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W HEN the Editor asked for a review on Atropine 
and Belladonna, it seemed opportune to clarify 

certain conceptions which stand in the way of the in- 
telligent use of atropine. The first of these is based 
on the typical experiment of the pharmacologist, who 
stimulates the vagus and perhaps the chorda tympani, 
and then gives a large dose of atropine; the heart  rate 
increases and then stimulation of the vagus fails to 
produce its previous decrease in cardiac rate and that 
of the chorda no longer produces secretion of saliva. 
This is a legitimate pharmacological experiment, but 
not a therapeutic one, as the dose employed is many 
times larger than that  used therapeutically; sufficient, 
in fact, to produce intoxication in man. But the 
student, and indeed the older text-book, retain the im- 
pression that a therapeutic dose will increase the 
cardiac rate. This misconception is unfortunate. A 
therapeutic dose, 1/150-1/75 gr. (2/5-4,/5 mgm.), given 
per os or hypodermically will, as a rule, cause re- 
duction of the pulse rate by a few beats at the end of 
half an hour; while a 1/50 gr. may increase it by a 
few beats, 1/30 gr. will increase it by some 20-30, and 
it will take 1/10 gr. to have as great an effect as in 
the pharmacologist 's experiment. With a therapeutic 
dose the mouth is dry but some reflex saliva can still 
be obtained. 

The second misconception is that after  therapeutic 
or even massive doses of atropine the vagus inner- 
vation of the gut is abolished. This has been abun- 
dantly disproved by Cushny (1), Bayliss and Starling 
(2) and Henderson (3). Even small doses (0.2 mgm. 
to a dog) decrease gut tonus but vagus stimulation 
will cause an increase in contractility even after  huge 
doses (30 mgm. to a dog). Similar results have been 
obtained for the cardiac sphincter and the colon 
(Langley and Anderson (4)) .  

The third misconception often repeated in text- 
books is that atropine stimulates the gut. This is due 
to the work of Magnus (5), who first employed the 
isolated gut in the water bath and found that in his 
experiments a concentration of 1:4000 was required to 
produce any effect and then an increase of movement 
was shown. Any modern experimenter who knows his 
technique, can see that Magnus, working before our 
knowledge of the importance of controlled hydrogen- 
ion concentration, had a bad bath fluid. Unger (6) in 
the next year produced a decrease in tonus and con- 
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tractility with a concentration of 1:1,000,000 or less. 
But Cushny, who had not used the technique, pre- 
ferred to believe the famous Magnus rather than the 
unknown Unger and recorded Magnus' results in his 
text-book; yet Unger has been abundantly confirmed 
by subsequent workers. 

The fourth misconception arises from the fact that  
it is assumed that Tincture of Belladonna owes its 
activity to atropine and that the chemical assay of the 
pharmacopoeias indicates atropine content. In the 
British Pharmacopoeia a full dose of 30 mins. of 
Tincture of Belladonna contains alkaloids assayed as 
Hyoscyamine equal to 1/100 of a grain. It has been 
shown by Jendrassik and Will (7), van Lieuwen and 
Maal (8) and others that the pharmacological activity 
of preparations of Belladonna are greater than the 
alkaloidal content if this is considered to be atropine, 
and somewhat greater even if considered as l-hyoscya- 
mine. Indeed, based on tests in our laboratory some 
6-10 mins. Tincture of Belladonna seem to give an 
effect equal to that of 1/100 gr. Atropine in man. This 
is due probably to two factors. The chief alkaloid in 
Belladonna is laevo-hyoscyamine which is known to 
be at least twice as active as atropine, which is the 
racemic form; in addition, it seems probable that the 
other alkaloids present also increase the pharmacolo- 
gical activity. 

The great step in knowledge initiated by Loewi (9) 
and Dale (10) and for which they got the Noble Prize, 
was that on stimulating any parasympathetic nerve 
fibre, acetylcholine was produced at or about its 
terminations. The acetylcholine then acted on the 
gland or muscle cells and led in turn to its activity. 
Further,  it was shown that the sympathetic nerves 
to sweat glands led also to a production of acetyl- 
choline and this is true of certain ~ympathetic fibres 
to vessels in muscles, in certain animals at least. 
Hence Dale suggested the term 'cholinergic' for those 
fibres, parasympathetic or sympathetic, which, on 
stimulation, liberated acetylcholine, and the old obser- 
vation that pilocarpine led to the activity of sweat 
glands as well as all parasympathetically innervated 
glands or muscles, appeared in a new light. Pilo- 
carpine activates all cholinergically innervated struc- 
tures and atropine usually depresses them. The word 
'usually' is used advisedly. A motor nerve to a 
skeletal muscle when stimulated, also liberates acetyl- 
choline and the effect of stimulation cannot be 
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abolished by atropine. This is true also of the pro- 
ganglionic fibres, whether sympathetic or parasympa- 
the~ic, which also liberate acetylcholine in the ganglion 
and which are uninhibited by atropine. 

The dilatation of the vessels of the salivary glands 
on chorda stimulation persists after atropine. This 
might be explained on the basis that the stimulation 
produced acetylcholine, as we know it does, and that 
the acetylcholine diffused to the vessels and dilated 
them. Dale seeks to explain the failure of atropine 
(again even in massive doses) to prevent the stimu- 
lation of the pelvic nerve causing contraction of the 
bladder by the failure of atropine to block the action 
of acetylcholine as it does elsewhere; and again this 
failure must apply to the gut, as was pointed out 
above. The acetylcholine hypothesis of nerve trans- 
mission is quite properly generally accepted, though 
there are somedissidents;  but it is not to be followed 
too slavishly as yet. 

Undoubtedly there is one thing which this work has 
taught us, namely, that injected acetylcholine will act 
on cells, gland or smooth muscle and put them into 
activity. Pilocarpine acts also on cells and atropine, 
acting upon certain cells, prevents acetylcholine from 
activating them. 

SALIVARY GLANDS 

Ivy (11) has well summed up the evidence leading 
to the conclusion that the salivary glands are entirely 
under nervous control. After atropine the effect of 
vagus stimulation is lost before that of chorda, al- 
though this, too, is greatly reduced; but Henderson 
(12) found great variability in the amount of atropine 
actually required by different dogs. In one case 0.1 
mgm. atropine sulphate intravenously to a 10 kgm. 
dog decreased the effect of chorda stimulation from 15 
to 10 drops of saliva; 0.2 mgm. decreased the effect of 
vagus stimulation; 0.5 abolished it, but chorda stimu- 
lation was not inhibited completely. There is abundant 
evidence that about 1.2 mgm. atropine to a man did 
not entirely release the heart from vagus control and 
that to do so 1/30 gr. or 2 mgm. is required. In man 
about 0.5 mgm. usually produces a dry mouth but some 
reflex saliva can still be obtained. As far  as can be 
judged, man is somewhat more sensitive than the dog 
per body weight, the required dose being about 0.3 
mgm./10 kg. for man and 0.5 mgm. for the dog. 

GASTRIC GLANDS 

When we turn to the gastric glands and the effect of 
atropine upon them, the same variability in sensitivity 
should be remembered and secondly, it should be real- 
ized that even an intravenous dose of atropine does 
not exert its full effect for some minutes, while the 
effect of a subcutaneous dose does not reach its maxi- 
mum for some 30 minutes. Orally ,the latent period is 
nearly as long. These points have been overlooked by 
some workers. 

The gastric glands are put into activity by the so- 
called psychic secretion which, in as far  as it arises 
from sense endings in the mouth or nose, might more 
properly be called a reflex secretion. The efferent 

pathway is the vagus. Secondly there are other sources, 
mechanical distension, secretogogue substances which 
act reflexly or directly on the glands. Histamine may 
be one of these, and finally there is evidence of a 
hormone, usually termed gastrin (after Edkins),  
which has been most persistently sought for by Ivy. 
A good summary of the evidence may be obtained in 
his papers (13-22). 

Direct evidence of gastric secretion produced by 
stimulation has been but rarely sought. Pawtow and 
Scbumova (14) and Uschakow (15) however, have 
shown that direct stimulation of the vagus leads after  
a long latent period, to a secretion of gastric juice 
with high peptic activity, but low acidity, probably 
owing to the amount of mucus with which it is se- 
creted. The administration of atropine abolished the 
effect of such stimulation. Further,  it must be re- 
membered that splanchnic stimulation also seems to 
produce secretion. 

Hartzell (16) showed that cutting the vagi de- 
creased gastric acidity for 5 months, but not after a 
longer period on the same animals (Van Zant (17)).  

In animals there is evidence that atropine decreases 
the secretion after food has been given (Riegel (18), 
Keeton, Luckhardt and Koch (19)) and on the whole 
the acid secretion seems to be more depressed than the 
total amount. Lim, Ivy and McCarthy (20) found that 
the secretion obtained by distension was reduced by 1 
mgm. atropine. The secretion produced by secre- 
togogue substances, partly purified and given in vari- 
ous ways, was again abolished. Gray (21), who pro- 
duced a constant secretion by repeated small injections 
of histamine in dogs, showed that  0.5 mgm. atropine 
subcutaneously decreased the acidity by 25%, 1 mgm. 
by 37~,% and 2 mgm. by 43~,  but that  if the histamine 
dosage were larger, such doses of atropine had much 
less effect, thus confirming Keeton, Luckhardt and 
Koch, and Ivy (22) who states that 1 mgm. of atropine 
to a dog will antagonize threshold doses of histamine, 
but not larger ones. 

Again Keeton, Luckhardt and Koch found that  while 
0.025 mgm. atropine reduced the secretion produced by 
a purified but still impure gastrin, 12 times this dose 
did not abolish it. Klein (23) found that when se- 
cretion from a completely denerved pouch was pro- 
duced by hydrochloric acid, 1-1.5 mgm. per kg. dog 
abolished it, but not if the flow was larger. Ivy and 
Jarvois (24) showed that protein hydrolysates ad- 
ministered by stomach tube caused secretion in a 
denervated pouch and that 1 mgm. of atropine pro- 
vented it. 

This brief summary of the striking evidence ob- 
tained from dogs where conditions can be closely con- 
trolled, makes it evident that experiments on man are 
not likely to furnish more than uncertain evidence, 
particularly when there is good evidence that psychic 
inhibition occurs readily, even in dogs. 

The evidence of Adlor (25), Lockwood and Cham- 
berlin (26), Rall (27) and Winkelstein (28), all using 
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t e s t  meals, may  be summed up by say ing  tha t  0.5 
mgm. (1 120 gr.~ produces  bu t  s l ight  reduc t ion  in 
gas t r i c  ac id i ty ,  whe the r  given per  os or subcutane-  
ously;  1 mgm. (1 65 gr . )  p roduces  more  effect, and 
1.2 mgm. (1 50 gr . )  s t i l l  more  effect, but  the  indi-  
v idual  va r i a t i on  is grea t .  

Keefe r  and Bloomfield (29) ,  us ing  an alcohol t es t  
meal (50 cc. 7c/e) found t ha t  a f t e r  a t rop ine  (2 mgm.)  
t h e r e  was of ten a p rompt  in i t i a l  secre t ion  in the  f irst  
10 minu tes  and then a decrease  f rom the normal .  In  
o ther  eases th is  decrease  occurred ear l ie r .  The ac id i ty  
also decreased.  

Pol land (30) us ing  0.2 mgm. 10 kgm.,  i.e. about  
1.2 mgm. and a h i s t a m i n e  s t imulus ,  found a decrease  
in ju ice  volume and pepsin content .  

Crohn (31) found tha t  1 65 gr .  m i g h t  increase  the  
ac id i ty  but  in 2 cases where  t he re  was a cont inuous  
secre t ion ;  the  dose s topped it. 

I t  should be r emembered  also tha t  changes  in 
ac id i ty ,  as a c r i t e r ion  of the  amoun t  of secret ion,  a re  
full  of poss ible  fal lacies.  

A carefu l  s tudy  on a gas t r i c  f is tula ease, us ing  
va r ious  s t imul i ,  reflex, alcohol, h i s t amine  and hydro-  
ehloric acid, wi th  measures  of to ta l  secret ion,  ac id i ty  
and f e rmen t s  (and the effect of a t r o p i n e ) ,  would be 
of value. 

I t  does not  seem imprope r  to sum up the impress ions  
der ived  f rom the l i t e r a t u r e  by s ay ing  t ha t  0.5 mgm. 
will decrease  the  psychic secre t ion  more than  t ha t  due 
to h i s t amine  or the  hormone,  but  t ha t  the to ta l  effects 
will  not be grea t ,  while a dose of 1.2 mgm. a t rop ine  
will abol ish a cont inuous  secret ion,  but  not t ha t  found 
in some eases of duodenal  ulcer. The same dose will 
decrease,  to some extent ,  the effect of h i s t amine  and 
alcohol and may  have some effect if  a meal is the 
s t imulus  (see also Ivy  13-22). 

T H E  P A N C R E A T I C  S E C R E T I O N  

Panc rea t i c  secre t ion  can be produced by vagus  
s t imula t ion  in dogs, but  as is ev ident  in the  exper i -  
ments  of Modrakowski  (32), the  amounts  a re  small .  
On the whole, he ob ta ined  more  response  by r h y t h m i c  
mechanical  s t imula t ion  of the  sympathe t i c .  The  small  
amoun t  of  secre t ion  may  be expla ined by the work  of 
Korov i t sky  (33) ,  who showed tha t  in the  cat  the 
vagus  conta ined fibres which cons t r i c ted  the pancre-  
a t ic  duets.  Popie lsky  (34) c la imed tha t  pancrea t i c  se- 
c re t ion  was as  p r o m p t  on s t i m u l a t i n g  the  vagus  in 
dogs as sal iva on s t i m u l a t i n g  the chorda ;  however  he 
speaks  of  choosing ce r t a in  vaga l  fibres or fibres ac- 
company ing  the vessels  in the g l and ;  but  these  m i g h t  
be sympathe t i c .  Popie l sky  s ta tes  t ha t  his resul t s  could 
be ob ta ined  even if  the  py lorus  were  t ied.  There  is 
every  evidence t ha t  the  secre t ion  may,  in par t ,  be 
psychic.  

Some of the  difficulties in i n t e r p r e t a t i o n  of the  
ea r l i e r  worke r s  were  resolved when Bayl i ss  and  S ta r -  
l ing (35) sugges ted  and produced evidence for  the  
exis tence  of a hormone,  seeret in ,  fo rmed  by the  ac t ion 
of acid or o ther  subs tances  on the  gu t  wall and ca r r i ed  
by the blood s t r eam to the  pancreas .  A n y  doubt  about  
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the exis tence  of  th is  hormone  was c leared away  by the  
work  of F a r r e l l  and Ivy  (36) .  Even p r io r  to the  work  
of Bayl i ss  and S t a r l i n g  i t  was evident  t h a t  in the  dog 
the  ga s t r i c  secre t ion  produced by t a k i n g  food was re- 
duced by a t ropine ,  for  example  Babkin  and Sawi tsch  
(37) ,  Byl ina  (38) and Babk in  (39) .  I t  is, however,  
c lear  t ha t  the  effect of a t rop ine  on hormonal  secre t ion  
is much less. F a r r e l l  and Ivy, for  example,  found tha t  
the secre t ion  produced by g iv ing  hydrochlor ic  acid was 
not reduced by 1.5 mgm. to a dog, and Bayl i ss  and 
S t a r l i n g  could not reduce the  secre t ion  f rom the in- 
jec t ion  of t he i r  impure  see re t in  by a t r o p i n e ;  and  as  
was found by Pawlow (40) and Got t l ieb  (41) ,  the  
cont inuous  pancrea t i c  secre t ion  in r a bb i t s  doubt less  
due to secre t in ,  is not reduced.  

If ,  then, we t u r n  to obse rva t ions  in man,  Hols t i  (42) 
showed c lear ly  tha t  the  p r o m p t  secre t ion  ( in one 
minu te )  on t a k i n g  food and the decrease  in secre t ion  
on in jec t ion  of 1 mgm. of a t rop ine  one hour  a f t e r  
t a k i n g  food, reached its m a x i m u m  in about  20 minu te s  
and las ted  about  one hour.  

Comfor t ,  Os t e rbe rg  and P r i e s t l e y  (43) found t h a t  
1 75 gr.  (0.8 mgm.)  t aken  at  the  beg inn ing  of  a meal  
and repea ted  a t  the  end of the  f irst  and second hours,  
caused a decrease  in secret ion,  especial ly  in t h a t  of the  
second and s ix th  hours.  This  may, in par t ,  have been 
due to an effect on gas t r i c  movements .  McCaughan,  
S inne r  and Sul l ivan (44) found t ha t  1.100 gr .  (0.6 
mgm.)  caused a s l ight  decrease  in a cont inuous  se- 
cret ion,  as did Snyder  and Lium (45) a f t e r  food. 

The doses employed t he r apeu t i ca l l y  in man are  small  
and i t  is ha rd ly  to be expected t ha t  much effect would 
be produced,  especial ly when the secre t ion  is hormonal .  

G A S T R I C  M O V E M E N T  

A carefu l  s tudy  of the  l i t e r a tu re ,  well s ummar i zed  
by Barc lay  (46) and Alvarez  (47) and i l l u s t r a t ed  by 
unpubl i shed  expe r imen t s  in gas t r i c  movements  and by 
severa l  s tudies  of in tes t ina l  movements  f rom th is  
l a b o r a t o r y  (48, 49) ,  leads to the fo l lowing condensed 
p ic tures  of the  movements  of the  s tomach.  P e r h a p s  
the  most  i m p o r t a n t  change  is in t h a t  of the  tonus,  
which produces  va r i ab le  but  not  marked  changes  in 
in te rna l  p r e s su re  and to changes  in form and pos i t ion  
owing to the  pecu l ia r  d i s t r i bu t i on  of the  long i tud ina l  
and p a r t i c u l a r l y  of the  oblique fibres. Secondly, the re  
a re  the so-called pe r i s t a l t i c  waves,  which  l ike those  of 
the  in t e s t ine  as  Cannon (50) has shown, a re  produced 
by s t r e t ch ing ,  but  which accord ing  to the  evidence of 
Thomas  and Kuntz  (51) do not  requi re  the  p a r t i c i -  
pa t ion  of the  plexus as do those of the  in tes t ine .  These  
waves f r equen t ly  begin  in the  a rea  of the inc isura ,  but  
may  occur  in the  cardia .  Usual ly  not  deep at  first,  as 
t hey  p rog re s s  t ow a rds  the  pylorus ,  they  become deeper  
and may  in ex t reme  cases cut the content  in two. 
When a wave has  p rogressed  to  wi th in  2-3 cen t ime te r s  
of  the  pylorus ,  t h e r e  is of ten a sudden con t rac t ion  of  
th is  a rea  (called a sys to le ) .  Super imposed  on these  
waves  a re  smal le r  more  f r equen t  waves  (wavele t s  of 
Alvarez  and Z i m m e r m a n  ( 5 2 ) ) .  These  a re  poss ib ly  
not p rogres s ive  a n d  m o r e  o r  l e s s  resemble  the  



244 AMERICAN JOURNAL OF DIGESTIVE DISEASES VOLUME 10 
NUMBER 7 

rhythmic waves of the intestine. Just  before a peris- 
taltic wave, they are more marked and may be super- 
imposed on it. Apparently there are also waves of a 
slower character than either of these; the waves of 
tonus change. The musculature of the pylorus is con- 
tinuous with that of the pyloric antrum, but somewhat 
thicker. Functionally it seems to act as a continuation 
of the stomach but the tonus of this region is highly 
variable. In some cases it is almost patulous and con- 
tent passes easily, very slight peristaltic waves being 
enough to forward the content, but on the other hand 
the tonus may be high and even deep waves force little 
or nothing, as though the contraction of the pyloric 
sphincter had occurred so promptly that  it prevented 
the passage of content. The careful work of Quigley 
and Read (53) indicates that most of the ejected 
stomach content passes before the sphincter contracts, 
but that some passes in the early phase of sphincter 
contraction. 

The stomach is supplied with both vagus and sympa- 
thetic nerves. The vagus: there is clear evidence that  
vagus impulses reflexly produced by the act of 
swallowing cause a relaxation of the cardiac sphincter 
and of the cardia. The work of May (54) and Cannon 
and Lieb (55) shows this clearly in animals and also 
that vagus stimulation may produce the same effect, 
of ten followed by a rise in tonus of the sphincter. I t  
is not known how far  these inhibitory fibres spread 
over the cardia. On the other hand, there is abundant 
evidence that stimulation of the vagi may produce in- 
crease of tonus and of peristalic waves (McSwiney 
and Wadge (56), McCrea and McSwiney (57)).  
Hence it is not astonishing that  varying results have 
been obtained by all students of the question, but the 
evidence may be summed up by saying that if the 
tonus is high and/or movements marked, vagus stimu- 
lation produces a more or less marked inhibitory 
effect, at all events for a short period, while if tonus 
is low and/or movements slight, vagus stimulation is 
augmentor. As the action of pilocarpine varies simi- 
larly, it seems that  both types of fibres are cholinergic. 
The effect of atropine might also be expected to be 
indefinite. In McSwiney and Robson's (58) work with 
isolated gastric muscle strips from the cat, vagus 
stimulation which produced contraction changed to 
relaxation after atropine, as though augmentor actions 
were more readily depressed by this drug. 

THE SYMPATHETIC 

Similar results have been obtained by stimulation 
of the sympathetic, but when tonus is high or move- 
merits marked, inhibition is produced and when low 
the reverse. The work of Brown and McSwiney (59) 
should be noted, as they found that the frequency and 
strength of the stimulus produced different effects. In 
the dog, for example, in the antrum only occasionally 
did low frequency produce augmentation, but usually 
all strengths and rates caused inhibition, while in the 
body of the stomach 1 per second or weak stimuli 
might produce increased rate of movement and some 
increase of tonus while more frequently a stronger 

stimulation produced inhibition of tonus and move- 
ment. A careful study with modern methods of con- 
denser discharges on the two nerves might be of 
value. 

E X P E R I M E N T S  WITH ATROPINE IN MAN 

Here again we find a varying result obtained, and 
even more than in the experimental animal it is diffi- 
cult to select the best technique (see the discussion of 
this problem by Neidhardt (60). The balloon technique, 
so often used, gives information which may or may 
not be adequate. In the pyloric region a small well- 
filled balloon should record both tonus changes and 
peristaltic waves, but the smaller waves are not seen 
unless they fuse. In the body of the stomach, unless 
the balloon lies in apposition with the walls, i.e. is 
large, tonus changes may not be recorded and if the 
balloon is large and not distended fully (when it will 
act as a source of stimulation as it has been frequently 
shown that distension of the stomach does) then a 
small peristaltic wave may not be recorded. Unfortu- 
nately, most observers have not furnished adequate 
details of the method used. Use of the X-ray, when 
continuously watched, has a large subjective error and 
when plates are taken they show only the state at 
their particular time. 

Lasch (61), using the X-ray technique, reports that  
in normal stomachs if gastric tonus was high or 
normal, tonus was decreased by atropine 1-1.5 mgm. 
intravenously, if low there was little change. Marked 
peristaltic waves were decreased or abolished. 

Titelbaum (62), using a pyloric balloon, reports 
that 0.5 mgm. intravenously decreases the balloon 
pressure (tonus) and also the large waves, but not in 
all cases in which higher doses were required. He 
brings forward the following observations which seem 
to be important. After recording for 20 minutes, 0.3 
mgm. atropine intravenously was given, the waves 
ceased: then 100 cc. of gruel was given; the peristaltic 
waves reappeared, as one might expect from the ad- 
ditional stretching produced. These were recorded for 
15 minutes and 0.5 mgm. of atropine was given intra- 
venously with no effect, nor did a repetition of this 
dose produce any effect. However, 1 mgm. did lead to 
a decrease. This suggests that  the effect of atropine 
depends on the conditions present in the stomach. This 
work might well be repeated. 

Veach (63), using a balloon method, used a prelimi- 
nary injection of morphine (7.5 mgm., ~ gr.). This 
usually produced an increase in tonus and movements 
(probably on account of a central vagus action), 
though in cases with low tonus the morphine might 
produce inhibition. Atropine, 0.3 mgm. intravenously, 
decreased the movements and lowered tonus. Fre- 
quency of the recorded waves was not much changed. 

Quigley, Johnson and Solomon (64) in normal men 
recording with a triple balloon method and using an 
insulin hypoglycemia stimulus (which is also probably 
vagal), injected 1 mgm. atropine subcutaneously and 
the movements were decreased. Their results parallel 
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those of Wilder and Schlutz (65) in the dog with 
insulin stimulation. Quigley (66) in another paper  
contrast ing the effects of atropine and novatropine, 
found that  in his cases the increase of movements pro- 
duced by insulin was completely inhibited by 0.65 
mgm. atropine subcutaneously in about 8 minutes, the 
effect last ing 45 • 15 minutes. I t  required 1.5 mgm. 
of novatropine to produce the same effect. 

The work of Anderson and Morris  (67), who were 
careful to estimate the sensi t ivi ty of the i r  pat ients  by 
recording the effect of atropine on cardiac rate, again 
showed in fas t ing men varying effects, 0.05-0.3 mgm. 
intravenously might  increase the hunger movements, 
0.4-1.0 caused cessation. Subcutaneously 1.2 mgm. 
would seem to be required to produce an equal effect. 
They found, however, that  0.1 mgm. intravenously and 
repeated in 30 minutes, produced an effect equal to a 
single dose of 0.6 mgm. Neidhardt  (60) and Otvos 
(68) report  s imilar  varying results. 

I t  seems obvious that  the results of atropine ad- 
minis t ra t ion  on the peris tal t ic  waves and tonus will 
depend on the dose and an effective one may be esti- 
mated at 0.6 mgm. intravenously or 1-1.2 mgm subcu- 
taneously. The effect of such doses will, however, in 
part ,  depend on the causation of the movements, for 
example the fullness of the stomach, and on the exist- 
ing tonus and degree of the movements. Fur ther ,  it 
is probable that  under certain conditions of tonus 
smaller doses will produce some effect on the move- 
ments and on gastr ic  emptying time. 

GASTRIC EMPTYING TIME 

As might  be expected from the foregoing, the 
studies of the effect of atropine on emptying t ime have 
given highly variable results, ranging  from Folley and 
Abbott  (69) in five carefully controlled cases, who 
conclude that  0.4-0.8 mgm. before a meal produce no 
essential change, to such a study as Her r in ' s  (70) of 
th i r teen  normal cases in whom atropine about 1-1.2 
mgm., g i v e n  subcutaneously increased the ini t ial  
emptying t ime in 9 out of 13 cases, and the t ime to 
final emptying in all 13 cases; the tonus was always 
lowered, per is ta l t ic  waves were of less depth and of 
the same frequency. He points out, however, tha t  if a 
large meal was given, the delay was less. Lasch, too, 
found with doses of 1-1.5 mgm. intravenously, the 
emptying t ime was greater ,  but not in all cases; in 
atonic cases the delay was g rea te r  than with normal 
ones and greates t  in hypertonic cases. Lowy and Tez- 
her (71),  giving 1 mgm. subcutaneously to children, 
report  delay in 78% of the cases and with larger  doses 
delay in all. Van Liere and Northup (72) found that  
in young and old the results of atropine were es- 
sentially the same. 

When there is pyloric spasm in infants,  atropine in 
very small doses, 0.065 mgm., preceding a feeding, 
may lead to a relief of the symptoms. Eumydrine  may 
prove even bet ter  (Svensgaard (73), MacKay (74)) .  
As so often happens with drugs, i t  is easier  to reduce 
a hypertonic state than a normal one. The tonus of 
the pyloric sphincter is probably reduced in these 

cases more than tha t  of the rest  of the stomach or its 
movements. 

ON THE SMALL I N T E S T I N E  

The evidence from animals and what l i t t le we have 
of value from man is much more consistent. The small 
gut  shows tonus changes, peris tal t ic  waves which 
certainly par take  of the nature  of local reflexes 
through Auerbach's  plexus and are elicited by stretch- 
ing (Trendelenburg (75)) .  There is l i t t le  spreading 
of the stretch stimulus in the plexus (Henderson 48) ). 
The th i rd  movement is the rhythmic waves or pendu- 
lar  movements and these often show an increase in 
act ivi ty  before a per is ta l t ic  wave. The peris ta l t ic  wave 
is not proceeded aborally by a fall of tonus or decrease 
of the rhythmic waves. These various changes in ac- 
t iv i ty  may give rise to various pat terns  of act ivi ty  
when judged by a balloon method. Atropine even in 
low concentrations (Unger and many others) ,  de- 
creases the tonus and in the intact  dog 0.01 mgm. per 
kg. definitely decreases the tonus of the small intestine, 
but the effect of vagus st imulation on the rhythmic 
movements is unaffected. Quigley, Highstone and Ivy 
(76) showed that  atropine decreased great ly  the rate  
of passage of a bolus through Thiery-Vella loops of 
the jejunum. Gruber, Green, Drayer  and Crawford 
(77), using Thiery-Vella loops of the ileum, found 

tha t  0.5 mgm. of atropine intravenously reduced the 
tonus but  the rhythmic movements appeared to be in- 
creased in some cases; this increase may be due 
simply to the lower tonus and may be seen with low 
concentrations of atropine in the isolated gut, i f  tonus 
is high. 

Kendall and Drossner (78) in five patients ,  using a 
balloon of large size containing 40 cc. under a pressure 
of 10-12 cm. of water,  which in i tself  would be likely 

to cause activity,  found tha t  in the duodenum the high 
tonus and frequent peris tal t ic  waves were reduced by 
0.4-0.6 mgm. of atropine subcutaneously. The peris-  
talsis often appeared more pronounced but this  may 
also be observed in the Trendelenburg gut  because 
the internal  content is g rea te r  when the tonus falls 
slightly. Similar  effects were found in the je junum 
and ileum. The effect on tonus lasted longer than tha t  
on movements. I f  a bar ium meal was also present,  the 
rhythmic movements and the per is ta ls is  persisted,  and 
if the tonus were ini t ial ly high the waves became 
larger  as the tonus fell. Using a bar ium meal alone 
in the duodenum, atropine great ly  decreased the rate  
of passage. This too, would be expected, as a fall of 
tonus in the gut  has the effect tha t  it  must  be stretched 
more before a peris tal t ic  wave arises (Trendelenburg)  
and this wave often fades out sooner (personal) .  

LARGE I N T E S T I N E  

A study of the large intestinal  movements has been 
less often undertaken. The i r regular  changes in the 
caecum and ascending colon, as seen by X-ray exami- 
nation, are probably due to rhythmic haust ra l  move- 
ments. Per is ta l t ic  movements occur infrequently and 
especially under the action of purgat ives,  or dis- 
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tension,  or  the  defeca t ion  reflex, run  for  long dis-  
tances.  Tonus in the  empty  bowel appea r s  to be h igh  
as a rule. 

Combina t ions  of these  changes  occur and give r i se  
to  var ious  p a t t e r n s  well descr ibed  by Temple ton  and 
Lawson (79) and by Ad le r  and Ivy  (80) in dogs and 
by Adler ,  A t k i n s o n  and Ivy  (81) in man.  

As shown by Ad le r  and Ivy, 0.028 and 0.052 mgm. 
per  kg. subcu taneous ly  in dogs produces  a decrease  in 
tonus  and in movements ,  the  d i s ta l  colon be ing  more  
affected than  the  proximal .  The increased  tonus  pro-  
duced by small  doses of morph ine  could be reduced by  
a t ropine ,  bu t  t ha t  produced by l a r g e r  doses was re- 
s i s tan t .  

The ac t i v i t y  of  the  l a rge  gu t  in man  was decreased  
by  1 mgm. of a t rop ine  in the  expe r imen t s  of Gan te r  
and S ta t tmf i l l e r  (82) and Ka tsch  (83) .  

J a c k m a n  and B a r g e n  (84) ,  us ing  a balloon and 
w a t e r  m a n o m e t e r  technique  in man,  have shown t h a t  

0.6 mgm. of  a t rop ine  caused a fal l  of tonus  and de- 
c rease  of movements  in the  colon and L ium (85) has  
shown the same for  the  rectum.  

Atk inson ,  Ad le r  and Ivy  (86) us ing  a two-bal loon 
method in a ser ies  of expe r imen t s  on colostomized dogs 
and pa t ien t s ,  found t ha t  for  a t  leas t  ha l f  of t he  t ime  
the re  is motor  ac t iv i ty  in the  colon; of  th is ,  app rox i -  
ma te ly  10% is propuls ive.  In  the  pa t i en t s ,  0.8 mgm. 
a t rop ine  depressed  the spontaneous  mot i l i t y  and l a r g e r  
doses decreased  both p ropu l s ive  and non-propuls ive  
mot i l i ty .  A t rop ine  was found to an tagon ize  the  hyper -  
t on ic i ty  produced by morph ine ;  0.7 mgm. a t rop ine  was 
given wi th  8 mgm. morph ine  su lpha te  and propuls ive  
mo t i l i t y  was abol ished for  2 hours .  Non-propuls ive  
ac t ion and tonus  were  decreased.  

Very  l i t t le  of  the  work  ou t l ined  in th is  rev iew is 
c lear  cu t ;  the re  is real  need for  the  c lar i f ica t ion of the  
whole p ic tu re  of the  movements  of the  gu t  and t h e i r  
response  to drugs .  
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Newer Concepts in the Treatment of Diabetes Mellitus 
with Protamine Insulin 

By 

EDWARD TOLSTOI, M.D. 
:NEW Y O R K ,  :NEW Y O R K  

O UR experience with p ro tamine  insu l in  in the t reat -  
men t  of diabetes has led us to the adoption of 

cer ta in  concepts, which deviated s t r ik ing ly  f rom the 
long established fundamen ta l s  of diabetic therapy.  
These were tha t  the ur ine  be free f rom sugar  and tha t  
the blood sugar  approach the normal  level. When we 
a t tempted  to t r ea t  our diabet ic  pa t ien ts  wi th  pro- 
t amine  insul in ,  us ing  such cr i te r ia  for sa t i s fac tory  
control, we encountered difficulties which on f u r t he r  
exper imental  and clinical s tudy led us to other  con- 
clusions. I t  is the purpose of this  paper to present  the 
evidence for  our newly adopted point  of view. 

Our  gu id ing  principles in the t r e a tmen t  of diabetes 
mell i tus when us ing  pro tamine  insul in  are :  

1. Maintenance  of weight. 
2. Freedom from all symptoms of d i abe t e s - - t h i r s t ,  

polyuria,  f requency of u r ina t ion ,  hunger ,  weakness, 
fa t igue,  polyphagia,  p ru r i t u s  of the genitals,  (chiefly 
in females) ,  and visual  dis turbances .  

3. Absence of ketone bodies in the u r i n e - - a c e t o n e  
and diacetic acid. 

4. Glycosuria,  we felt was desirable as its presence 
afforded protect ion from reactions.  

On the first three  there is general  agreement .  The 
last, namely  the glycosuria and its unavoidable  con- 
comitant  hyperglycemia,  have been extensively cri t i -  

cized (9) .  
Our observat ions began in 1936 when we commenced 

us ing p ro tamine  insul in  in our  diabetic clinic at the 
New York Hospital.  We selected a group of our 
ambula tory  pa t ien ts  and explained to them tha t  we 

had a new insu l in  which we wished them to use. These 

~ F r o m  the  N e w  York  Hosp i t a l  and  the  D e p a r t m e n t  of Medicine.  
Cornell  U n i v e r s i t y  Medical  College. 

Submi t t ed  Apr i l  9, 1943. 

pat ients  were in te l l igent  and cooperative. Since we 
knew no th ing  of the technique for the use of pro- 
t amine  insu l in  we followed Hagedorn ' s  recommen-  
dation, t ha t  is, the use of regular  insu l in  in the mern -  
ing, and pro tamine  insu l in  at night .  The logic for  this  
technique was sound, as it is well established tha t  the 
moderately severe and severe diabetics have a r i s ing  
blood sugar  du r ing  the n igh t  even if no food is taken 
(18).  

A slowly ac t ing  prepara t ion  appeared ideal, there-  
fore, as i t  tended to counteract  this  noc turna l  hyper-  
glycemia. At tha t  stage of our therapy,  we made every 
effort to adhere to the dicta of a sugar  free u r ine  and 
a normal  blood sugar.  Those were the established and 
convent ional  cr i ter ia .  All agreed. However, when we 
found that  with one daily dose of p ro tamine  insu l in  
our  pa t ients  revealed a glycosuria,  we began to supple- 
ment  the p ro tamine  insu l in  with regu la r  insul in  
hoping in this  fashion to e l iminate  the post p randia l  
glucose loss. We also found ourselves j u g g l i n g  the 
diets so tha t  our pa t ients  ins tead of receiving the i r  
daily d ie tary  intake in the three equal divisions,  were 
given an unequal  d i s t r ibu t ion  of the calories, as recom- 
mended by some workers in the field (17, 28). In ad- 
di t ion we advised the wi thholding at b reakfas t  of 
foods con ta in ing  immediate ly  available sugar,  such as 

f ru i t  juices (29). The results  of all this  maneuve r ing  
were tha t  our pa t ients  were not free f rom sugar  at  all 
t imes, and when we a t tempted to obtain and m a i n t a i n  
a ur ine  free from sugar  our pat ients  developed most  
a l a rming  and prolonged hypoglycemic react ions which 
were extremely subtle in onset. Thus  the pa t ien ts  were 
receiving mult iple  inject ions  of insul in,  they were 
burdened with addi t ional  d ie tary  ins t ruc t ions  and they 


