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"VARIATIONS in the AMYLOLYTIC POWER and 

OOMPOSITICN . of the SALIVA." 

------~-~--------------~------------------~--~--~ 

INTRODUCTORY. 

Investigations conoerning the variations in the char­

aoter ot the human saliva have had to do for the most part with 

those variations of the amylolytic power and composition whioh 

occur under normal oonditions, and of the adaptition of the 

saliva to diets specific in character. In animals, however, the 

field of investigation has naturally broadened out considerably, 

and the questions ot amylolytio power and ot the many variations 

ooourring under difterent conditions in the composition of the 

saliva, aave been much more tully investigated. 

The effect or drugs ppon the character of saliva, the 

amylolytio power espeCially, seems to have been almost entirely 

negleoted. The well known effects of Atropine and Pilocarpine 

on the salivary glands, as regards quantity, should be extended 

to include the oomposition and digestive properties of the se­

cretions as well. 

In the present paper I shall present some results ob­

ta1ne.d trom studying the variations in the amylolytic power and 

oomposition of the human saliva after administration 01' these drugs. 





HISTORICAL. 

Meohanism 2! Saliwary Secretion:- The existence of 

seoretory nerves was first disoovered in 1851 by Ludwig, (1), who 

found that stimulation of the ohorda tympani nerve caused a flow 

of saliva from the submaxillary gland. 

The salivary glands receive a double nerve supply, on 

one hand from the medulla by way of oranial nerves, and on the 

other, fibres from the spinal oord through the cervical sympathetic. 

The cranial fibres to the submaxillary and sublingual glands are 

carried by the ohorda tympani (from the facial and 5th), while 

those to the parotid pass through Jaoobson's nerve from the 9th 

cranial. The sympathetic fibres arise from the ceryical region 

of the spinal cord and are relayed to the glands via the superior 

cervioal ganglion. 

The greater number of seoretory fibers are carried by 

the oranial nerves, being accompanied by vaso-dilators, while a 

smaller number of secretory fibers which seem to be oonnected es-

peoially with the secretion of the organio constituents of saliva, 

pass to the glands through the cervical sympathetio and are 

acoompanied by vaso-oonstriotor fibers. (2) 
1.--, ..... 

To apply Heidengein's (3) theory of secretory and 

trophio fibers, stimulation of the cranial fibers, then, would 

cause vaso-dilation and 8 seoretion of water and inorganic salts, 

these fibers being the seoretory nerves pro~er; while stimulation 

of the trophio or spmpathetio fibers would cause vaso-oonstriotion 

and the formation of the organic oonstituents within the cell, 





ready to be oarried out with the secretmep of water. 

Under normal oonditions the flow of saliva from the 

salivary glands is the result of reflex stimulation of the secret­

ory nerves, by way of the sensory fibers from the mouth and tongue. 

Sapid bodies and other ohemical and mechanical stimuli when applied 

to the tongue or mucosa of the mouth will cause a flow of saliva, 

their effects being in the following desoending order of strength: 

(1) acids, (2) neutral and alkaline salts, (3) bitter substances, 

and (4) sweet sUbstances. (2) Such psyohioal acts as the thought 

of sa.vory food and the feeling of nausea, will also cause a flow 

of saliva, the effect in this ease probably being due to stimula­

tion of the secretory oentre by impulses from the higher oentres. 

Lastly, the medullary oentre may be inhibited as well as stimulated, 

the well known effect of fear, anxiety and embarrassment in pro­

ducing a parched throat, being supposed to arise in this way by 

the inhibitory action of nerve impulses arising in oerebral centres.(4 

Variations ~ Volume Secreted:- Variations in the 

volume of saliva secreted are the most noticable ohanges in the 

saliva which oocur upon variation of the conditions of the se­

oretion; the point and charaoter of the direot stimulation, the 

character of the food, and the drugs employed, are important 

factors in regulating the quantity of saliva seoreted. It is well 

known that stimulation of ohorda tympani will oause an abundant 

flow of saliva; unless the chorda has been reoently stimulated, 

excitation of the sympathetic fi bers oauses praotically no se­

cretion at all. (5) By proper regulation it may also be shown (4) 

that the volume of saliva secreted increases with the strength of 





4. 

the stimulus, provided the gland was previously in a resting con­

dition. 

The volume of the saliva is adapted to the varying 

mechanical needs occurring with the different character ot the 

food. Scheunert and GottsChalk (6) in experimenting on the horse 

~eoently demonstrated that the volume of saliva secreted increases 

with the relative dryness of the food which -is being masticated, 

and also that it decreases with the diminishing appetite as the 

end of a meal approaches. 

tab1es:-

Food 

Hay 

Dry Bread 

Oats 

Grass 

Fresh Bread 

Potatoes 

TUrnips 

Raw Potatoes 

The following is taken from their 

Ex. 1. 

Volume 

190 o.c. 

176 " 
157 " 
147 " 
123 " 

72 " 

Ex. 11. 
Volume 

1304 o.c. 

218 " 

330 It 

121 " 

43 " 

23 " 

2 " 

Scheurnert and Gottschalk (a). 





(5) 

Time in Vol. Saliva Vol. Saliva 
Minutes. Food=1500 g. Hay Food=3000 g. Oats. 

1 - 5 190 c.c. 157 o.c. 

6 - 10 186 150 

11 - 15 162 114 

16 - 20 150 111 

21 - 25 146 89 

26 - 30 143 107 

31 - 35 149 76 

36 -40 131 55 

41 - 45 125 31 

46 - 50 124 55 

51 - 55 151 31 

56 - 60 104 14 

Scheunert and Gottsohalk (6). 

Scheunert and Illing (7) also obtained similar results 

upon two horses. 

The variations in volume caused by different ohemical 

stimuli, acids, alkalis, etc, have already been referred to in the 

paragraph upon reflex saliva, but the effect of certain drugs is 

an important factor which remains yet to be considered. The ex-

perimental work upon this particular phase or the subjeot has been 

limited largely to the action of pilocarpine, atropine, and nioo-

tine, and their etfects are well known. Pilooarpine produces a 

profuse seoretion in m04erate doses, while very small doses ot 

atropine w1l1 inhibit the seoretion entirely, the ourrent theory 
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being th&t . theforae~ stimJ1ates and that the .1atter paralyzes 

the secretory nerve endings. (33) (34) Nicotine also prevents 

salivary secretlon~ but by the paralysis of the connections be­

tween the nerve tibers and the ganglion cells, through whioh the, 

pass, and not by direct aotion upon the nerve endings oamong the 

gland cells. (8) 

Bottazi, D'Errico, and Jappell (9) recently showed that 

solutions of adrenalin will also cause a oomp1ete Btop~age ot the 

flow 01' saliva, no secretion occurring upon electrical stimulation 

of the secretory nerves atter . injeotion of the drug. 

Varl&tlons~ OompoBitlon:- Jappeli (10), in working 

upon the eftect ot the point ot stimulation upon the saliva, ob­

tained results Showing that the solid oontBBt increases in the 

following order, t reflex or spontaneous saliya~ 2 chorda (direct 
. . 

stim~lation), 3 sympathetic saliva (direct stimulation). The 

tact ·,that sJlIlpathetlc saliva contains amuch higher percentage 01' 

organic solids than does chorda saliva has long be~n known, it 

being in ract the foundation upon whioh rests the theory of 

"trophio" and "secretory" fibers to the glands. There is one es-

oeption to this rule, howeyer, Langley (11) having demonstrated 

the fact that in the cat the chorda instead of the sympathetic 

saliva is the more con •• ntrated. As lnthe case ot the Yolume, 

the strength of the stimulus regulates the solid content or the 

saliva. (4) Tbe salts and water inorease with the stimulus up 

to about .77 per oent, while the inorease in organic constituents 

depends upon the condition ot the gland. If it is in a rested 

oondition theyincrease along with the salts and water, but if the 





(7 ) 

gland is fatigued the increase is only temporary, and is followed 

by a fall. 

Exper. Saliva. organia Solids Ex~er. Saliva Organio Solids 
'Oer 100 o. c. 

1. 

2. 

3. 

4. 

1~ Chorda 
2. Sympathetic 

1. Chorda 
2. Sympathetic 

1. Chorda 
2.Sympathetl0 

I. Chorda 
2.Sympathetlc 

per 100 o. o. 
1.14 
1.58 

.73 
1.58 

.84 
1.56 

.89 
1.49 

Carlson, Greer, Beoht t14l. 

5. 

6. 

7. 

8. 

l~Chorda 
2. SymP.8 thetic 

I~Chorda 
2.Sympathetio 

I~Chorda 
2.Sym!)athetic 

I. Chorda 
2.Sympathetio 

1.06 
1.96 

1.24 
1.29 

1.11 
2.40 

.71 
1.-43 

Showing relative organio 

solid content of chorda and sympathetio saliva. 

Heidenhain (12), a,ter working upon dogs and rabbi ta, 

reported that there was no increase in ·solids upon diminishing the 

blood supply to the parot.id gland, and ooncluded therefore_ that the 

vascular oondition (sympathetio, vaso-oonstriction and ohorda vaso­

dilation) of the gland was not a faotor in determining the dlffer-

ence in the chorda and the . sympat~etic saliva. Heidenhain's 

theGry of trophic and seoretory nerves, therefore, has been largely 

depended upon to explain the difference in content of the chorda 

and sympathetic salivas. But there has reoently been sOY!'e o'P'Posi-

tion. to this prevalent hY1>othesis. 

Langley and F1etoher (13) in 1888 found that diminu­

tion of the oxygen sup~ly by dyspnoea, as well as diminution of 

the ar'terial blood sU'9ply by partial bleeding, inoreases the !)er­

oentage ot solids in the dog saliva from the submaxillary gland. 

They thought that probably the s ympathetio saliva might be more 





(8 ) 

oonoentrated then the ohorda 981i98 because of the diminished 

blood supply to the gland; they did not conclude that such was 
in 

actually the oase, in view otthe faot that~the cat the chorda 

saliva is normally more dilute than the sympathetio. 

Langley (38) in his work upon the action ot atro~ine 
after 

upon the seoretory nerves, found thatAatropine neither the organic 

oon*tltuents nor the salts ot sympathetic saliva were increased 

by ohorda stimUlation. If the trophio fibers had esoaped ~ar-

a1ysis, there would have been 8 marked inorease in the percentage 

of organio substance, suoh as Heidenbaln obtaine~. by stimulation 

of the sympathetio and Jaoobson's nerve simultaneously. He 

stimulated for hours after atropine, but never saw'lnseotlons ot 

the heart an4 gland any indioation ot the formation of freash 

substance, whereas without atropine, a distinot outer protein 

zone would have been found. Langley oonc1uded, therefore, that 

the "anabo1iol fibers were paraljzed at the same time as the 

"seoretory" fibers, and the seoretory fibers at the same time 8S 

the "trophio" fibers; or, in other words, the phenomena of atro-

pine poisoning gives no indioation of more than one ki~d of g€­

oretory fibers in the ohorda. 

Carlson, Greer, and Beoht (14) have reoently shown 

also that the variation of the oxygen supply of the submaxillary 

gland due to sympathetio, vaso-oonstriotion or chorda vaso-dila­

tion, is suffioient to acoount for the variation in the solid 

oontent of the two salivas. Even in the oase of the oat diwin-

ishad blood supply oauses sympathetio saliva to be more contentrated 

than the normal ohorda saliva. The tollowing results obtained by 
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ooolusion of the gland artery both on the dog and oat, illustrates 

Carlson' s point: 

No.of Ex. Saliva-Submaxillary 
Gland. 

Solids ~er 100 0.0. 

1. Dog 

2. Dog 

3. Dog 

4. Cat 

5. Cat 

Total. Inorganic. Organio. 

1. Sym"9a thetio 

2. Chorda 

3. .. art. ocoluded 

4. Chorda 

1. Sympa thetio 

2. Chorda 

1.91 

1.15 

2.28 

1.13 

2.26 

1.10 

3. tt art. oooluded 2.31 

4. Chorda 

1. Reflex (Ether) 

2. Sympathetio 

3. Chorda 

4. 

5. 

.. 

.. 
partial art. 

oooluded • 
freater a.rt. 

occluded. 
1. Chorda 

1.20 

.89 

1.23 

1.32 

1.73 

2.03 

.60 

2. Sym. art. oompressed .89 

3. .. " .. .89 

4. " great vaso­
oonstriction. 1.03 

5. Chorda .84 

1. Chorda .17 

2. Sym.-on gl. art. 1.24 

3. Chorda 1.20 

Carlson, Greer, Beoht (14). 

.40 

.40 

.50 

.31 

.59 

.44 

.43 

.31 

.24 

.33 

.81 

.77 

.64 

.13 

.16 

.24 

.27 

.20 

.24 

.24 

1.51 

.75 

1.78 

.82 

1.67 

.66 

1.88 

.89 

.65 

.90 

.71 

.95 

1.38 

.47 

.73 

.65 

.76 

.64 

.73 

1.00 

1.00 

Effeot of diminished 

blood suP?ly to submaxillary gland on solid content of saliva. 
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These investigators oonaluded, therefore, that bhere were 

seoretory nerves to the gland, but that Heidenhain's theory of 

trophiofibers was superfluous. 

Carlson and MoLean (15) in working upon oats, dogs, and 

rabbits, oonfirmed the results obtained by Carlson, Greer and 

Beoht, and also conoluded that, during any single period of ao­

tivity of the submaxillary gland produced by direot stimulation · 

of the ohorda tympani, there is a gradual diminution of the per­

centage of organic solids in the saliva, independent in some oases 

of the rate of seoretion. 

Ex. Order of samples Vol.of 
oollected. 

1. 1. 9.5 
2. 7~05 
3. 10.00 

2. 1. .99 
2. 4.85 
3. 9.80 

3. 1. 1~17 
2. 5.00 
3. 9.85 

4. 1. 1.04 
2. 4~80 
3. 9.00 

6. l~ 1~O2 
2~ 4~92 
3. 9.75 

s. 1. 1~10 
2. 4.82 
3. 5.10 

7. 1. 1.05 
2. 4.68 
3. 5.00 

Saliva. 

c.c. 

Solids per 100 0.0. 
Total. Inorganio. Organic. 

1~36 
1~28 
1.25 

1.63 
1~53 
1.37 

1.58 
1.40 
1.33 

1.34 
1~23 
1.05 

1.49 
1~21 
1.45 

2.07 
1~95 
1.55 

2~OO 
2.10 
1.84 

~31 
.55 
.57 

.25 

.:51 

.51 

.23 

.38 

.48 

.12 

.52 

.36 

.34 
. • 55 

.60 

.25 

.30 

.36 

.59 

1.05 
.73 
.68 

1.:38 
1.22 

.86 

1.:55 
1.02 

.85 

1.'")2-
.71 
.69 

1.15 
.66 
.80 

1.50 
1.25 

1.74 
1.25 

Carlson and McLean (15), showing gradual diminution 

ot solids upon oontinuous stimUlation. 
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Tezner (IS) and Chittenden and Richards (17), have 

worked upon the variations in oontent of human saliva oecuring 
ed 

throughout the day. Their results showAthat the saliva is muoh 

more conoentrated in the morning, and before breakfast, than after 

the meal. There is also a gradual diminution of the solid eon-

tent during the afternoon. 

The effect of drugs upon the solid content of the saliva 

has been neglected almost entirely. Chittenden and Riohards (17) 

that reflex stimulation by alcohol, ginl etc., will increase the 

solids over the content of the normal reflex saliva. 

resul ts. 

Chittenden, Mendel and Jackson (39), obtained the same 

The following is an extraat from their tables: 

2. 4. 

water Water Water Brandy Water Brandy Water Gin 
a b a b a b a b 

Water,per99.52 
_....;:o;....:;e~_ 

Tot. BolidsO. 48 
-oer oent 

Org.Const •• 35 
per cent 
Sal ts, 
per cent 

.13 

99.54 99.50 99.40 

0.46 

.33 

.13 

0.50 

.35 

.15 

0.60 

.45 

.15 

99.157 

0.43 

.31 

99.19 

0.81 

.58 

99.57 99.51 

0.43 

.31 

.12 

0.49 

.35 

.14 

Chittenden, Mendel and Jackson (39) effect of alcoholio 
drinks upon the solid contaam of saliva. 

Pilooarpine is generally sup~osed by pharmacologists 

to inorease the total ammont of solids, if not the peroentage 

oomposition of solids of the saliva. (18) loan find no litera-

ture upon the effect of atropine upon the content in solids of the 

saliva. 
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Variations !u Amylolytio power:- The gener&11~ &0-

oepted view of hydrolysis of staroh by the saliva, is that the 

starch molecules are converted into maltose by the enzyme ~ty811n, 

the digestion preceding no further, unless long oontinued,when 

some inversion occurs. The stages of the digestion are as follows: 

Starch , 
Soluble Staroh 

r-----------~~~-----~-~------, 
erythrodextrins maltoses and'iso-maltoses 

, I 
achroodextrins maltoses and Iso-maltoses (2) 

Neilson and Scheele (20), however, have oome to the oon-

elusion that besides the ptyalin whioh oonverts staroh into mal-

tose, there is another enzyme "maltase", whioh inverts the maltose 

to dextrose, ~heir results showing that any increase or decrease 

i~t1alin and maltase 1s parallel. 

Muoh work has been done on the salivary secretion of 

mammals, but as the saliva of the dog and oat possesses no amylol­

ytl0 power few results upon this particular ~hase of the subject 

have been obtained. A very interesting variation in the digestive 

aotion of saliva 1s the adaptation of the amylolytio ~ower to the 

diet. Neilson and Terry (21) when first working upon this ~ro-

blem used the dog experimentally. Contrary to the general be-

lief that dog sa11va is not amylolytlcally aotive, they ooncluded 

that although the sallva of meat-fed dogs showed praotically no 

digestive power, that ot continuously bread-fed dogs developed a 

staroh~splittlng enzyme. 
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Dog fed on mea t 17 days. 

Gland or 881- it. Arot.Water Amt. lp. o. Time in min. of Amt. of 
iva. staroh. 1st reduot*on. sugar. 

Sublingual 1.47 g 33 0.0. 60 0.0. ( 60 trace of sugar .049 g 
(106 heavy reduction 

Submaxillary 5.9 65 135 ( 60 trace .054 
(105 heavy reduction 

Parotid 1.6 31 62 ( 50 traoe .071 
o 90 heavy reduotion 

Dogs fed on meat 14 days. 

Sublingual • 45 10 • 18 SO no sugar No quanti-
120 " " tative de-
180 " " termination 
240 trace sugar 

Submaxillary 4.55 50. 103 60 no sugar 
120 " " 
180 t. .. .029 
240 traoe sugar 

Dogs fed on bread 14 days. 

Sublingual .43 9.5 17.1 60 no sugar 
120 sugar at onoe 

Submaxillary .41 • 46 90 • 60 no sugar ) .041 
120 good reduotion) 

Parotid .65 12.4 24.8 60 no sugar 
120 trace sugar 

Neilson and Terry (21) • Adaptation of dog's saliva 

to diet. 
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These results of Neilson and Terry have not been 

acoepted. Garrey (22) in 1907 and Mendel and Underhill (23) 

have published papers denying that the dog saliva is amy1olyti­

cal1yaotlve: 

a.Red. next 
day. 

Exper. 1. 

Sal. 20 0.0. 
Ste.rchpaste. 

Toleune. 

.0117 g cu. 

b.lodine test 
atter 2 days. 

o.lodine test 
atter 9 day s. 

d.Reduetion atter 
9 days. 

Exper. 2. 

Sal. 20 c.o. 
Staroh paste. 
No Toleune. 

a. faint 

b. blue 

c. decomposed 

d. none 

Exper. 3. 

Sal. 10 c.o. 
Toleune. 

Ex-qsr. 4 

Sal. 20 0.0. 
Starch -qsste. 

Toleune. 

a. .001 g ou. a. faint 

b. blue 

c. blue 

d. posi tive 

Vendel-Underhill (2~)- "No evidence of adaptation of 

amylolytlc power." Dog fed on bread 4 to 6 weeks. 





(l4-A) 

Carlson and Ryan (24) have reoently reported the ~re­

senoe of diastase in the oat saliva to a small extent, there being 

a starch-splitting enzyme present, capable of olearing a boiled 

starch solution. 

Saliva 1 c.o. Sal. 
5 " Staroh 
paste used. 

Submaxillary 

1.Chorda stirn. 

2. . tt tt 

3. .. .. 

4. tt .. 

5.Pilocarnine 
injeotion 

6.Pllocarpine 
injeotion 

Parotid 

7.Pilocarpine 
inj eotion 

.. 

tt 

tf 

tt 

.. 

.. 

tf 

Time in Hours. 
11/2 21/2 31/2 

clear 

.. 

partly 
clear. 

no 

no 
clearing 

tf 

.. 

olear 

partly 
clear. 

no 
clearing 

.. 

.. 

clear 

.. 

.. 

partly 
clear 

Carlson and Ryan (24) Diastase in Cat Saliva. 

Iodine. 
~1/2 

red 

.. 

.. 

tt 

tinge red 

blue 
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The work done u~on animal saliva has been largely to 

sm~plement that upon h~~an saliva. After their ex~eriments Unon 

the adaptation of dog saliva to the diet, Neilson and Lewis (25) 

worked upon the same problem in regard to the human saliva, oon-

oluding that the amylolytio power is adapted to the diet. 

Ex~er. 

w. 
L. 

¢. 
M. ' 

Control of Diet. 
mal to se av. 
3 days. 

120 mg ) 
120 )protein 

116 )Carbo-
91 )hydra te 

Percentage change 
from amt.maltose 
in control. 

Diet. P.C.change Diet. 
from last 
day urea.ex. 

1st. 2nd. 3rd. 

-13 -13 -16 Ohanged to 7.8 78 Changed 
-7 1/2 -8 -10 carbohyd. 49 52 to nrotein 

8.6 30 62 Changed to 52 63 Changed to 
18 20 34 protein. 25 60 carbohyd • 

Neilson and Lewis (25) • Adaptation of human saliva 

to diet. 

The o~ove extraot from their tables show conclusively 

that the saliva of protein-fed individuals reduces the least 

starch to sugar, and that of oarbohydrate-fed subjeots the most. 

The aotion of mixed diet saliva was taken as a standard of com-

parison. 

Chittenden and Richards (17) obtained some very inter­

esting results from studying the variations in arnylolytia power 

whioh occur normally throughout the day. They showed that the 

saliva is muoh more amylolytical1y active before the morning meal 

than afteMiards. The cur',e of digesti ve !'ower would then grad-

ually increase until the noon meal, and then fall, this d6cre~se 

being not So decided 8S that whioh occured in the morning. Re­

flex stimulation with alcohol, gin, and whiskey, was found to in-

orease the amylolytic power over that of normal reflex saliva. 
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Chittenden and Richards also determined the al~a1inlty 

of the saliva in these eXperiments, the results showing that the 

alkalini ty rose and fell wi th the amylolytic !lower. At first 
~ 

glance it would seem that the increase d digestive action was due 

to the inoreased alkalinity of the saliva: Langley and Eves (26) 

have olearly demonstrated that the amylo1ytio ~ower of saliva 

is greatest when the liquid is neutral, so this could not be true. 

Further work upon the effect of acids and alkalis uoon 

salivary digestion has been done by Chittenden and Griswold (27). 

Their re~~lts show that acid to .005 per cent inoreases the dias­

tasie aotion, while that above .005 per cent decreases and stops 

the digestion entirely. Alkalis in strength favorable to try~81n 

digestion do not impede the action of Ptyalin to any extent. 

Experiments 1. 2. 3. 4. 5. s. 7. 8. 9. Mean rat 10 I 

HlD 100 100 100 laO 100 100 100 100 100 100 

• 005 HCL 110.0 100.79 104.4 113.32 109. ~3 

.025 " 90.07 54.91 70.94 90.09 7A.49 

• 050 .. 9.15 11.95 3.3P .0 43.8 8. 21 

.005 NaCo 93.87 97.93 95.90 

.025 ,. 89.36 88.27 88.81 

.050 " 85.44 81.37 98.15 88. 32 

.150 " 93.84 64.73 79. 28 . 

.300 " 76.90 98.52 87.71 

.025 HOI gastriC juice 131.19 136.60 133.8P 

.050 " " " .00 .00 • no 
Chi ttenden and Griswold (27) • Acids a.nd B.lkalis on 

diastasic aotion of saliva. 
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Chittenden and Ely (28) also determined the effect of 

p8~tones upon the digestive aotion of saliva: 

Table of peroentage of starch rediced to sugar--

Without ~eptones. Wi th 'Pe~tones. 

1. 41.01 -per oent 44.05 per oent 

2. 41.89 44.68 

3. 41.88 47.58 

4. 41.38 44.72 

5. 39.13 42.89 

Saliva alone. Saliva and acid. Saliva, acid and pe~tones. 

1. 41.01 per oent 

2. 41.69 

3. 41.88 

Saliva alone 
wt. Cu. in 1/10 

1. .0905 g 

2. .0904 

3. .1281 

3.50 per cent 

3.64 

4.51 

Saliva and 50 0.0. 
NaCo 

.6 0/0- .0239 g 

.3 .. - .0593 

.1 .. - .0908 

48.85 per cent 

48.95 

48.48 

Saliva, alkali 
peptones • 

• 045S 

.0685 

.1197 

and 

These results show that the addition of ~eptones in-

oreases the diastasio action of saliva. Acid, which alone al-

most stops the digestive action, augments the normal increase 

caused by peptones, when mixed with the latter. Although the di-

astasie action is normally reduoed by .6 - .3 - .1 per oent, sod­

ium oarbonate solutions, ~Be &ddltion of peptones lessens the de" 

crease one-half. 
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Neilson and Terry (29) re~orted that notassium iodide 

also inoreases the aotivity of ~tyalin. Their results showed that 
'f- -

small quanlties, one-fourth to one-half o.c. of a te~ ner oent 
"-

solution, when added to ~test tube digestion inorease the activity 

of the enzyme the most, ~l though the larger qUB.nti ties also in-

crease the amylolytic power. Similar results were obtained when 

the potassium iodide was given by way of the mouth. The normal 

saliva was collected for three days, and samples after adminis-

tration of the drug for the same ~eriod; the averages of the two 

se~ies were taken for comparison. 

Contents of flask in c.o. 

Control-
Staroh paste 
Water 
Dilute saliva 

fll) 
15) 
10 ) 

Starch paste 75) 

Amt. Maltose produced. 

128 

Pot. Iodide lOpe. 15) 140 
Dilute saliva 10) 

Starch paste 75) 
Pot. Iodide 10po.l/2) 212 
Distilled water 14) 
Dilute saliva 10) 

Test tube digestions. Neilson and Terry (29). 

No.1. Mal tose. 

Control- average 3 days 17 mg 

1st day 150 gr. KI given 

2nd day 150 " It 

3rd day 150 " It 

4th day 150 .. .. 
Control- 3 days later 

Neilson and Terry (29) • 

40 

50 

65 

66 

22 

KI given by way of mouth. 
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The effect of . temperature on enzyme action is well known. 

Sloss. and Linbosoh (30), in working upon the effect of temperature 

upon the activity of ptyalin, found that the digestion increased 

at a fairly uniform rate from 40 degrees I. up to about 58 degrees C. 

From there on it decreases rapidly, being practically nothing at 

70 degreese They therefore considered 58 degrees as ap~roximately 

the optimum temperature for salivary digestion, although this 1s 

somewhat higher than is generally acce~ted: the discre~ancies wtre 

probably due to variation in the conoentration of the digesting 

solutions. 

Another faotor whioh seems to influence enzyme action 

is the effect of shaking. Shaklee and Meltzer (31) found that 
h 

shaking may com9letely destroy the aotion of pepsin, renin, and 
" 

trypsin, the destruction taking place more rapidly at higher than 

lower temperatures. 

Harlow (32) obtained similar results when working with 

saliva and ptyalin. The destruction seems to be upon the enzyme 

moleoules in the same manner in which living cells are acted u~on. 

The long period of shaking neoessary to destroy the ferment (eight 

hours or more) indicates that no attention need be paid it in the 

ordinary laboratory experiments with ~tyalin. 

~ Aetion ~ Pilooarnine and Atropine:- I could 

find no literature whatever, on the aotion of pilocarpine or atro-

pi~e upon the amylolytlc power of saliva. Yost of the work .pon 

the action of these drugs upon salivary seoretion has been largely 

to determine the variations in volume and the point of aotion of 

the drugs. That a.tropine paralyzes the secretion of saliva, and 
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that pilocarpine increases and in sufficient dose~ paralyzes it, 

has long been known. Langley (33) in working upon the neutral 

antagonism ot the two drugs showed that either drug could ~revent 

the aotion of the other provided the proper proportions were used. 

Very small quanities of atropine were found sufficient to counter­

balance the aotion of relatively larger amounts of pilocar~ine. 

The antagonism seems to be physiological, - a question of' affinity 
for the 

shown by the tissues ~ " one drug .'or the other. Marshall (34) 

also concluded that the antagonism between the drugs is physiolog­

ical, the ratio of strengths being about one part of atronine to 

forty parts of pilocarpine. 

The question as to whether or not atropine and ~ilo­

oarplne act upon the seoretory nerve endings, or upon the gland 

cells themsleves, is at present undecided. The large majority of 

physiologists have accepted the view that the nerve endings are 

acted upon and not the cells. This theory is based upon the 

classic experiment showing that aiiaR.sR if sufficient atropine 

be given to prevent any searetion upon chorda stimulation, ex­

oitation of the sympathetic still causes a flow of saliva. For 

this reason most physiologists have conoluded that the gland cells 

were not paralyzed. 

Matthews (35) is one of the recent opponents of this 

theory. He found that by clamping the artery to the gland, all 

secretion would stop, and upon readmission of' the oxygen supply 

by unclamping the artery, a rapid flow of saliva occurred. 

It will be seen from the following results that the 

seoretion occurring upon readmission of the blood supply is par-
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alyzed by atropine, and Mathews concluded, therefore, that the 

drug must act directly upon the gland cells. 

Time. Stimulation. Secretion in m.m. 
h. m. s. 

2 - 37 - 10 Clamped artery. 

39 - 30 5 

39 -40 2 

39 - 41 0 

43 - Unclamped. 

43 - 44 2 

44 - 45 38 

45 30 1 0.0 • • 5 p.o. atropine in femoral vein. 

45 - 46 40 

46 - 46 15 

46 - 47 6 

47 - Chorda 20 seo • 2 

48- ft .. .. 0 

53 - Sympathetio 30 sec • 30 

53 - 56 .. .. tt 0 

56 - Ohorda 20 seo. 0 

Mathews (35 ). 

Matthews (36) in another article published some results 

obtained from studying the effeot of atropine and pilooarpine 

upon embryos. He worked with star fiah and sea urohin embryos 





and found that their deve10pement was retarded by 8.tro"9ine and has-

tened by pilocarpine. In applying these results to salivary 

seoretion he oonoluded that as the animal cells seem to be acted 

upon direotly in the oase of embryos, the same is probably true 

of the salivary cells, any increase or decrease in aotivity 

being due to increase or decrease in the oxidative decomposition 

of the cell protoplasm. 

Work upon the metabolism of the submaxillary gland by 

Barcroft (37) sUP90rts tilat part of the theory concerning the 

effect of atropine upon oxidation in the gland oe11s. He s}"1owed 

that three times as much oxygen was taken up and carbon dioxide " 

given off by th~ active gland (chorda stimulation) as by the 

resting gland. After paralysis of the ohorda seoretion by 

atropine, however, stimulation of the chorda caused no increase 

in the in take of' oxygen, al though the ou tpu t of carbon dioxide -. 

was inoreased as before. 

Oxygen intake after chorda paralysis by atropine. 
Total . Mean 

Resting gland .1928 .15 .42 1.Q40.0 •• 250 c.c • 

Chorda stirn. .1725 .13 .43 • 98 .245 

Carbon ,dioxide output after chorda -paratysis by atro!,ine. 

Resting gland 

Gland stim. 

.22 

.52 

B'arcro ft (37). 

.13 

.61 

.41 1.07 .27 

1.28 3.12 .78 

Metabolism of submaxillary gla'nd. 

The supply of oxygen, then, seems to be 8 most lm~or­

tant factor in secretion. ! The fact that t~. e oar~on dloxlde out­

put is Ineresse~ by chord~ 8timulation after atro~lne administration 
entirely paralyzed, and is not 

probably means that the oel1 s were not Ifi point in favor of Matthew.-~ s 

theory. 
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SUMMARY Q[ LITERATURE. 

From the preoeeding literature, it is seen that the 

saliva is·affected by almost any change in the physioal or ohem­

ioal oonditions under whioh the secretion occurs; the oharaoter of 

the stimulation, food, temperature, ohemioals, etc., all oause its 

properties in volume, solid content and amylolytic power to re­

spond one way or the other. These facts hold good regardless of 

the theory of "trophio" and It secretory" nerves ,which need not be 

disoussed here, although the oxygen supply "to the glands seems to 

be the all important factor in determining the solid oontent of 

the saliva. The point of aotion of the drugs pilocarpine and 

atropine is also an unsettled question. With this problem the 

present paper is not primarily concerned. The evidence, however, 

is in favor of the theory that they act upon the secretory nerve 

endings, the former drug stimulating and the latter paralyzing 

them. In looking through the literature, one is struck by the 

absenoe of any reoords of the effect of these drugs, atropine and 

pilooarpine, upon the physico-chemical properties of the saliva, 

I shall present in this paper, therefore, some results showing 

the effeot of pilocarpine and atropine upon the volume, amylolytic 

power, amount and percentage of solid content, organic and inor­

ganiC, of the human saliva, without taking into special eonsider­

ation the speoific point of aotion of the drugs. 





EXPERIMENTAL. 

Collection Q! Ssllva:- The re~lex secretion of sal-

i va was exci ted by chewing ordinary pe,raffin. The collection 

was always made in the morning before breakfast, so that the 

glands would be in an approximately constant condition of rest be­

fore the period of secretion. Dr. R. B. Gibson alternated with 

me in collecting the saliva for the experiments. The resul ts . 

show the variations to be practically the same tor the two indiv­

iduals. 

I had intended to collect normal samples for several 

days, and then samples for several days showing the drug effects, 

and average the two series for com9srison. Tables 1 and 7 are 

of some results obtained with this method. The normal sam~les, 

however, show such great variations from day to day that I de­

cided that I could arrive at no definite conclusions by this 

method. In the remaining ex~erlments the saliva was collected 

in sepa.rate samples for consecutive fifteen minute periods, dur­

ing the entire time of the secretion, which was usually of about 

an hour and a half to two hours duration. Six or eight samples 

collected in this way served as a control, and also rurnished in­

teresting results concerning the normal variations in saliva 

during a oontinuous period of secretion. 

For the drug experiments , I would collect normal 

saliva for the first fifteen minute period as the control, take 

the atropine or pilocarpine, and proceed with the collection of 

samples which would show the variations caused by the drug. 





In this way the time of maximal and minimal effect of the drug 

could be determined, and by collecting the first sample 8S a 

control, any error due to change of the normal standard for amy­

lolytio power and solid content during the last twenty-four hours 

was eliminated when comparing the normal and drug variations. 

Determination of the ~Ylolytic Power:- In determin-

ing the amylolytic power of the various samples of saliva, I 

proceeded as follows: 5 c.o. of filtered saliva were added to 

150 c.c. of two per cent starch paste prepared from pure arrow 

root'staroh. The digestion which continued at room temperature 

for twenty minutes. It was then stopped by the addition of 50 O.C. 

of twenty per cent sodium carbonate solution. This method of 

stopping the digestion with strong alkali solution is an improve­

ment, I believe, over the usual method of boiling the mixture; it 

is muoh more oonvenient, and the exact time of digestion is much 

more acourately controlled. 

The amoun.t &t mal tose "9roduoed was then determined by 

Benedict's (38) method. A mixture of 10 o.c. of each of the sol­

utions A, a, 0, was used for each titration. 

Solution A. Crystallized Co~ner Sul~hate 

Distilled Water 

Solution B. 

Solution c. 

Rochelle Salts 

Sodium Carbona.te 

Distilled water 

Potassium Sulpho Cyanide 

Distilled water 

59.30 g 

1000 c.~. 

346 g 

200 g 

1000 c.o. 

200 g 

1000 c.o. 
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2.5 grams to 5 grams of sodium oarbonate were added to 

the mixture of the solutions in order to inorease the alkalinity 

and thus obtain a more definite end point. This mixture was 

kept boiling vigorously in a small beaker , while the digestive 

starch paste plus sodium carbonate solution was run in slowly 

until the blue color of the mixture had entirely disappeared; this 

is the end point of the titration. As Benediot's formula was ~or 

dextrose, I ran some one per cent maltose solution oontrol titra-

tlons, and found that the 10 o.c. of oopper sulphate solution 

was eq1hvalent to approxima.te1y t~ .115 grams of mal tose, theequation 

for determining the amount of maltose produced being: 

y : .115 g = 100 : x 

Titration 

Determination Q! Total Solids ~ ~:- For the deter-

mination of the oontent in total solids, the standard method of 

drying in low porcelain oruoibles on the water bath, then in the 

air bath at 105 degrees e., was employed. The residue was 

weighed for the total solids, ashed, and weighed ag~in to deter-

mine the oontent of inorganio solids. The difference between the 

two results thus obtained was taken as the content of organio oon-

ati tuents. 

A definite quant1jy, 50.0. of filtered saliva, was used 
in 

in all of these determinations for oontent aai solids. 
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CONTROL OBSERVATIONS. 

The value of m~ results showing the effects ot ~ilo­

carpine and atropine, neoessarily depended entirely u~on the oon-

trol observations which were used for comparison. Accordingly 

I performed a number of experiments to asoertain any variations 

whioh might occur in normal saliva throughout the six or eight 

conseoutive fifteen minute periods of secretion. 

The variations shown in !able 1, 1n saliva ••• oollected 

on different days, demonstrated the impossibility of using the 

normal results of one day as a control for aoourate drug effeets 

on the next. These variations, though not great, were enough to 

eliminate any definite conolusions as to the oonstancy of normal 

saliva, or of the variations caused by the drugs. At the same 

time they serve to illustrate the ohanges in the normal oomposi­

tion of saliva from day to day. For samples within a period of 

three days, the volume had changed 14 0.0., the amylolytl0 power 

130 mg. of maltose pro~oed, and the oontent in total solids .09 

per cent. 

The results obtained from the saliva colleoted in oon­

secutive fifteen minute periods, however, showed very little var­

~tion throughout the period of seoretion, and therefore served 

as good controls for the drug experiments. 

My results are tabulated, but the charts whioh I have 

made for each table, show at a glance any variations whioh may 

oocur. Chart 2A shows the volume of saliva seoreted per fifteen 

minute period, to be approximately oonstant for the six conseeu-
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tive periods. Although there are both inoreases and deoreases 

in some of the experiments, I have found that these changes co­

inoide with any variation in the strength whith which I chewed 

the paraffin. and that even at the last of my longest experiments, 

1 could always increase the volume by additional stimulation of 

the glands in this way. 

Amylolytlc power:- Chart 3A shows that the amy~olytic 

power also remains approximat •• , constant throughout the periods 

of secretion. From the line of average variation it appears 

that' there may be a very slight taIling off during one or two of 

the fifteen minute periods, but that the amount of maltose pro­

duoed is usually just as great for the last period as for the 

first. 

Content !It Solids:- In making up mp tables I have 

oomputed not only the variations in the ~ercentage oomposition 

ot the solid content, but also the aotual amount of solids se­

oreted during eaoh of the entire fifteen minute periods. 

Both the amount and percentage of total solids seem 

to remain praotioally the same throughout the experiments, with 

the exoeption of Bxperiments 1 - 3, where error in teohnique 

probably oause the variations. An average of the variations 

of Experiment 3 - 9 shows that any ohange · whioh ocours, is 8 very 

slight diminishing of both amount and peroentage oom~osition 

usually in the seoond period of secretion. 

Praotioally the same oan be said of the amount and.~er-

oentage of organio solids, - Ohart 5A. 





Chart SA shows the amount and percentage of inorganio 

solids to be constant, so the slight fallin« off of total solids 

is due to the ohange ooourring in the organio solid content. 

SUmmary of Control Observations:- From the above it 

seems, therefore, that the results obtained from a series of sam­

ples collected in conseoutive fifteen minute periods, would serve 

as good oontrols for comparison with the drug variations. What 

changes did occur, were entirely in acoordance with the litera­

ture reviewed,- that the volume ohanges with the strength of 

stimulus, and that there is a decrease in the organic solids dur­

ing a continuous period of seoretion, (15). The diminution of 

organio solids in my experiments, however, was not a gradual de­

crease such as Carlson and McLean (15) obtained with a oat, but 

occurred in most cases about the second geriod of seoretion, the 

amo1Ult and gercentage oomposition usually being baa. to normal 

during the fifth and sixth periods. 

At any rate I do not believe that there was suffioient 

change in any of the physioo-chemical ~roperties of the normal 

saliva to need special oonsideration when they were oompa.red with any 

decided drug effects. 
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Table 1. 

Collector E. G. 

Date of Exper. 1-7-09 1-10 1-1"1 1-12 ,-13 ~-1' 1-14 1-17 I..eO 

Vol. c.c. 16 21 20 21 30 21 35 30 27 

Amylolytic pow- .718 .676 .718 .575 .580 .851 .234 .469 .605 
er g. mal tose. 

Total solids .46 .54 .52 .48 .54 .46 .56 .54 .58 
percentage. 

Peroentage org. .34 .48 .40 .36 .38 .38 .50 .40 .48 
solids. 

Percenta.ge inorg •• 12 .06 .12 .12 .16 .08 .06 •. 14 .10 
solids. 

Normal Variations in Saliva:- Collections made 

during a period of 7 days. 
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Table 2. 

Ex. Col. Samples colleoted in consecutive 15 min. periods. 
Volumes in c.o. 

Per. Per. Per. Per. Per. Per. Per. Per. 
1 2 3 4 5 6 7 8 

1. B. Vol. 20 18 20 20 

2. E. Vol. 18 18 18 18 

3. G. Vol. 40 48 38 38 39 40 

4. G. Vol. 45 40 43 40 40 43 37 

5. E. Vol. 4-0 30 33 35 35 40 

6. E. Vol. 33 33 33 30 30 35 

7. E. Vol. 35 30 30 30 30 33 

8. E. Vol. 20 20 20 25 18 18 

9. E. Vol. 25 25 25 25 25 35 

~Qrmal Variations ill Volume. 
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Table 3. 

Grams of maltoae produced by samples collected 

in consecutive 15 minute periods. 

Ex. Col. Per. Per. Per. Per. Per. Per. 
1 2 3 4 5 6 

1. E. .82lg .821 .821 .821 

2. E. .696 .685 . • 696 .685 

3. G. .469 .460 .460 .460 .425 .425 

4. G. .766 .756 .746 .718 .718 .741 

6. E. .522 .506 .500 .522 .522 .522 

6. E. .522 .479 .471 .522 .479 .479 

7. E. .500 .479 .500 .479 .500 .52~ 

8. E. .718 .676 .676 .718 .718 .718 

9. E. .756 .766 .766 .766 .766 .766 

Normal Variations in Amy10lytlc Power. 
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Chart 3A. 
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Table 4. 

Total Samples oolleoted in consecutive 15 min. periods. 

Ex. Col. Solids Per. Per. Per. Per. Per. Per. Per. 
I 2 3 4 5 6 7 

Amt. se- .104 g .0756 .088 .104 
creted. 

1. E. 
peroen- .52 .42 .44 .52 

tage. 

Amount .0952 .0756 .072 .075 
2. E. 

Percentage. 56 .42 .40 .42 

Amount .240 .307 .197 .182 .210 .244 
3. G. 

Potg. .60 .64 .52 .48 .54 .eo 
Amount .297 .254 .275 .248 .224 .~58 .2~ 

4. G. 
Potg. .66 .66 .64 .62 .56 .60 .60 

Amount .176 .120 .132 .140 .140 .160 
5. E. 

Petg. .44 .40 .40 .40 .40 .40 

. Amount .132 .132 .132 .114 .114 .140 
6. E. 

Pctg. .40 .40 .40 .38 .38 .40 

Amount .152 .102 .102 .102 .102 .112 
7. E. 

pctg. .38 .34 .34 .34 .34 .34.-

Amount .076 .072 .080 .120 .072 .nS2 
8. E. 

potg. .38 .36 .40 .44 .40 .46 

Amount .100 .100 .100 .100 .100 .1f54 
9. E. 

Pctg. .40 .40 .40 .40 .40 .44 

~orma1 Variations in Total Solid Comtent. 
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Table 5. 

Ex. Col. Organic Samples collected in consecutive 15 min. l'lerio dS 4 

Solids. Per. Per. Per. Per. Per. Per. Per. 
1 2 3 4 5 6 ~ 

Amount se-.080 g .0504- .072 .084-
1. E. creted 

Pctg. vol • • 40 .28 .36 .42 
secreted. 
Amount .071 .054 .054 .054 

2. E. 
Pctg. .42 .30 .30 .30 

Amount .208 .230 .152 .136 .156 .172 
3. G. 

Pctg. .52 .48 4" • v .S8 .4.0 .43 

Amount .207 .176 .197 .168 .144 .163 .1S? 
4. G. 

pctg. .46 •• 44- .46 .42 .36 .38 .44-

Amount .128 .084 .092 .098 .098 .104 
5. E. 

pctg. .32 .28 .28 .28 • ~8 .26 

Amount .092 .092 .092 .066 .066 .091 
6. E. 

pctg. .28 • ?8 • 28 • 26 • 26 .26 

Amount .120 .078 .078 .078 .078 .085 
7. E. 

pctg. .30 .26 .26 .26 .26 .26 

Amount .048 .048 .056 .085 .059 .054 
8. E. 

Pctg. .21 .24 .28 .30 .28 .32 

Amount .70 .70 .70 .70 .7') .11£: 
9. E~1 

pctg. .28 .28 .28 .28 .28 .34-

Normal Variation~ in Organic Solid S .. z..a.Content. 
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Chart 5A. 
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Table 6. 

Ex. Col. Inorg. Sol. Sam!)les collected in consecutive 15 min. 
Periods. 

Per. Per. Per. Per. Per. Per. Per. 
1 2 3 4- 1:\ n 7 \,.; 

Arnt.Secreted .024 g .025 .016 .020 
1. E. 

Percentage .12 .14 .08 .10 

Amount .0238 .0218 .018 .0216 
2. E. 

Percentage .14 .12 .10 .12 

Amount .032 .076 .045 .045 .054- .072 
3. G. 

Percentage .08 .16 .12 .12 .14 .17 

Amount .09 .08 .07 .08 .08 .09 .05 
4. G. 

Percentage .20 .22 .18 .20 .20 .22 .16 

Amount .048 .036 .039 .042 .04.2 .056 
5. E. 

Percentage .12 .12 .12 .12 .12 .14 

Amount .039 .039 .039 .048 .048 .049 
6. E. 

Percentage .12 .12 .12 .12 .12 .14· 

Amount .032 .024 .024- .024 .024 .026 
7. E. 

Percentage .08 .08 .08 .08 .08 .08 

Amount .028 .024 .024 .035 .021 .028 
8. E. 

Percentage .14- .12 .12 .14 .12 .16 

Amount .030 .03 .03 .03 .03 .035 
9. E. 

Psrcentage .12 .12 ;12 .12 .12 .10 

Norma.l Variations in Inorgan~.Q. Solid Content. 
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VARIATIONS AFTER ADMINISTRATION QE PILOCARPINE. 

With it established that the properties of saliv& re­

main approximately the same throughout the s.x periods of seore­

tion, I prooeeded with the experiments showing the effect of 

pilocarpine. 

Normal saliva was oolleoted for the first fifteen min­

ute period as the oontrol, the drug was then swalloed in a gel­

atine capsule, and the collection continued without further in­

termission. The sucoeeding samples show not only the drug effect 

upon the properties of the saliva, but also the ~oint of maximal 

and minimal change. 

Volume:- The well known effect of pilocarnine u~on 

the volume secreted is shown by Chart SA, and need not be dis­

cussed, exoept to mention that the maximal inorease a~pears to 

occur about the third period in the case of the saaller doses; 

the volume remains high after the larger dmses until the experi­

ment was conoluded. 

Amylolytic Power:- The amylolytic power of the sa1-

iva is very materially diminished by pilocar~ine, a decrease occurr­

ing in every experiment performed, - Chart 9A. There seems to be 

no definite relation between the quantity of the drug taken and 

the deorease in amount of maltose produced. For instance, in 

Experiment 4 with a dose of .005 grams of pilocarpine there was 

8 decrease of 328 mg. of maltose, - in Experiment 6 with .01 grams 

pf pilocarpine there was a decrease of 366 mg. of maltose, - while 

in Experiment 8 after a dose of .013 grams of the drug, there was 





only a decrease of 129 mg. of maltose produoed. The amylolytio 

power appears to be lowest about the seoond period after admin­

istration of the drug. 

Content ~ Solids:- The results in Table 10 and 

Chart lOA show that pilooarpine largely inoreases the actual 

amount of total solids seoreted, but that the neroentage of total 

solids remains more nearly normal. From the line of average 

peroentage variations, it seems that if there is any change in 

the peroentage oomposition of total solids, it is an increase, 

and not a decrease as stated by Sollman (18). 

Charts llA and 12A show that these changes, i.e., an 

increase in amount and percentage of total solids, - are due to 

inorease in amount and peroentage of both the organic and inorgan-

i C oon*tttuents. The greatest variation, however, appears to 

occur in the amount of the organic solids secreted. 

The maximal increase in solid oontent seems to occur 

in the seoond Deriod after the administration of the nilooarnine. J,; _ J
M 

Summary 2f Effect of Pilocaruine:- Whether or not the 

increase in volume after pilooa~ine, is caused by stimulation 

of the seoretory nerve endings, or by direct action upon the 

gland cells, need not be discussed in this ~a~er. SUffice it to 

say that my results showed the same inorease in volume obtained 

by former investigators. 

The amylolytic power of the saliva was diminished by 

the small doses as we~l as by the large ones. In the majority 

of the experiments it remained low longer after the larger doses 
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than after the smaller ones. 

There does not seem to be any relation between the 

volume seoreted and the amylolytio power. For instanoe, in 

Experiment 5, the normal volume and amylolytio power were 19 o.c • . 
respectively, 

and 766 mg. of maltose, while in the fourth period of this exper-
" 

iment the volume seoreted was 50 o.c., and the amy101ytio ~ower 
were 

had come back to normal,- 766 mg. of maltoseAproduced. 

From the increase in solids that my results show, I 

would infer that the tftro~hlc" as well as the "secretory" fibers, 

or ·cell elements, are stimulated to increased aotivity by pilo-

carpine. 

Another point brought out in Table 7 appears to i1l-

ustrate the acquired toleranoe for pilocarpine mentioned by some 

of the old investigators, (34). Here the results show that the 

same dose of the drug when given several times, gradually de­

oreases in its effeet upon the pro~erties of the saliva. I 

made no speoial study of acquired toleranoe for the drug in this 

work, but simply mention it as my explanation for the decreased 

action of the same quantity of pilocarpine, as shown by the re-

sults in Table 7. 
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Table .7. 

Date and Dose Control Pil" •• OO3g .003 Pilo. .003 Pil!». • 004 P1lo. 
1-14-09 1-15-09 1-16-09 1-17-09 1-19-09 

Volume 21 o.c. 4·5 o. o. 30 0.0. 28 o.c • 45 c.o. 

AmY·Po •• r g. .861 .323 • 403 .676 .493 
Mal tose. 

pc~g. Tot. Solids .46 .52 .40 .46 .4S 

pctg. Org. Solids .38 .36 .34 .32 .28 

Pctg.lnorg. .08 .16 .06 .14 .18 
Solids 

Variations in Saliva after Administration 2! Pilocsrpine. 

{Collections made on consecutive dsys.} 





Table 8. 

Volume in 0.0. after drug samples col,. 
Exper. Control 1ected in oonsecutive 15 min. periods. 

and 15 min. Per. Par. Per. Per. Per. Per. Per. Per. 
Collector Period. ,., 3 4 5 6 7 8 9 G 

1. E. .004· 25 39 30 25 

2. E. .004 18 36 28 25 

3. G. 58 co .005 47 50 55 48 52 

4. E. 25 .005 25 43 41 35 

5. 'E. 19 .010 28 30 50 50 

6. G. 37 .010 40 54 55 53 36 45 50 40 

7. EE 37 .010 30 55 70 60 52 45 

8. E. 33 .013 33 56 75 61 59 

Variations in Volume after Administration Q! Pilocarnine. 
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Chart SA. 

Variations in Volume after Administration £t pilocarnine. 





Exper. 
and 

ColI. 

1. E. 

2. E. 

3. G. 

4. E. 

5. B. 

6. G. 

7. E. 

8. E. 
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Table 9. 

Control Pilo. Grams Maltose produced after drug samples 
15 min. ear- collected in consecutive 15 min. -periods. 
Period pine. Per. Per. Per. Per. Per. Per. Per. Per. Per. 

2 3 4 5 6 7 8 9 10 

.004g .547 .425 .433 .575 

.004 .267 .230 .182 .209 

.389g .005 .343 .323 .323 .319 .323 

.821 .005 .493 .821 .821 .821 

.766 .010 .756 .766 .718 .766 

.676 .010 .676 .676 .310 .310 .319 .287 .281 .255 .287 

.442 .010 .370 .348 .359 .383 .323 .255 

.676 .013 .547 .575 .575 .575 .638 

Variations in Arnylo1yti c Power !fter Admini s trs. tion 

of Pilocarnine. 

N.B. This ta.ble shows the relative digestive activity of the 

saliva before and after pilocar~ine,- 50.C. of the saliva were 

used in eaoh digestion, irrespeotive of the total volumes secreted 

for the various 15 minute periods. 
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Chart 9A. 
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Table 10. 

Exper. Total Sa~p1es collected in consecutive 15 min. periods, 
and 

ColI. 

1. 

E. 

2. 

E. 

3. 

G-. 

4. 

E. 

5. 

E. 

6. 

G. 

7. 

E. 

8. 

E. 

solids drug taken between periods 1 and 2. 
Control Pilo. 
Per. taken Per. Per. Per. Per. Per. Per, Per. Per. 

1 2 :3 4 5 6 7 8 9 

Amt.See. .OO4g .125 .163 .138 .115 

Petg. 

Amt. 

Potg. 

Amt. 

petg. 

Amt. 

Potg. 

Amt. 

potg. 

Amt. 

Petg. 

Amt. 

Potg. 

Amt. 

Petg. 

.50 .42 .46 .46 

.090.151 .106 .100 
.004 

.50 .42 .38 .40 

.348 .282 .320 .374 .297 .33~ 
.005 

.60 .60 .64 .68 .62 .S4 

.110 .110 .189 .180 .154-
.005 

.44 .44 .44 .44 .44 

.076 .112 .114 .200 .220 
.010 

.40 .40 .38 .40 .44 

.222 .256 .345 .363 .328 .416 .315 .310 . .396 
.010 

.60 .64 .64 .66 .62 .84 .70 .62 .66 

.1628 .150 .264 .350 .276 .208 .180 
.010 

.44- .50 .48 .50 .46 .40 .40 

.145 138 .246 .375 .280 .259 
.013 

.44 .42 .44 .50 .46 .44 

Variations ~ Total Solid Content after Administration 

of Pilocarpine. 





(~O ) 

Cha.rt lOA. 

~ 

....: ~ <"'Ij ~ I.ri 
~ 

N ~ ... 
>i ~ .( ~ ..( 

oa 
~ ~ ~ 

'It. 
~ ~ I.IJ ~ '-'J ltJ ~ 

~ 
~ 

Variations in Total Solid Content after Admini st .. ra tion of 

Pilocarpine. 





(51) 

Table 11. 

Samples collected in consecutive 15 min~ periods, 
Exper. drug taken between periods 1 and 2. 

and Org. 
ColI. Solids Control Pilo-

Per. earpine. Per. Per. Per. Per. Per. Per. Per. Per. 
1 2 :3 4 5 6 7 8 9 

1. Amt. Sec. .100 .124· .096 .075 
.004g 

E. Petg. .40 .32 .:32 .30 

2. Amt. .079 .115 .084 .080 
.004 

E. petg. .44 .32 .30 .32 

3. Amt. .243 .197 .220 .275 .211 .228 
.005 

G. petg. .42 .42 .44 .50 .44 .44 

4. Amt. .090 .090 .154 .147 .133 
.005 

E. petg. .36 .36 .36 .36 .38 

5. Amt. .053 .078 .078 .140 .130 
.010 

E. Petg. .28 .28 .26 .28 .26 

6. Amt. .162 .184 .237 .253 .233 .299 .189 .200 .228 
.010 

G. Petg. .44 .46 .44 .46 .44 .46 .42 .40 .38 

7. Amt. .111 .108 .187 .252 .192 .135 .117 
.010 

E. Pctg. .30 .36 .34 .36 .32 .26 .26 

8. Amt. .105 .105 .179 .285 .207 .188 
.013 

E. Petg. .32 .32 .32 .36 .34 .32 

Variations in Organi.e Solid Content after Administration of Pl1o---
Carpine. 
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Chart llA. 
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Table 12. 

Exper. Inorg. Samples oollected in consecutive 15 min. periods, 
and Solids. drug taken between periods 1 and 2. 

ColI. Control 
Per. Pilo- Per. Per. Per. Per. Per. Per. Per. 

1 carpine. 2 3 4 5 6 7 8 

1. Amt. Sea. .025 .039 .042 .040 
.004g 

E. Potg. .10 .10 .14 .16 

2. Amount .010 .036 .022 .020 
.004 

E. Petg. .06 .10 .08 .08 

3. Am.unt .104 .084 .100 .099 .096 .104 
.005 

G. Pctg. .18 .18 .20 .18 .18 .20 

4. Amount .020 .020 .034 .032 .021 
.005 

E. Potg. .08 .08 .08 .08 .06 

5. Amount .022 .033 .036 .060 .09 
.010 

E. pctg. .12 .12 .12 .12 .18 

6. Amount .059 .072 .108 .110 .095 .117 .126 .110 
.010 

G. petg. .16 .18 .20 .20 .18 .18 .28 .22 

7. Amount .051 .042 .077 .098 .084 .072 .063 
.010 

E. Potg. .14 .14 .14 .14- .14 .14: .14 

8. Amount .039 .033 .067 .090 .07~ .070 
.013 

E. potg. .12 .10 .12 .14 .12 .12 

Variation in Inorganio Solid Content after Admin!..§.-

tration Qf Pi1oearuine. 
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VARIATIONS AFTER ADMINISTRATION ~ ATROPINE. 

The same methods .a.. were used with the atronine ex-

periments as in the oase of pilocarplne,- a normal sample was 

collected during the first period, the atropine taken, and the 

collection oontinued. 

Volume:- The usual deorease in the volume of saliva 

secreted was obtained, - Chart 13A, - the maximal effect of the 

drug usually ocourring about the sixth geriod, toward the end of 

the experiment. In some of the experiments there was not enough 

saliva seoreted in the fifth and sixth periods for an~lysis. In 

one experiment, No.7, there was a marked increase in volume in 

the third period, before the oharacteristic atropine fall. This 

variation, I believe, was due to an increase in the strength in 
r 

the stimulation from the chewed ~ar~ine, and not to any drug 

effect. 

Amylolytlc Power:- Chart 14A shows the amylolytic 

power of the saliva to be markedly dimintshed, the maximal de­

crease usually occurring about the seoond period after adminis-

tration of the drug. In the majority of the experiments there 

seems to be a tendency for the amylolytic activity to increase 

towards the fifth or sixth periods, 8S though the drug effect 

had worn off. That the atropine is still acting, however, is 

shown by comparison of Charts 13A and 14A. It will be seen here 

that, although the arnylolytlc power has returned to almost nor-





mal, the volume seoreted is still on the decline, thus showing 

that the drug is still acting. 

Content ~ Solids:- There is a marked deorease in 
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the amount of total solids secreted after atro~ine, the quantity 

dia1nlshing steadily as the experiment progresses. The nercen­

tags oomposition of total solids 1s deoreased also, but on the 

whole, to a somewhat lesser degree than the amount seoreted. 

In some of the experiments, however, the deorease in amount and 

peroentage composition is praotioally parallel. 

A glanoe at Chart l7A of the variations in inorganic 

solids, shows both the amount and peroentage oomposition of the 

inorganio constituents to be approximately oonstant, so that the 

deorease in the total solids must be due to a diminishing of the 

organio oonstituents. This is shown by Chart l6A, both the amount 

and percentage of the organio solids deoreastng in praotioally 

the same ourvesas those of the total solids" - Chart l5A. In 

Experiments 4 and 5 the amount and peroentage of organic oonstit­

uents were still on the decline at the end of the period of se­

oretion, while in some of the others the oontent is more nearly 

normal about the sixth period. 

SUmmary of Effeot ~ Atropine:- I have shown in the 

above the well known deorease in the volume of sallva seoreted 

after atropine, and aleo, that the drug has a retarding influenoe 

upon the formation or seoretion of the other constituents whioh 

were oonsidered, i.e., ptyalin and the content in solids. 
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To just what physiological action of the drug these 

variations are due, is a question to be determined. Barcroft (37) 

has shown that atropine exerts a marked influenoe upon the oxygen 
t intake of the salivary glands~ and M~~hews (35) (36) results al-

ready refered to, point to the fact that atropine retards the 0.-
ldative deoomposition of protoplasm. It seems probable, therefore, 

that the diminishing which I have shown in the seoretion or the 

of the above constituents of the saliva after atropine, is due to 

a retarding of the oxidative metabolio prooesses whioh take ~laoe 

within the secretory cells. The exact point of action of the 

drug 1s immaterial; the retarding influence may be effected through 

the secretory nerve endings, or by direct aotion u~on the gland 

oe11s. 





(58) 

Table 13. 

Volume in c.c., samo1es oollected in consecutive 15 min. 
Exper. periods, drug taken between periods 1 and 2. 

and 
ColI. Control 

Per. Pilo- Per. Per. Per. Per. Per. Per. 
1 carpine. 2 :3 4 5 6 7 

1. 
38 cc. .5 rng 32 35 32 32 26 ~O 

E. 

2. 
38 .5 32 31 35 35 36 

E. 

3. 
45 1. 40 45 35 33 25 18 

E. 

4. 
55 .5 55 50 50 40 25 25 

G. 

5. 15 In 
40 1. 40 35 30 17 25 

G. 

6. 
20 1. 20 20 15 19 15 

E. 

7. 
35 1. 30 35 40 ~7 15 15 

E. 

Vari8tion~ in Volume after Administration of At!,opin~. 
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Chart loA. 
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Table 14. 

Grams Maltose produced,- samples collected in oonsecutive 
15 min. periods,- drug taken between periods 1 and 2. 

Exper. 
and Control AtI1)-

CoIl. Per. pine tak- Per. Per. Per. Per. Per. Per. 
1 en. 2 :3 4 5 6 7 

1. 
.500 g .5 mg .410 .442 .425 .410 .495 .500 

E. 

2. 
.638 .5 .335 .495 .469 .469 .425 

E. 

3. 
.741 1. .469 .442 .500 .522 .605 .756 

E. 

4. 
.460 .5 .315 .323 .359 .302 .277 .359 

G. 

5. 
.575 1. .575 .522 .460 .410 .389 

G. 

6. 
.348 1. .250 .191 .194- .273 .191 .194 

E. 

7. 
• 273 1 • .198 .198 .201 .212 .261 .261 

E. 

Variations in Amy101ytic Power after Administration 

of A tronine. 
;; 
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Chart 14A. 

Variations in Amylolytic power. after Adminl~ation of 

Atropine. 
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Table 15. 

Samples collected in consecutive 15 min. periods, 
Exper. drug taken between periods 1 and 2. 

and Total Control 
ColI. solids Per. p.tro- Per. Per. Per. Per. Per. Per. 

1 pine. 2 :3 4 5 6 7 

1. Amt. Sec. .182 .128 .140 .128 .128 .109 .1?O 
.5 mg 

E. Pctg. .48 .40 .40 .40 .40 .42 .40 

2. Amount .167 .134 .130 .147 .147 .202 
.5 

E. Pctg. .44- .42 .42 .42 .42 .44 

3. Amount .207 .184 .189 .161 .151 .110 .079 
1. 

E. Potg. .46 .46 .4·2 .46 .46 .44 .44-

4. Amount .363 .308 .280 .260 .200 .120 
.5 

s. Potg. .66 .56 .56 .52 .50 .44 

5. Amount .264 .264 .224 .174 .085 .072 
1. 

G. Petg. .66 • 66 .64 . .58 .50 .4:8 

6. Amount .092 .092 .105 .092 .069 .069 
1. 

E. Potg. .46 .44 .42 .46 .46 .46 

7. Amount .154 .126 .147 .168 .113 .072 
1. 

E. Pctg. .44- .42 .42 .42 .42 .48 

Variations in. To •• l Solid Content a.fter Administratton 

2.f Atro12ine. 
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Chart 15A. 
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Table 16. 

Samples oolleoted in oonsecutive 15 min. periods, 
Exper. drug taken between periods 1 and 2. 

and Org. Control 
CoIl. Solids Per. Atro- Per. Per. Per. Per. Per. Per. 

1 pine. 2 3 4 5 6 7 

1. Amt.Seo. .136 g .089 .112 .089 .OS8 .B.078 .004 
.5 mg 

E. Potg. .36 .28 .32 .28 .28 .30 .28 

2. Amount .136 .108 .105 .119 .119 .147 
.5 

E. Potg. .36 .34 .34 .34· .34: .32 

3. Amount .144 .112 .126 .105 .099 .070 .054 
1. 

E. Potg. .32 .28 .28 .30 .30 .28 .~ 

4. Amount .286 .220 .200 .180 .128 .085 .005 
.5 

G. Potg. .52 .40 .40 .36 .32 .30 .26 

5. Amount .192 .184 .140 .114 .054 • .045 
1. 

G. Petg. .48 .48 .40 .38 .32 .30 

6. Amount .068 .072 .08 .064 .057 .057 
1. 

E. Petg. .34 :if.' 
.34 .32 .32 .38 .38 

7. Amount .105 .090 .105 .120 .081 .048 
1. 

E. potg. .30 .30 .30 .30 .30 .32 

Variations in Organio Solid Content after Adminlstratiop 

2.f Atro121ne. 
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Chart leA. 

Variations in Organic Solid Content art~r Administration Qf 

A tropine. 
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Table 17. 

Samples oolleoted in conseoutive 15 min. periods, 
Exper. grug taken between periods 1 and 2. 

and Inorg. Control Atro-
ColI. Solids Per. pine. Per. Per. Per. Per. Per. Per. 

I 2 :3 4 5 6 7 

1. Amt.Seo. .045g .038 .028 .038 .038 .031 .036 
.5 mg 

E. petg. .12 .12 .08 .12 .12 .12 .12 

2. Amount .030 .025 .024 .028 .028 .043 
.5 

E. petg. .08 .08 .08 .08 .08 .12 

3. Amount .063 .072 .063 .056 .6!2 .040 .025 
1. 

E. potg. .14 .18 .14 .16 .16 .16 .14-

4. Amount .077 .088 .080 .080 .072 .035 .040 
.5 

G. potg. .14 .16 .16 .16 .18 .14 .16 

5. Amount .072 .08 .084 .060 .030 • .027 
1. 

G. potg. .18 .20 .24 .20 .18 .18 

6. Amount .024- .020 .025 .028 .012 .012 
1. 

E. potg. .12 .10 .10 .14 .08 .12 

7. Amount .049 .036 .042 .048 .032 .024 
1. 

E. petg. .14.· .12 .12 .12 .12 .16 

Variations ill Inorganic Solid Content after Adminis-

tration of Atrooine. 





Chart 17A. 

Variation~ in Inorganic §Qlid Content after Administration 

of A trop.ine. 
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~ AMYLOLYTIC POWER. 

In the preoeeding tables and disoussion, only the rel­

ative amylolytio power of the saliva after administration of ~tro­

pine or pilooa~ine, as compared with that of the normal secre­

tion, has been considered. 

The same amount of saliva, 5 c.c., was used in each 

digestion and the amount of maltose produoed, determined. As 

has been shown, the ohanges were very great, the results indicat­

ing that either the aotivity of the ptyalin was diminished, or, 

what is more ptobable, that the actual amount of the enzyme 88-

creted was deoreased. 

In what way both atropine and pilocarpine, which ex­

hibit a mutual antagonism, cause this deorease in amylolytio power, 

must be determined. 
of 

Besides the questionArelatlve amylolytic power, i.e., 

- the amounts ot maltose produced by the same quantities of 

saliva, - there is another point to be oonsidered. In the oase 

ot a drug like pilocarpine, whioh inoreases the volume of saliva 

secreted to such an enormous extent, would not the amount of mal­

tose ~roduced by the total volume secreted in a given period, be 

greater than that produced by the normal saliva seoreted in the 

same length of time, although the relative amylolytio power or 
the drug saliva is less than that of the normal secretion? To 

determine this point, I caloulated the amounts of maltose pro­

duoed by the total volumes of saliva seoreted in the various 

fifteen minute periods after administration of pilocarpine, and 





Exper. 
and 

ColI. 

4. 

E. 

5. ' 

E. 

6. 

G. 

7. 

E. 

8. 

E. 
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Table 18. 

Grams maltose produced by total volumes of saliva colleoted 
in the resnectlve 15 minute neriods. 
Control pllo- ,-

Per. carpine Per. Per. Per. Per. Per. Per. 
1234567 

4.10 .005 g 2.46 7.06 6.73 

2.91 .01 4·.23 4.59 7.18 7.66 

5.00 .01 5.40 7.30 3.41 3.28 2.29 2.57 

3.27 .01 2.22 3.82 5.02 4.59 3.35 2.29 

4.05 .013 3.28 6.44 8.82 7.01 7.52 

Variation! in Actual Amount of Maltose Produced Ez ~ 
Total Volumes of Saliva Seoreted atter Administration 

~ Pilocarpine. 

N.B. The above figures ere the amounts of maltose whioh would be 

produced by the total volumes of saliva collected in the various 

15 minute periods. The results in Tables 8 and 9 were used as 

a basis tor oalculation. 
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Chart l8A. 

Variations in Actual Amount of Maltose produced :!2.l the Total 

Volumes £f Saliva Seoreted after Administration 2f Pilocarpine. 





compared the results with the maltose produced by the total 

volumes of the normal saliva seoreted in the control neriods. 

The figures in Tables 8 and 9 are used as a basis for the oalcu-

la tions. 

The results in Table 18 and Chart 18A show that the 

total amount of ptyalin, as measured by the qua.ntity of maltose 

produced by the total volumes of the saliva secreted in the var-

lOllS fifteen minute periods, is greater after pilocarpine than i~ 

the normal saliva. In other words, although there is less 

ptyalin in a given quantity of saliva after administration of the 

drug, than in the same amount of the normal saliva, the inoreased 

volume of the secretion caused by the drug, more than comnensates 

the diminished formation or seoretion of the enzyme. Of course, 

unless the effect upon the volume is well marked, this compon-

sation does not occur. In the case of atro~ine where not only 

the amount of ptyalin, but also the total volume of the saliva 

secreted, is diminished, this question of the maltose produced by 

the entire quantity of saliva secreted during the period need not 

be considered. 
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SUMMARY. 

The above results, I believe, are what would naturally 

be expeoted when working with two sets of drugs as atropine and 

pilooarpine. Atropine exerted an inhibitory influence upon the 

formation or aotivity of all the properties of the saliva whioh 

were oonsidered. Pilocarpine, with the exception of its effect 

upon the amylolytic power of the saliva, had a stimulating action 

upon the formation of these same components. 

The fact that the two drugs have opposite eff~cts u~on 

the other properties of saliva, while both I.crease the amylolytio 

power, though to a different degree, brings out the point a.lready 

mentioned, - that the secretion of ptyalin seems to be entirely 

independent of the formation of any of the other oomponents of the 

saliva. 

I have already shown that the amylolytic power has no 

definite relation to the volume secreted. The additional fact 

that the amylolytic aotivity is diminished, both when the solids 

are increased and decreased, justifjes this conelusion. 

The action of atropine and pilocarpine u~on the amylol­

ytic power seems also to be of different duration from the effect 

upon the other properties of the saliva. In many of the experi-

menta with both drugs, the amount of maltose produced is up to 

normal, while the volume and percentage of solids still show 

great variations. 





From my results on the variations in peroentage a~d 

amount of solids in the saliva, and granting that the aotion of 

these drugs is upon the marve endings, it appears that atropine 

and pilooarpine affect both the" trophio" and "secretory" fivers; 

the former paralyzes, and thd l~tt~r stimulates them. (In speak­

ing of "trophic" and "seoretory" fibers, I mean simply the factors 

whioh influenoe the formation of the "trophio" and "seoretory" 

elements proper, of the saliva). 

One point I notioed in oonnection with my experiments 

with atropine appears to be at variance with some results of other 

investigators. Carlson, Greer, and Beoht, (14), conoluded that 

a diminished oxygen supply inorease the solids of the salIva, and 

Baroroft (37) showed that after atropine paralysis, stimulation 

of the ohorda caused no inorease in the oxygen intake, although 

there was a great inorease of the carbon dioxide out9ut. 

My results, however, show that atropine diminishes the 

percentage of solids reflexly seoreted, whatever may be the var­

iation in the oxygen supply. Of oourse, Baroroft results may 

not mean that the oxygen supply is actually diminished after 

atropine, but is simply not inoreased upon stimulation of the 

nerves to the ,land. 

It wlll be remembered, of oourse, that only ther8~eutic 

doses of the atropine and pilooarpine were taken, but as the 

smallest and largest doses oause practically the same variations, 

I believe that my results are oharaoteristio of the physiologleal 

effects of the two drugs. 
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CONCLUSIONS. 

1. The volume, amylolytio power, amount and percen­

tage composition of solids seoreted, of normal saliva, remains 

approximately constant during a continuous period of seoretion 

lasting for six or .mght fifteen minute periods. If there is any 

change, it is a very slight falling off of the percentage oomposi­

tion ot organio solids, and at times of the amylolytio power. 

2. Pilooarpine reduces the amylolytl0 power of the 

normal saliva from thirty to sixty per oent. 

3. Pilocarpine increases the amount and percentage of 

both the organio and inorganio solids of the saliva; the greatest 

inorease is in the organic constituents, however, The percentage 

increase of the solids is not nearly so great as the increase in 

the actual amount secreted. 

4. Atropine diminished the amylolytic power of the 

saliva from about fifteen to thirty per cent. 

5. Hoth the amount and percentage composition of total 

solids secreted are greatly diminished by atropine. The decrease 

is almost entirely in the organio oonstituents. 

8. Pilooarpine and atropine affect the factors whioh 

influence both the "trophio" and "secretory" elements of the 

saliva. 

7. The effect of atropine and pilocarpine upon the 

seoretion, or activity of the ptyalin of the saliva, bears no 

definite relation to the aotion of these drugs upon the other 

physioo-chemioal properties of the se~retion. 
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8. Although the relative amylolytic power of the' 

saliva is muoh diminished by pilooarpine, the amount of maltose 

produeed by the total volume of saliva secreted in a given period, 

atter administration or the drug, is greater than that produced 

by the normal saliva secreted in the .same length of time. This 

is due to the inorease in the volume of the secretion caused by 

the pilocarpine. 

I desire to thank Dr. R. B. Gibson, who has aided and 

direoted me in my work throughout the year. 
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