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Parotid Gland Secretion Rate as Method for Measuring Response to 
Gustatory Stimuli in Humans.“ t (25557) 
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Four distinct submodalities, acid, salt, 
sweet and bitter, are generally acknowledged 
as comprising the gustatory sensation. These 
primary responses along with certain somato- 
sensory components such as pain, temperature 
and touch contribute to the response aroused 
when receptor areas of oral cavity are acti- 
vated by gustatory stimuli. Electrical record- 
ing of action potentials from single taste fibers 
(1)  and response from total receptor field(2) 
provided a means of measuring nerve re- 
sponse to chemical stimulation of the tongue 
in animals. “Drop or sip” methods are gen- 
erally employed to measure taste thresholds 
and sensitivity differentials in humans. Beebe- 
Center and Waddell (3  ) described a hetero- 
qualitative taste scale using the subjective 
strength of 1 .O% solution of sucrose, units 
bein): termed “gusts.” Gust concentration 
curvles were given for tartaric acid, sodium 
chloride, sucrose and quinine. Unfortunately, 
these measurements of human response to 
gustatory stimuli are based on subjective eval- 
uations and are thus necessarily limited. 
Clearly, some other means of exploring taste 
in humans is needed before physiological 
mechanisms governing this sensation can be 
discovered. The present paper offers a new 
approach to quantitative measurement of the 
effecr. of gustatory stimuli. 

Methods. One hundred thirty-eight male 
subjects between ages of 17 and 30 years, of 
sufficiently sound physical condition to qual- 
ify for military service, were utilized. Stimuli: 
The effect of each of 4 gustatory submodali- 
ties was determined using solutions of citric 
acid, sodium chloride, sucrose and quinine. 
Using wetted cotton applicator sticks, the so- 
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lutions were applied by running wetted cotton 
around lateral edges of the tongue, followed 
by swabbing the entire dorsum of tongue from 
area delineated by the circumvallate papillae 
to the tip. A wall clock with sweep second 
hand was visible to all participants and su- 
pervisory personnel were available to insure 
that the subjects applied the stimuli in a 
proper manner and a t  specified intervals. 
Secretmy Rate: Samples of parotid saliva, col- 
lected in tubes graduated to 0.1 ml were ob- 
tained by means of vacuum cups( 4) .  Secre- 
tion rate (ml/min/gland) for each participant 
was determined by measuring time required 
to secrete a standard volume ( 5  ml) which 
permitted greatest accuracy in evaluating re- 
sponse to test stimuli. Response to different 
stimuli was quite variable and some individ- 
uals were unable to secrete the desired vol- 
ume within a reasonable period. Since pro- 
longed application of the stimuli caused un- 
due discomfort or trauma to the subjects, (so- 
dium chloride-drying of oral mucosa and 
lips ; sucrose-nausea ; quinine-retching ; and 
citric acid-bleeding of the tongue and lips,) 
i t  was not feasible to continue testing for more 
than 4 hours. Therefore, maximum stimula- 
tion time, 20 minutes for sodium chloride and 
sucrose solutions and 15 minutes for citric acid 
and quinine solutions, was employed. If 5 
ml was obtained before maximum time limit 
was reached the subject was permitted to ter- 
minate that sample and proceed to the next 
sample, to prevent glandular fatigue in per- 
sons who were rapid secretors. Secretion rate 
(volume collected:/time of stimulation) for 
each individual and each variable was calcu- 
lated. The results obtained, for each variable, 
were summed and mean rate for the group 
determined. Each experimental group re- 
ceived 4 to 8 test solutions. However, sub- 
jects were sampled only once for each variable 
tested. This procedure was employed after 
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ascertaining in a pilot group (10 subjects) 
that hoth inrlivitlual and group response to 
r ;in (1 om I y c h oien s t i m ul i d i (1 not sign i fi ca n t 1 y 
vary when a given stimulus wai applied sev- 
eral times within 4 hours. Saiuplirzg: A c l i f -  
ferent group of individualc was employed for 
each series of esperimental variables and the 
following standard procedure was  establisliecl. 
After initial placement of vacuum cup a 10 
minute acquaintance interval was given each 
subject. The  secretion thus obtained was con- 
sidered a rlraranc-c saiizplc and was not used. 
' I ' p n  completion of the acquaintance session 
an cspci,iiirrntal saiiiplr was collected. Since 
seIwal successive samples tvere obtained from 
each individual. using both constant and vari- 
able stimuli. a 5 minute clearance sample was 
collected immediately prior to all other e.tperi- 
mental saniples. Participants were given a 
drink of water (room temp.. 25.C') after col- 
lection of each experimental sample to make 
certain that the response measured was not 
affected by previously employed stimulus. 
Sampling was done both morning and after- 
noon without regard for possible effect of post- 
prandial or diurnal variation. Three test con- 
ditions were utilized in determining parotid 
gland secretory response to the 3 gustatory 
submodalities. The effect of solution concen- 
tration, application rate (frequency of stiniu- 
la t i on ) and accom ni oda t ion were i n ves t ig a t ed . 
Twelve experimental groups were tested. A 
control or sham group using oaly water was 
employed to determine response resulting 
from tactile sensation. Control values were 
thus subtracted from all ey~eriniental values. 
to give only the response arising from gusta- 
tion. 

Resu l t s .  Eflrct of coizccntration : Range of 
concentrations of the 4 solutions uqed iv;i\ 

chosen so that minimal concentration would 
be above absolute threshold for each sensa- 
tion. Maximum concentration was selec tecl 
either on a basis of solubility or on concentra- 
tion suitable for continuous use without dam- 
aging oral mucosa or inducing illness. Con- 
centrations were always given in ascending or- 
der. Throughout entire series of concentra- 
tions all subjects were able to discern increase 
in gustatory intensity from one solution to 

the next. A separate group of individuals was 
usetl for each of the 4 stimuli. Application 
rate was maintained a t  4 swabs/'minute. 

Relationship between secretory response 
and solution concentration is illustrated in Fig. 
1 .  ('itric acid evoked a response which had a 
linear relationship with concentration up  to a 
2 '4  solution. Secretion rate then appeared to 
have reached a maximum and broke sharply. 
.A similar, but not so severe, break occurred 
with sodium chloride where a marked decrease 
in rate was exhibited a t  concentrations above 
1 5(h.  In contrast, rate of secretion appeared 
to  have a linear relationship with amount of 
quinine and sucrose in solution throughout en- 
tire series of concentrations. This is in ac- 
cord with observations of Pfaffman ( 1) that 
frequency of response in any one gustatory 
fiber was increased by increase of stimulus in- 
tensity (concentration) only up to some limit- 
ing value. Above this limit, more intense 
stimuli produced only the same maximal re- 
S]"~nse. 

Eflcct of .Ipplication R a t e :  Intensity of re- 
sponse resulting from increasing rates of ap- 
plication is presented in Fig. 2.  Solution con- 
cen trations were constant and rate of applica- 
tion (swabs niin) was increased throughout 
the series. Concentrations selected: citric 
acid--3 7;. sodium chloride--30%, sucrose- 
40!: and quinine-0.15 o/o induced maximal 
or near maximal stimulation. The  results in- 
dicate that secretory response appears to be 
a curvilinear function of application rate 
(Fig.  2a) .  I n  the water series (control) se- 
cretion rate also increased as swab rate was 
raised. but here the relationship appeared to 
be a straight line function. When response 
(secretion rate) was plotted against logarithm 
of application rate, a linear relationship was 
e\tablished (Fig. 2b) .  

. 1  c-coiirniodation. To ascertain if decreas- 
iIig acceleration rate of response with increas- 
ing application rate was due to accommoda- 
tion the following was undertaken. Five suc- 
cessive saliva samples were obtained, with ex- 
ception of citric acid, using the same solution 
concentrations and collection procedures as 
for rate study. A lower concentration of cit- 
ric acid ( 2 % )  was used because concentra- 
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CONCENTRATtON ( q r O m d t 0 0 m l )  
(SODIUY CHLORIDE 8 SUCROSE) 

QUININE 8 ClTRiC ACID) - CITRIC ACID A---A SUCROSE 
C. -m SODIUM CHLORIDE OI-- QUlNlNE 

tions greater than 2% had a keratinolytic ac- 
tion when used over prolonged periods. Ap- 
plication rate was maintained a t  4 swahs/ 
minute; this approximated a mean rate of 4.7 
swabs/min calculated from the range (0.5-12/ 
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FIG. 3 .  Eff‘wt of cwiitinuous s t imulat ion on so- 
crctioii rate. K equals No. of subjects/group. A 
different group was used f o r  each test solution. 
Holutioiis maiutaincd a t  25 O (2. 
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min) of the rate series. Fig. 3 shows that the 
response remained quite consistent over en- 
tire stimulation period (citric acid-80 min ; 
sodium chloride-100 niin ; sucrose-130 
min; quinine-130 min) . Only sodium chlor- 
ide and sucrose solutions exhibited a signifi- 
cant change in secretion rate between first and 
subsequent samples, in that paired data 
analysis of results indicated that there was a 
slight, but significant, difference in rate of 
secretion between samples 1 ‘CIS. 2 ,  and 1 ‘CIS. 3. 
The difference between 1 ‘CIS. 4 ,  1 ’CIS. 5 or 
among samples 2 through 5 was not statis- 
tically significant. M\’ith citric acid and 
quinine solutions, there were no statistically 
significant differences among any of the 5 
samples. Thus it can be assumed that there 
was no measurable accommodation under im- 
posed esperimen tal conditions. Furthermore. 
these findings serve to reemphasize the obser- 
vation noted in the pilot s tud - .  that subjects 
respond in a fairly consistent manner to a 
given stimulus. 

Ilist-ussiofl. Plotting secretory response 
against stimulation frequent), resulted in  a 
curve fitting the equation of 3Iichaelis and 
Menten. The method of Lineweaver and 
Burl<( 5 )  which rearranges the equation to a 
straight line function makes the rela tionship 
between response and affecting variable more 
obvious. This relationship can be expressed 

matheniatically as - = - (-4) + -. where 

A is affecting variable, r is observed response, 
R is maximum response and K is equilibrium 
constant of the entire reflex. By plotting A 
against A,’r (Fig. 4)  the slopes of resultant 

lines are equal to - and the ordinate intercept 

is equal to -. The method of least squares 

was used to calculate slopes and ordinate in- 
tercepts. The R max and the gustatory-sali- 
vary reflex K for the 4 gustatory modalities 
are presented in Table I. The K for sucrose 
and quinine appear to be of similar magnitude 
and markedly differ from values obtained for 
citric acid and sodium chloride. 

Due to the many problems which require 
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Quiiiiiiv .34 1.53 

further clarification, we can only speculate as 
to the meaning of these findings. Pfaffman 
( 1 ) recording action potentials in cat chorda 
tympani and glossopharyngeal nerves was 
able to  isolate 3 types of single fiber prepara- 
tions. The first gave action potentials only 
when the tongue was stimulated with acid so- 
lution, the second responded only to acid and/ 
o r  sodium chloride solution, while the third 
reacted to citric acid and/or quinine. Recep- 
tors for sugar were not usually found. Thus 
acid was a stimulus for all gustatory nerve 
endings while sodium chloride and quinine af-  
fected only certain types. In essence the 3 
types were acid-salt, acid-quinine and pure 
acid fibers. In our investigation stimulation 
of the 3 primary modalities associated with 
fibers from the chordatympani which sub- 
serve, the sensation of taste in anterior two- 
thirds of tongue (acid, salt, and sweet) re- 
sulted in different responses as evidenced by 
equilibrium constants (K)  for the gustato- 
salivary reflex. Although the bitter sensation 
is mediated, for the most part, through the 
glossopharyngeal nerve the equilibrium con- 
stant for quinine was similar in magnitude to 
that evidenced with sucrose. These findings 
appear to indicate that at least 3 different 
qustato-salivary reflex pathways are involved. 
I\-hether the difference lies merely in type of 
receptor ending stimulated, or depends also on 
different fiber types present in the gustatory 
nerve trunks cannot be discerned. However, 
i t  is believed that the procedure described 
herein offers a practical means of studying 
the physiology of human gustation and the 
mechanisms controlling salivary secretion. 

Sui~zinaql. Parotid gland secretion rate was 
employed for measuring human response to 
gustatory stimuli. Flow rate had a linear re- 
lationship to logarithm of frequency of stimu- 
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lation (swabs/min) . Increasing concentra- 
tion of gustatory stimuli resulted in increased 
rates of secretion. The response was linear 
throughout for sucrose and quinine, but with 
citric acid and sodium chloride i t  was linear 
only with lower concentrations. Mathemati- 
cal expression of relationship between glandu- 
lar secretion rate and frequency of stimulation 
permitted calculation of maximal response and 
reflex equilibrium constants for the various 
stimuli employed. Results indicated that a t  

least 3 cliff erent gustato-salivary reflex path- 
ways were involved. 
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Urethan Induced Acceleration of Hexobarbital Metabolism.” (25558) 
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Reduction and demethylation od certain 
azo dyes by rat liver microsomes have been 
increased by administration of such carcino- 
genic hydrocarbons as 3-methylchdanthrene 
and 3 , 4  benzpyrene ( 1). The evidence is that 
induced enzyme synthesis occurs in these 
cases. Recently, increases in other hepatic 
microsomal enzyme activities have been ob- 
tained with several other classes of chemical 
compounds (2,3). The present article deals 
with data which suggest that urethan (ethyl 
carbamate) may similarly induce increases in 
activity of certain enzyme systems. Urethan 
is of particular interest owing to its cancer 
chemotherapeutic activity and carcinogenic 
activity. 

Materials and methods. Sleeping times 
were measured in Swiss albino mice (20-35 g) . 
Experimental groups were pretreated with 
urethan or 3-methylchodanthrene. After a 
definite time (in most cases 24 hours), these 
and control groups were given hexobarbital, 
sodium, and their sleeping times determined 
as duration of loss of righting reflex. Mice 
were considered asleep unless they could right 
themselves 3 times in one minute. Signifi- 
cance of the difference between sleeping times 
of control and experimental groups of mice 
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was assessed by the “t” test. For determina- 
tion of effect of urethan on hexobarbital body 
concentrations, the experimental mice were 
treated with urethan (1200 mg/kg, i.p.) and 
followed in 24 hours by hexobarbital sodium 
(150 mg/kg, i.p.). All drug solutions were of 
such concentration that .01 ml was given for 
each 1 gram body weight. Control mice re- 
ceived hexobarbital only. Determination of 
total body hexobarbital was done one hour 
after hexobarbital administration by homoge- 
nizing each mouse with 4 times its weight of 
water in a Waring Blender. Four ml of ho- 
mogenate were extracted with chloroform by 
method similar to that of Axelrod et aZ.(4), 
except that the final NaOH extract of chloro- 
form was immediately adjusted to pH 10.3 
with KHC03 and read a t  245 mp in the Beck- 
man DU spectrophotometer. 

Resul ts .  Tn Table I pretreatment with ure- 
than shortens hexobarbital sleeping time. 
Thus, if urethan is given 24 to 48 hours pre- 
vious to hexobarbital, mean hexobarbital 
sleeping time is decreased from 41 to 31 min- 
utes. This effect of urethan is largely gone by 
72 hours, If the interval is only 1 2  hours be- 
tween urethan and hexobarbital administra- 
tion, sleeping time is prolonged beyond con- 
trol levels owing possibly to persistence of 
(’NS depressant effect of the urethan. 

The most striking effects in shortening 


