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Amylase in Electrophoretic and 
Ultracentrifugal Patterns of 
Human parotid Saliva 

The action of human saliva on starch 
was reported for the first time by Leuchs 
in 1831, but the active material, an 
a-amylase, was not crystallized from 
saliva until 1948, by Kurt Meyer and 
associates ( I  ) . The crystallization was 
confirmed in 1953 by Muus (2 ) ,  who 
rt.ported electrophoretic and ultracen-
trifugal analyses of her crystalline prepa- 
ration. Kinersly (3)  demonstrated the 
presence of amylase on an electrophero- 
gram of whole saliva on paper but did 
not relate it to the three protein com-
ponents which he observed. 

The present work describes the loca- 
tion of amylase in ultracentrifugal and 
elcctrophoretic patterns of the secretion 
of the human parotid gland. I t  is a part 
of a more extensive investigation of the 
composition of human parotid and sub- 
maxillary gland secretions by electro-
phoretic and ultracentrifugal methods 
( 4 ) .  The parotid gland secretion was 
found ( 4 )  to contain a maximum of 12 
elrctrophoretically separable components 
and three or four ultracentrifugally sepa- 
rable components. The electrophoretic 
components have been numbered, with 
the most positively charged at pH 8.6 
as component 1 ( 4 ) .  

'The parotid gland secretion, stimu-
lated by chewing paraffin, was collected 
by means of a parotid cup (5) similar 
to that described originally by Carlson 
and Crittenden and by Lashley. The 
tubes from the cup emptied directly into 
receivers supported in an ice bath. The 
saliva was concentrated to approxi-
mately one-fourth of its original volume 
by dialysis overnight at 4OC, against a 
25 percent solution of polyvinylpyrroli-
done. It  was then dialyzed in the cold 
for from 65 to 70 hours against the 
buffer to be used for electrophoresis. 
The Miller-Golder buffer ( 6 )  of 0.1 
ionic strenyth and pH 8.5 was employed. 
It  contained 0.02M Verona1 and 0.08M 
sodium chloride. After dialysis, the sam- 
ple was centrifuged in the ordinary lab- 
oratory centrifuge at 2' to 4 O  for 20 
minutcs. Electrophoretic, ultracentrifu-
gal, and amylase determinations were 
performed on the supernatant liquid. 

Electrophoresis was performed in a 
6-ml cell in the Perkin-Elmer model 38 
Tiselius electrophoresis apparatus. Ultra- 
centrifugal analyses were performed in 
the Spinco model E ultracentrifuge at 
about 26'C. Amylase activity was deter- 
mined by the method of Myers, Free, 
and Rosinski, as adapted for work with 
saliva by Schneyer ( 7 ) .  

In order to locate the position of the 
amylase boundary in the electrophoretic 
pattern, both ascending and descending 
limbs of the cell were sampled at the 
time of maximum resolution. Fine glass 
capillaries were inserted into each limb 
to the center of each successive bound-
ary, as seen by the Longsworth optical 
system. Five samples of about 0.1 ml 
were usually taken from each limb, be- 
ginning with the uppermost boundary. 
At the center of each boundary, the 
concentration of the component forming 
the boundary should be one-half of the 
original concentration. In  succeeding 
samples taken from the same limb, the 
concentration of the first component 
should be greater than 50 pcrccnt of the 
initial concentration. 

Amylase activity was found at  the 
boundary of either component 6 or 7, 
in both ascending and descending limbs, 
in about 50 percent of the initial con-
centration. Since no amylase occurred 
in the descending limb in either corn-
ponents 4 or 5, all of the components 
which had appeared up to that point 
( 1 ,  2, 3, 4, and 5 )  were eliminated. 
By similar reasoning, since no amylase 
appeared in component 8 in the ascend- 
ing limb, all of the components which 
had appeared up to that point (12,  11, 
10, 9, and 8 )  were eliminated. Com-
ponent 6 had an average mobility (-I 
standard deviation) of - 1.1 ri: 0.20 x lo-' 
cm2/volt-sec, whereas component 7 had 
an average mobility of - 1.7i0.05 x lo-? 
cm'/volt-sec. The closeness of the mo-
bilities of these two components made 
further identification impossible, particu- 

Fig. 1 .  (Upper patterns) Electrophoretic 
patterns of the descending limb of parotid 
gland secretion from three individuals. 
The horizontal arrows mark the starting 
boundary. Field strength, 4.4 v/cm; time, 
192 minutes. (Lower patterns) Ultracen- 
trifugal patterns of a parotid gland secre- 
tion at 0, 24, 48, 96, and 136 minutes. 
Centrifugal force, about 250,000g. The 
components with amylolytic activity are 
marked. The experiments were performed 
in the Miller-Golder, barbital-NaC1 buffer, 
pH, 8.5; r/2,0.1. 

larly since both components showed vari- 
ation in individual samples and were not 
always distinguishable. The average mo- 
bility of the component containing the 
amylolytic activity was - 1.5 ? 0.25 x lo-" 
cm2/volt-sec. in the Aliller-Golder buffer 
of 0.1 ionic strength and pH 8.5. In  some 
samples this activity was contained in 
component 6 and in others, in compo- 
nent 7. No estimate of the homogeneity 
of the component which contains the 
amylase is available. The amylase com- 
ponent is marked with vertical arrows 
on typical patterns in Fig. 1 .  

The crystalline human amylase studied 
by Muus (2 )  had a somewhat different 
mobility. From the relationship of mo-
bility to p H ,  as given by Muus (2),the 
mobility of her component -4, under the 
conditions used in this study, should be 
- 2.3 x 10-5 cm2/volt-sec. This value is 
considerably higher than the mobility, 
- 1.4 x 10-5 cm2/volt-sec, found in the 
present work for the amylase in the 
parotid gland secretion. Presumably this 
difference in mobility arises from the 
presence of other components in the 
parotid gland secretion. 

A partition cell was used to help locate 
the ultracentrifugally separable compo- 
nent which contained the amylase. In  
the general investigation ( 4 ) ,  parotid 
saliva was shown to contain two fast 
moving components and either one or 
two slowly moving ones. In  alternate 
experiments the ultracentrifuge was al-
lowed to run with a force of about 250,-
OOOg until either the fastest or the two 
fastest components had sedimented past 
the partition. Samples were withdrawn 
from both the top and bottom chambers 
of the cell after the rotor had stopped. 
The amylase content of the samples was 
then determined. 

The amylase in the parotid gland 
secretion sediments with an average rate 
of 4.1 Svedberg units ( S ) .  This rate 
agrees well with the average found in 
the general study ( 4 )  for one of the 
components, 4.2 S ( 4 ) .  When some of 
the 4.1 S component remained in the 
top chamber of the cell, appreciable 
amylase activity (27 to 61 percent of the 
original activity) appeared in the sample 
withdrawn from the top chamber of the 
cell. In the experiments in which the 
4.1 S component was allowed to sedi- 
ment completely to the bottom cham-
ber> the sample withdrawn from the top 
chamber contained little or no amylase 
activity (0-8 percent). It  seems defi-
nitely established, therefore, that the 
4.1 S component contains the amylase. 
This component is marked with an ar-
row in Fig. 1, which shows a typical 
sedimentation pattern of the parotid 
gland secretion. As with the clectropho- 
retic components, the proportion of the 
component which is pure amylase has 
not been determined. 
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T h i s  sedimentation rate is i n  accord 
w i t h  tha t  reported b y  M u u s  ( 2 )  for  her 
crystalline h u m a n  salivary amylase. S h e  
reported a sedimentation rate (S,,) o f  
4.6 Svedberg units i n  a preliminary ex-
periment. Neither o f  the  afore-mentioned 
values has b e e n  corrected t o  zero con-
centration. 

I n  this work.  a-amvlase has b e e n  lo-  
cated i n  bo th  t h e  electrophoretic and 
ultracentrifugal patterns o f  h u m a n  paro- 
tid gland secretion. I t  has a n  average 
electrophoretic mobil i ty  o f  - 1.4 x 10-5 
cm2/volt-sec and a sedimentation rate 

H O U R S  

Fig. 1 .  Norepinephrine content o f  rabbit 
brain stem at various times a f ter  intraven- 
ous administration o f  reserpine (5 m g / k g ) . 

a period o f  16 hours a f ter  administration 
o f  reserpine ( 5  m g / k g ) ,  and was virtu- 
ally complete for a period o f  several 
hours. T h e  content o f  t h e  adrenal amines 
t h e n  gradually rose and achieved the  nor- 
m a l  value a f ter  about  7 days, a t i m e  
w h e n  brain norepinephrine and serotonin 
were again normal.  T h e  loss o f  m e d u l -  
lary amines did n o t  result f r o m  a direct 
act ion o f  reserpine, since i t  was prevented 
b y  spinal transection at T,, indicating, as 
d o  t h e  findings o f  Holzbauer and V o g t  
( 6 ) ,  that  t h e  deplet ion was the  result o f  
stimulation o f  sympathetic  centers i n  

(S,,, ,) o f  4.1 Svedberg units i n  the  	 brain;  this suggests that  the  deplet ion 
Miller-Golder b u f f e r  o f  0.1 ionic strength 
and pH 8.5. 
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Possible Interrelationship between 
Release of Brain Norepinephrine 
and Serotonin by Reserpine 

T h e  finding o f  a solvent system for t h e  
extraction o f  catechol amines has per- 
mi t ted  the  development o f  a s imple 
fluorimetric method  for the  rapid deter- 
mination o f  norepinephrine i n  various 
b o d y  tissues ( 1) . T h e  catechol amine  ex-  
tracted f r o m  rabbit brain was predomi- 
nantly norepinephrine, w i t h  a small pro- 
portion o f  epinephrine, as shown b y  ac- 
tivation and fluorescence spectra (2),b y  
rate o f  oxidation at variour pH values, 
and b y  paper chromatography. Its distri- 
bution i n  brain was found  t o  b e  i n  gen- 
eral l ike that  o f  serotonin; tha t  is, i t  is 
h igh  i n  brain s tem and l o w  i n  cortical 
areas and cerebellum, as noted b y  V o g t ,  
w h o  used a bioassay procedure ( 3 ) .  

I n  previous studies, w e  have shown 
tha t  reserpine impairs t h e  capacity o f  
b o d y  tissues t o  maintain serotonin i n  a 
bound f o r m  ( 4 ) ,  thereby causing its 
liberation f r o m  brain and other tissues 

( 5 ) .  Recent  observations tha t  reserpine 
also lowers t h e  content o f  catechol 
amines i n  various body  tissues ( 6 )  
prompted a n  investigation concerning t h e  
nature o f  this phenomenon and its pos- 
sible relationship t o  the  release o f  sero- 
tonin. 

Rabbits  received reserpine (5 m g / k g )  
b y  intravenous inject ion and were  sacri- 
ficed at various t imes thereafter.  T h e  
brains were removed immedia te ly ,  and 
t h e  brain stems were analyzed for nor-
epinephrine. T h e  level o f  norepinephrine 
declined rapidly, a definite drop occur-
ring wi th in  15 minutes and about 90 
percent disappearing wi th in  4 hours. T h e  
level remained l o w  for about 48 hours 
and t h e n  increased slowly, attaining t h e  
normal value a f ter  about 7 days (Fig .  
1 ) .  T h e  shape and duration o f  t h e  curve 
is practically identical w i t h  that  depict- 
ing the  e f f e c t  o f  reserpine o n  serotonin 
i n  brain 17) .

\ , 

T h e  e f f e c t  o f  various doses o f  reserpine 
o n  the  norepinephrine content o f  t h e  
brain was determined.  Doses as l o w  as 
0.1 m g / k g  had a definite e f f e c t ,  and 
1.0 m g / k g  was as e f fec t ive  as 5 m g / k g  
(Fig .  2 ) .  T h e  dosage response curve was 
almost identical w i t h  tha t  found for re- 
lease o f  serotonin. 

I t  has been  shown tha t  reserpine ap- 
Dears t o  exert a n  irreversible action. dis- 
appearing rapidly f r o m  brain and other 
tissues and not  appearing t o  act through 
a metabolic product ( 5 ) .  Accordingly, 
the  depletion o f  norepinephrine as well 
as o f  serotonin persists long a f ter  reser- 
pine has virtually disappeared. T h e  
almost identical patterns o f  e f fec t  o n  
serotonin and norepinephrine b o t h  w i t h  
regard t o  duration and w i t h  regard t o  re- 
sponse t o  various doses o f  reserpine 
suggest that  t h e  release o f  t h e  biogenic 
substances i n  brain are closely linked 
phenomena. I t  is possible that  norepi-
nephrine and serotonin are normally 
bound i n  brain tissue b y  similar mecha-  
nisms which  are impaired b y  reserpine. 
Another possibility is that  t h e  serotonin 
released b y  reserpine i n  turn  releases 
norepinephrine ( o r  vice versa) .  

T h e  release o f  catechol amines f r o m  
t h e  adrenal glands was also measured. 
Deplet ion o f  t h e  amines occurred over 

m i g h t  b e  related t o  norepinephrine ( o r  
serotonin)  changes i n  the  central nervous 
system. I t  is pertinent tha t  reserpine, 
which  produces a generalized parasym-
pathetic predominance, induces a pro-
longed stimulation o f  t h e  sympathetic  
nerve innervating t h e  adrenal 

Peripheral norepinephrine was also 
depleted following administration o f  re- 
serpine, doses as small as 0.1 m g / k g  low- 
ering t h e  content o f  amine  i n  the  heart 
b y  about  85 percent wi th in  a period o f  4 
hours. Reserpine also induced t h e  deple- 
t ion  o f  norepinephrine f r o m  spleen. Sec- 
t ion  o f  the  cord at C, or at C, did no t  
prevent t h e  release o f  norepinephrine 
f r o m  the  heart following doses o f  5 
m g / k g  o f  reserpine, indicating tha t  w i t h  
these doses, t h e  liberation resulted 
main ly  f r o m  t h e  action o f  reserpine di- 
rectly o n  t h e  peripheral storage depots. 

T h e  ability o f  reserpine t o  release nor- 
epinephrine and serotonin throughout 
t h e  b o d y  indicates tha t  changes i n  t h e  
amines centrally as well as peripherally 
mus t  b e  considered i n  explaining t h e  
over-all act ion o f  t h e  Rauwolfia alkaloid. 
Accordingly, the  extent  t o  w h i c h  changes 
i n  autonomic balance following adminis-  
tration o f  reserpine m a y  b e  attributed t o  
alterations o f  peripheral and brain nor- 
epinephrine is n o w  under investigation. 
T h e  emerging picture o f  reserpine as a 
releaser o f  serotonin, norepinephrine, 
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Fig. 2. Norcpinephrine content o f  rabbit 
brain stem 4 hours af ter  administration o f  
various intravenous doses o f  reserpine. 
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