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The presence of nerve trunks servicing the mammary gland has been e.~blished by m a : y  researches; ~ 
nerve~ have been shown to originate from the lumbar-sacral section of the ~pir~al cord, and ~e~r branches in ~.~_ 
gland have been traced [3, 4, 6, 11]. Similar stud.ies by P. Dmitrievsky [5]. la~er confirmed by o~er  work~. 
proved that a n~a~5 of effector type nerve ei~dings are present in the glandalar cells of the mammary gland. E~e- 
~earch conducted by M. Mlronova (1~95) and L. N. Voskresensky (1895) in I.P. Pavlov% lab~ra:o.~f showed fk~t 
that lactation depends oa the integrity of bhe nerve trunks and secondly that lactation is changed by stimularlc~ 
of the~ nerve trunks. The latest ~tud~e~ of I. I. Grachev [3] showed the importance of the in~ereceptive reP~e~ 
to mammary gland activity. 

However, there are certain L~own experimental data from which scientists have conclL~ed that humoral 
factors, particularly the hypophy~i~l h~rmones, play the only regulating role ~n l~ctation. T~e supporters of E-~ 
humoral theory of lactation are W. Peter.~en, F. Goltz, O. Riddle and others. The). discoLm:t ~e  rote of the .mer~c,~ 
system in the lactation process. 

EXPERIMENTAL M E T H O D S  

In this ~Qrk, we investigated the effect on lactation of stimulating and inhibiting the a~c, nomic n e r ~  
system by means of pharmacological substances. 

The pharmacological menhod makes tt possible to avoid the negative ~nfl~ence of operative intetvend~:~, 
~,~hich may damage ne?ve3 and vessels, and provides conditions for observation ~hieh are ma.~s proxima'~ 
to normal conditions. Changes in the ~nici ty  of the autonomic system may be estimated according to the c~re~-a- 
tion of glands l~nown to be regulated by the central nervous system, for example, the saliva.-/- glands, and by 
comparing these data wi~h the effect on ~ e  mammary gland. The substances we used for r.b~i~ purk-.ose were: 

1. Pilocarpine ~nd carbocholine (Merck's "Lentin'), as substances stimulating the para~),'n~.?aCnetic part c~f 
the autonomic nervous system, e~pecially its secretory fibers. We used the following do_~es: 1.6o2 ml of 1~ 
pi|ocarptne and 0.4-1.5 ml of a 0.1% ~o]ution of carbocholine. 

2. Atropine, as an agent inhibi~ng the nervous elements, in a dose of 1-1.5 ml of a 1~ solutiort. 

3. Adrenalin, as a stimulator of uhe sympathetic part of the autonomic r~ervous system. It was injec~d L-~ 

do~es of 1.5-E mt of a 0.1% solution. 

4. Thyrotdin, which was fed with bread in a daily dose of 2 grams. The ~..mpathicotro~ic action of ~rlr- 
roidin was the principal effect we had in mind, and we therefore used thyroidin in several experiments in c~rn- 
binat~on with adrenalin in order to inter~ify thyroidln's effect on the sympathetic division. 

The experiments were conducted on 7 animals - 5 female goats and 2 COWS. After a c~n~rol period, r&,e 
substance was injected daily for 4-7 days; a week elapsed between each series of experiments. The inject~ova 
of the experimental substance were done in the morning. The udder was completely stripped ~o eliminate aii  



accumulated milk before the Injection. The subsequent batches of milk were obtained by careful milking 1 and 
2 hour, after the ln)ecdon, The changes in the composition of t2qe mtlk were also studied, which made It possible 
to estimate the" effect  of the experimental  preparation on the corresponding portion of the nervous sytem and also 
to a,cettaln the character of the secretion. For thls purpose, we studied the changes in the dr), mat ter  content 
and in  certain of it, componen t s -  faL lactose and ash. 

To observe the effects of the substances and the change in the tonicity o f  the autonomic nervous system, 
ftstu!a~ of the pamtid gland ducts were induced i n 3  goats. This enabled us to calculate the Intensity of~allva 
secretion. 

E X P E R I M E N T A L  R E S U L T S  

1. The effect of the substances stimulating the parasympathetic part of the autouomlc nervous system - 
pilecarpine and car~,~choline - on the lactation process was expressed by an increase in the volume secreted the 
first hour after ~,e injection. With pilocarpine, this increase was an average of 15% in relation to the control 
expert1,~enu for the first hour after the injection, and reached ,SG~ in indIvid,~l cases. With ~ e  carbocholine 
inject!on, ",here waf a greater increase in the milk yield, which consisted of an average of 145~,o in relation to 
the control experiments ~ e  first hour after the injection, and in individual cases was more than 9,0~o. 
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The effect  of carbocholine on change in milk composition and on the Intensity 
of the synthesizing work of the gland (average from h goats). 
I) dry matter;  H) percentage of fat in milk;  III) lactose; IV) yield of dry matter  
in g per hour; 1) earbochollne; 2) control; shaded c o l u m n -  carbocholine; white 
c o l u m n -  control. 
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The effect of carbochollne was more la.,dT~g; it was still clearly evident In the .~econd hou~ when ff~e milk 
yield had Increased by 93% in separate animals, with an average increase of 64% in relation to the e:ontrol expeil- 
menu.  An Increase in the dry matter content of '~he milk was aho  characteristic of the effect of the.~e poi;on~, 
e,peclal ly of carbochollne, when we computed ~ e  absolute dry matter c6ntent of the whole milk from the hour*s 
yield, we found that the injection of these prepara'dons had lt,,.,ea~ed the gland's production of dry matter both 
absolutely and relatively, t. e. had stimulated the glandular activity. Thu~, with ~ e  ca~bochottne in ject ion,  the 

amount of dry matter In the milk obtained after an hour consisted of 1.'/.7 g, a~ compared with 8.7 g in the control 
experlmenu. 

Therefore, the parasympathlcotroptc subs~nces used also affected the secretory activity of ~e  gland. Thil 
was vho !.n6icated by some. change In t~e fat content of the milk. Al~ough the usual dynamic.~ of fat content 
c?,a,nges (Increase in fat content with repeated rail:ring) were maintained, in separate animals during the e• 
mental  period the carbochollne Injection caused t~e amount of fat In the milk to tncreave bY 0.7-2~,; the fat 
content was vometlmes as high as 10"q~. On the a';erag.e of all the experimental goats, however, no sub.:tantlal 
Increase tn the fat content of the milk wa~ observed during the first 2 hours, although the morning milk was 
fatter by 0.9% during the period of.r~e carbochoIir.e !njecdon, Con.~eqtJently, in ",his respect the effect  of carbo- 
choline was rather lasting. The sugar and ash eo.'v_-nt did not change: the protein con~ent (see Figure)pos.sibly 
increased. 

Carbochollne al~o caused saliva sec~,.~t~3n to be almost doubled. "ihus, the normal z~llva secretion for a 
3-minute period being 3-5 drops of .'a) ~ .,,; 10 dro2s were secreted d~ing the same 3-minute period 24 mfnute~ 
after the Injection. These data confirrr, the effec~vc."_~s of the polwn dose, establish t~e iiacrea_~ed tonicity of 
r~e parasympathetic secden of the nervou~ :vs tem ~ a whole and aho show tfiat this sub.~tance affect~ bor~ glands 
tn the same way. 

bh e control 
r imenu 

i Average morning milk yield 490 
Milk yield for the first hour [ 59.8 
Milk yield for the ~cond hour[ 43 
Daily yield [ 1147.6 

After the atzo- 
plne injection 

44'/ 
32 
23 

1095 

qo in re.lat]on to' 
the control exp. 

91.3 
53.5 
54.2 
95.5 

From our ob~rvadons of salivary gland opera ,on,  we could e~tablish the Very important fact of ~ e  reflex 
interaction between the mammary  and salivary glands. We fot~nd that either milking or udder ma~-age alone 
caused saliva secretion to increase from 1-2 drops to 3-7 drops in a 3-mlnute period. The carbochollne injection, 
which raised the tonicity of the parasympathetic elements of the nervous system, ~harply intensified ~,is reflex 
reaction of the salivary glands, so much .~0 that, du.@'lg milking, the saliva was secreted in a continuous stream. 

Average milk yield from the 5 
goats 

Average milk yield for the first 
hour 

Average milk yield for the 
second hour 

in the control 
experiments 

5.1 

7.3 

6.7 

After the atropine 
injection 

4.3 

8.9 

5.9 

2. Atropine had an .effect opposite from and more strongly and clearly expressed than that of carbocholine 
and pilocarplne. Atropinization of the animals cau_~ed a sharp reduction of lac~t ion both the 1st and 2nd hours; 
the amount  of lactation was 47=85% in relation to fine control experiments. 

1309 



A~opt~e's el{cot on the qzc  ol the u'ilk yichi (in mi l i i tnc te~)  is shown in fl~e average's taken from ".he 
f i , ,  e g o a t , .  

The m h i b ~ y  effect  of atropine on ~creti~.m lasted a long time, causing the day's milk yield to decrea.~e 
by '20-3~% The ,,turning milk yield on the day after the drug injection was also reduced. 

The fat comcnt  of the milk Wa~ characterized by the following data (in percent). 

1-he decreased percentage of fat in the milk of the morning )field was evidently the result of the action 
of the a~ropine on the p reced i ,g  day. 

A~opine'~ effect  on the ~alivary gland was typical and md~ced not only the "%pontaryeous* saliva .~ecretion, 
b'.:t also the- reflex saliva secretiou effeeted by ,~il,Mng. Before the a~opine injection, the goats secreted -~-5 
,~:eps of ~ l i~a  e~ery 3 minutes. Fifteen m~nutes after the atropine injection, no saliva drop.< were secreted, and 
! -2  drops of saliva appeared during milking, although there wa~ no milk. An hour after the atropine injec~Ica, 
milking produced 15 ml of milk,  and 2-3 drops of saliva we}e secre',ed in 3 miputes; there was no .~aliva 2 hour~ 
a~ter the a~opine injection, but 5-7 drops o~ saliva were secreted d~ing  a 3-minute  period during milking, 
which produced 30 g of milk. 

Therefore, ~here ~s a similarity between t~he activit ies of ~ e  m.amma~y and .*alivary glands, which indi- 
cates the proxinury of their regulator mechanisms, 

3. The effect  of the sympathicotroplc substances was ma~A,~e_~ted as follows. The adrenalin injection 
caused the secretion volume to inc.'ease, c0nsiderabiy both for the first 2 hours and for the whole day: there wa~ 
an increa_<e of 86-'7a in the yield of t~he first horn- and of 26-36~. in fiz.e 24-hour milk yield, although the e~fect 
of adrenalin i~ usually short-lived and ~ e  adrenalin itself quickly dLsintegrate~. I t  is r.,ossible that the r ~ v ( ~  
sys,'.em stimulafion caused by the adrenalin lasted c:c~nsiderably lcv~ger than the adrenalin itself. Thu~ in fine 
experiments cn goat~, adrenalin affected the volume of milk (in ~dtliliter.~) as foltow~. 

Average morning yield 
Yield for the ~irst hour 
Yield for the secon~d hour 
24-hour milk yield 

In uEe control 
experiments 

490 
59.8 
43 

114"/ 

After the adren- 
alin in~c t ion  

5:2-:8 
! i i .2  
59.8 

I446 

'~ in relation 
to hhe control 
experimemx 

107.7 
186 
139 
126 

Still more characteristic was the considerabIe increase in uhe dw mat ter  content  of the milk,  which is 
.~,5own by ~ e  following data (in percent).  

In ".he com~zol After the adren-  
experiments alin injection 

In the mot n hag yield 13.18 [ 13.20 
tn b e  yield for the ,first bout 14.5 [ 16.3 
Ln the yield for the second hour 14.0 15.27 

Of rite dry matter  components studied, only t~e amount of i'at and, m a le.~ser degree, the amotmt of ash 
changed; tlne sugar content  remained the same. Since the increa.~e in the dry matter  seemed more than ~ e  
inc rea~  of the fat. sugar and ash. one can p ropo~  ~fiat the protekn content  also increased rather considerabIy. 
Therefore, the sympathico~ropic substances obviously affect  the in,emsity of the synthesizing proces~s in tim 
gland, i. e . ,  milk ~cre t ion .  
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Increase of Dry Matter Coo:tent of the Milk in Gramt 

second ~ 
~ second hour 

In the control 
expertmenB 

8.67 
6.02 

after the adren- 
alin injection 

18.15 
9 . 1 3  

% In r e l a t i o n  to 

control experiments 

209 
151 

The thyroldln feeding caused an Inerea_~e in both the hourly and daily milk yield. "ibis indicates that 
th)~oidln, which raises r_he metabolim~ of rke body, at the ~ m e  time intensifies the exci tabi l i ty  of the nervous 
~y~tem. The use of thyroIdin combined w i ~  adrenalin led to the further increase of secretion volume or to 

, d e  v , -gon  caused by this combination of subst2nces if they had bad no effect  Individually. 

Indices 

Percentage of dry matter  (average) 
in milk of  n:orning yield 

Average )a,e td for a day( in  ~ )  
MorvAng )~eId. ml 
Yield for first hour,  ml 
Yield for ~econd hour. ml  
24-hour ) ie ld ,  in % of coaz~ol 

experiments 
Yield for first hour in {~ of  

control exper imen~ 
Lo~ of dr)" mat ter ,  g; 

a) in the fir~thour milk ) ;o ld  
b) ~ ~ second hour mi tk){e ld  
c) total ,  wE ~hou t "a" and "5" 

Tota l  in 2~ l:ours, g 
Total  in 24 hours (in "I~ of  

control experiments)  

Control After injection of 

exper i -  
ments thyroidin adrenallp_ 

14.I 
18to 
752.3 
IgG 

! t , t i  

3 2 3  
l l l . f ,  

2 i t i  1 

2 i : '2 - "  

l l : ~  l 

16.6 18.4 
2"2_64 1851 
~.L~O 810 
175 1 -I 
%5 51 

12'2_ .q9 

.r ! 76.a 

31 0 28.(! 
lG 7 10.~ 

321.7 238. G 
37" :~ 277.5 

t-t2 .~ !,31; 

t 

thyroidin i- 
+ adrenalin 

14 .2  
2020 

777 

130 

109 

103.~ 

30.9 
19.8 

22! .8 
273 9 

!hi 

"i2:e table gives data concerning the cEanges In the amount  of milk yield and in the dry mat ter  coamnt  of 
the goat  milk after the inject ion of the sy~pa~ ico t rop i c  substances. Evidently, the metabolism inten_dflcation 
cau_~ed by thyroidtn is conducive to the ~a~ffestat ion of fi~.e e f fec t  of the adrenalin. 

The experiments wihh atropine and cark~choline were repeated on ~ e  two cow,, with re.~ults similar to 

those obtained in the experhn:ents on the goa~x. 

in t_he first place,  the mater ia l  obtained amends data concerned with the e f fec t  of autonomotroplc sub- 
stances on uhe lactat ion proce~ which are quoted In certain abstxacts (in D. EsFe [8]. for example) .  In the second 
place,  d~e mater ia l  obtained shows that. in principle, the autonomotropic substances have the .came effect  on the 
m a m m a r y  gland as on other glands in which nervous regulafic_.n of secretion is irrefutably established. This 
s imilar i ty  of e f fec t  ev idenqy  indicates that fine regulator mechanisms directing the act ivi ty  of these glands are 
similar, and leads to the conclusion that not only the udder blood-supplying and milk  discharge processes are 
regulated by the central  nez~'ous system, but  also the actual  ~c re t ion  of milk.  

The sharp changes in lactat ion caused by atropine refute the opinion expressed by American scientists that 
~ e  hypophzsjal hormones piny the leading role in the secretion and discharge of milk.  These authors estabLished 
that a~opine cannot neutral ize the effect  of oxytoctn and pitressin (V. Petersen [9]). An exper iment  blocking the 

1311 



central ner~x~us system by alcohol ancsthcsia was co~lduetcd on 2 goats. Milk was not secreted for 3 hours. A! 
the e~lect of the anesthesia b~..gau to wear off. the matnmary gland began to function. 

This study confirms the possib,lity of direct nervous system influence on mammary gland activity and also 
the reflex effect of mamn,ary gland stimulation on other orgaus, which facts help to s~'engtbcn and develop 
I. P. Parlor's theories of neurism iu a region where '2~ey have heretofore been criticized. 

SUMMARY 

The influence of changes in the condition of the nervous system due to the effect of autonomic agenu 
(ptlocarpine, carbochollne, atropine and adrenalin) and thyroldln on the secretion and content of milk in goats 
a~,d cows wa~ investigated. The above research was carried out tog_.thet wlhh the study o~ the secretion of salivary 
glands, as ~.ell as of the to~e of the autonomic part of the central nervous system. This gave the opportunity for 
better understanding of the relationship between the organism as a whole and the mammary gland. It was estab- 
l l~ed by t.his work that the Introduction of pltocarplne and carbochollne into the organism, a.- well as of the 
~ympadflcotroplc substances - adrenalin and thyroldin - causes Increased secretion and the change of content of 
milk. Increased quantity of dry residue tn milk Is the result of Increased synthetic activity of the cells of the 
mammary gland under ~e Influence of excitation of the nervous system by the above substances. Block of the 
paras).'mph~thetlc nerve endings by atropine causes pronounced decrease of mlik secretion. However. It Is not 
comp!etely atre~ed. The process of milking and massage of the udder cames excitation of the centxal nervous 
system resulting in reflex i.-.crease of salivary, secretion. The mammary gland receives ImPulses which appear 
due t~ stimulating effect of milking, sucking and massage. Nervous and nervous httmoral mechanisms take part 
in It undez the control of the cenual nervous system. 
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