  (H olborrow  et a l  1959) u s in g  t e s t  s e r u m  d ilu ted  

one in  fou r in  the f ir s t  la y e r .
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.E x a m in a tio n  fo r  S jo g ren 's  Syndrom e

S ia lo g ra p h y  w as p er fo rm ed  in  the one hundred and n ine  

p a tie n ts , fo r ty  one w ith  H a sh im o to 's  th y r o id it is ,  th ir ty  tw o w ith  

p r im a r y  h y p o th y r o id ism , and th ir ty  s ix  c o n tro l p a t ie n ts . T he  

h y d r o s ta t ic  tech n iq u e u s in g  a w a ter  so lu b le  c o n tr a s t  m ed iu m  

( T r io s i l  *45') w as em p lo y ed . A  con stan t p r e s s u r e  o f c o n tr a s t  

m ed iu m  e n te r in g  the d u cts w as obtained  by se tt in g  the g la s s  

co n ta in er  7 0 - 9 0  c m s . above the gland to be ex a m in ed , and the  

c o n tr a s t  m ed iu m  flow ed  in  u s in g  on ly  the fo r c e  of g r a v ity .

T he m eth od  i s  d e sc r ib e d  in  d e ta il in  C hapter 3. F i l l in g  p h ase  

and s e c r e to r y  p h a se  f i lm s  w e r e  ex p o sed , the la t te r  f iv e  m in u te s  

a fte r  the fo r m e r . T he p atien t w as g iv en  a s l ic e  of le m o n  to  

su ck  b etw een  the p h a se s .

E a ch  p atien t a ls o  underw ent an  op h th a lm ic ex a m in a tio n . 

K e r a to -c o n ju n c t iv it is  s ic c a  w as d ia g n o sed  u s in g  the S c h ir m e r  11. 

te a r  t e s t ,  r o s e  b en ga l s ta in in g  t e s t ,  and s l i t  la m p  ex a m in a tio n  

fo r  punctate and f ila m e n ta r y  k e r a t it is .  K e r a to -c o n ju n c tiv it is  

s ic c a  w a s d ia g n o sed  w hen the S ch irm er  11 te a r  t e s t  w a s l e s s  

than  5 m m  at f iv e  m in u te s , and w hen th e r e  w as a s s o c ia te d  

s tr o n g ly  p o s it iv e  r o s e  b en ga l s ta in in g  of the con ju n ctivae  

a n d /o r  c o r n e a e . The m e d ic a l d ia g n o se s  w e r e  not known by



the o p h th a lm o lo g is ts  and the author u n til a fte r  th e e x a m in a tio n s  

w e r e  co m p leted .

R E SU L T S

S ia lo g r a p h y : S ia lo g ra p h ic  a b n o r m a lit ie s  w e r e  c la s s i f ie d

a c c o r d in g  to  the ch an ges d e s c r ib e d  by R ubin and H olt (1957) 

and B lo ch  e t a l (1965). T he r e s u lt s  a r e  su m m a r ise d  in  

T a b le  IV, 14. A b n orm al s ia lo g r a m s  w e r e  found in  s e v e n  (17%) 

of the fo r ty  one p a tien ts  w ith  H a sh im o to 's  th y r o id it is ,  f iv e  

(16%) of the th ir ty  tw o p a tien ts  w ith  p r im a r y  h y p o th y r o id ism ,  

and in  s ix  (17%) o f the th ir ty  s ix  h o sp ita l c o n tr o ls .  Tw o p a tien ts  

w ith  H a sh im o to 's  th y r o id it is  show ed  g lob u lar  s ia le c t a s i s ,  the  

rem a in in g  p a tien ts  h av in g  on ly  m in o r  a b n o r m a lit ie s  c o n s is t in g  

of p u nctate s ia le c t a s i s .  A  h is to r y  of in te r m itte n t  x e r o s to m ia  

w a s e l ic it e d  in  s ix te e n  of the e ig h tee n  p a tien ts  who had a b n o rm a l 

s ia lo g r a m s .  N one of the p a tien ts  had c l in ic a l  e v id e n c e  of 

s a l iv a r y  gland en la r g e m e n t, e ith e r  by h is to r y  o r  e x a m in a tio n . 

N one of the p a tien ts  w ith  H a sh im o to 's  th y r o id it is  or  w ith  p r im a r y  

m y x o ed em a  who had rh eu m ato id  a r th r it is ,  had x e r o s to m ia  o r  

a b n o rm a l s ia lo g r a m s .
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The eye  e x a m in a tio n s  r e v e a le d  k e r a to -c o n ju n c t iv it is  s ic c a  

p r e se n t  in  a s m a ll m in o r ity  of p a tien ts  in  ea ch  group (T ab le  IV, 15) 

T he p r e v a le n c e  w a s not s ig n if ic a n t ly  d iffe r e n t fro m  that in  the  

h o s p ita l co n tro l group (5. 5%).

DISCUSSION

T h is  stud y  sh ow s no in c r e a se d  p r e v a le n c e  of x e r o s to m ia  

o r  s ia lo g r a p h ic  a b n o r m a lit ie s  c o n s is te n t  w ith  S jo g r e n 's  sy n d ro m e  

a ffe c t in g  th e  p aro tid  gland, in  p a tien ts  w ith  p ro v en  th y ro id  d is e a s e  

in  w hich  c ir c u la t in g  a u to -a n tib o d ie s  c o n s is te n t  w ith  a u to -im m u n e  

th y ro id  d is e a s e  a r e  d e m o n str a te d . On the o th er  hand the  

p r e v a le n c e  of th y ro g lo b u lin  a u to -a n tib o d ie s  in  p a tien ts  w ith  

S jo g r e n 's  sy n d ro m e is  in c r e a se d  (A n d erson  et a l 1961; B unim  

1961; B lo ch  and Bunim  1963; A n d erso n  et a l 1965) and th y r o ­

g lo b u lin  a u to -a n tib o d ie s  have a ls o  b een  rep o rted  w ith  in c r e a se d  

fr e q u e n c y  in  the co n n ec tiv e  t is s u e  d is e a s e s ,  rh eu m ato id  

a r th r it is  (A n d erson  et a l 1961) and s y s te m ic  lupus e r y th e m a to su s  

(A n d erso n  et a l 1961; H ijm ans et a l 1961) a ll  o f w hich  m a y  be 

a s s o c ia te d  w ith  e s ta b lis h e d  k e r a to -c o n ju n c t iv it is  s ic c a .



T h e a b s e n c e  of an in c r e a s e d  p r e v a le n c e  o f x e r o s to m ia ,  

s ia lo g r a p h ic  a b n o r m a lit ie s , and k e r a to -c o n ju n c t iv it is  s ic c a  in  

a u to -im m u n e  th yro id  d is o r d e r  m a y , h o w e v e r , be c o n s is te n t  w ith  

th e  co n cep t that a u to -im m u n e  th y r o id it is  i s  an org a n  s p e c if ic  

d is o r d e r ,  sh a r in g  l i t t le  o r  no o v er la p  w ith  th e n o n -o rg a n  s p e c if ic  

a u to -im m u n e  d is e a s e s .  T h ere  i s  grow in g  ev id e n c e  that th e  o rg a n  

s p e c if ic  a u to -im m u n e  d is e a s e s  (ch ro n ic  th y r o id it is  and g a s t r i t i s ,  

p r im a r y  a d r e n o c o r t ic a l a trophy) show  fa m il ia l  a g g r e g a tio n  (H all et 

a l  1 9 6 0 , T e  V eld e  et a l 1964) and fa m il ia l  c lu s te r in g  h a s  a ls o  b een  

r e c o r d e d  in  th e  c o n n ec tiv e  t is s u e  d is e a s e s  (L eon h ard t 1964). It 

i s  w id e ly  b e lie v e d  but not p ro v en  that g e n e tic  fa c to r s  a r e  p r e s e n t .

It m a y  b e  that S jogren*s sy n d ro m e i s  th e  c o n seq u en ce  o f in h e r ita n c e  

o f both  t r a it s ,  and i t  w ould  b e d e s ir a b le  to  ob ta in  in fo r m a tio n  on  

th e  c l in ic a l  a u to -im m u n e  sta tu s  of the s ib lin g s  of a la r g e  s e r ie s  of 

p a tien ts  w ith  Sjogren*s sy n d r o m e .
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CONCLUSIONS - PART IV

F r o m  th e s e  s tu d ie s  of the s a liv a r y  gland in v o lv e m e n t in  

3 0  p a tie n ts  w ith  c l in ic a l  ev id e n c e  of S jo g r e n 1 s sy n d ro m e rep o r te d  

in  C h ap ters 2 9 - 32  the fo llo w in g  fa c ts  e m e r g e .

1) T he tw o com p on en ts o f the ns ic c a  co m p lex "  - x e r o s to m ia  

and x ero p h th a lm ia  - m a y  a r is e  to g e th e r  w ith  s im ila r  

d e g r e e s  o f s e v e r i ty  or th ey  m a y  o ccu r  and p r o g r e s s  

s e p a r a te ly . No w e ll  d efin ed  a s s o c ia t io n  i s  p r e se n t  

b etw een  the o n se t  of x e r o s to m ia  or x ero p h th a lm ia  and 

the m e n o p a u se .

2) T he co m p la in t o f x e r o s to m ia  m a y  in d ic a te  red u ced  

s a l iv a r y  flo w  but a ls o  m a y  r e p r e se n t  on ly  the su b je c tiv e  

s e n sa t io n  of d ry  m ou th . X e r o s to m ia  due to s a liv a r y  

gland in v o lv e m en t should  th e r e fo r e  be co n firm ed  by  

s ia lo g r a p h y  or s a liv a r y  flo w  s tu d ie s .

3) T h e r e  w a s a good c o r r e la t io n  b etw een  s ia lo g r a p h ic

a p p e a r a n c e s , s a liv a r y  flow  s tu d ie s  and o r a l sy m p to m s  

and s ig n s  in  the in d iv id u a l p a tien ts  s tu d ied .
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4) T he r e s u lt s  of la b ia l gland b io p sy  in  a co n tr o lle d  s e r ie s  

of 8 p a tien ts  s u g g e s ts  that th is  s im p le  p ro ced u re  m a y  

be of d ia g n o s tic  v a lu e  in  S jo g ren 1 s sy n d r o m e . In the  

p a tien ts  stu d ied  a good r e la t io n sh ip  w a s show n b etw een  

the h is to lo g ic a l  ev id e n c e  of la b ia l s a liv a r y  gland  

in v o lv e m e n t and c l in ic a l  t e s t s  o f s a liv a r y  gland fu n ctio n . 

T he h is to p a th o lo g ic a l fin d in g s w ould  s u g g e s t  that fo c a l  

ly m p h o cy tic  s ia lo a d e n it is  i s  a fo c a l fo r m  of S jo g r e n ’s 

sy n d r o m e .

5) W hile a h igh  in c id e n c e  of a u to -im m u n e  th yro id  d is e a s e  

is  found in  S jo g ren 's  sy n d ro m e , no in c r e a s e d  in c id e n c e  

of S jo g ren ’s sy n d ro m e w a s found in  p a tien ts  p r e se n tin g  

w ith  a u to -im m u n e  th y ro id  d is e a s e .



S U M M A R Y

Some new methods and som e established ones have been applied 

to studies o f  salivary glands in health and certain d isease  states.

A technique o f  recording the pattern o f salivary flow  has made it 

p ossib le to co llect saliva sam ples accurately at severa l d ifferen t but 

constant flow  rates. The e f fe c t  o f varying salivary flow  rate on the 

parotid and submandibular concentrations o f  e lectro ly tes, iodide, uric  

acid and also the activity o f carbonic anhydrase has been demonstrated  

and the normal ranges defined. It is  important to relate the concentration  

o f som e salivary constituents, e.g. iodide, to the plasm a level.

Combined quantitative and radioisotopic methods have been used to 

determ ine basic values fo r  the m etabolism  o f iodine in salivary glands 

and saliva. M easurement o f the salivary sp ec ific  activity a fter  a tracer  

dose has the advantage that it is  independent o f flow  rate as the ratio o f  

stable to radioiodine is  constant at d ifferen t flow  rates. Normal ranges 

have been described fo r  salivary iodide concentration, c learance, absolute 

quantities secreted  in unit tim e and saliva /p lasm a ratios. The salivary  

iodide concentrating m echanism  is  normal in altered states o f thyroid 

function and also in fib rocystic  d isease  where previously high salivary  

iodide le v e ls  had been reported. In Sjdgren’s syndrome however low  

saliva /p lasm a ratios have been found and this suggest that the salivary  

iodide trap may be involved in this condition.



The chem ical nature o f the salivary iodine has been studied and 

found to be alm ost entirely in the inorganic fo rm  in health and in som e 

thyroid d isea se  states. In contrast the urinary iodine, norm ally  

inorganic, contains organic iodinated compounds in thyrotoxicosis and 

in dehalogenase deficiency. Some advantages o f  the salivary sp ec ific  

activity method over the urinary method fo r  the indirect m easurem ent 

o f the plasm a inorganic iodine are demonstrated.

Anions o f  the Vllth periodic group include iodide, bromide and

pertechnetate. Pertechnetate, like iodide, is  concentrated in saliva.

• , • . . . .  132 99m _  „Simultaneous administration o f isotopes I and aH°w direct

com parison o f salivary gland concentrating ability to be made on the

sam e saliva sam ple thus eliminating the variable o f  flow  rate. The

isotope ^ m TcO^ has many advantages over isotopes o f iodine as a

clin ical tracer and its  use fo r  radioisotopic visualisation  o f the

salivary glands has been demonstrated fo r  the f ir s t  tim e.

The criteria  fo r  diagnosis o f  oral and salivary gland involvem ent 

in Sjogren’s syndrome have been examined. The com parative value 

o f te s ts  o f  salivary gland function have been a sse ssed  in 30 patients 

with a clin ical diagnosis o f Sjogren’s syndrome. The advantages o f  

the new technique o f hydrostatic sialography are demonstrated. Good 

correlation was shown between sialographic appearances, salivary flow



rate m easurem ents and clin ical signs and sym ptom s. Labial gland 

biopsy shows a high occurrence o f fo ca l lym phocytic in filtration  in 

patients with Sjogren's syndrome as compared with a control se r ie s .  

The onset o f  xerostom ia and xerophthalmia showed no w ell defined  

relationship to the menopause. Both these components o f  the ’sicca  

syndrom e’ may ar ise  together but often  they com m ence and p rogress  

independently. While a high incidence o f auto-immune thyroid 

d isea se  is  found in Sjdgren's syndrome, an increased incidence o f  

Sjogren’s syndrome was not found in patients presenting clin ically  

with auto-immune thyroid d isease.
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