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The presence of nerve trunks servicing the mammary gland has been established by many researches; fiese
nerves have been shown to originate from the lumbar-sacral section of the spinal cord, and their branches in ©2
gland have been waced {3, 4, 6, 11). Similar studies by P, Dmitievsky {5}, later confirmed by other works,
proved that a mass of effector type nerve eudings are present in the glandular cells of the mammary gland. Pe-
search conducted by M. Mironova (1835) and L. N. Voskresensky (1895) in L.P. Pavlov's laboratory showed first
that lactation depends on the integrity of the nerve trunks and secondly that lactation is changed by sdmuladen
of these nerve wunks, The latest studies of L. 1. Grachev [3] showed the importance of the interoceptive reflexes
to mammary gland actvity.

" However, there are certain known experimental data from which scientists have concluded that humoral
factors, particularly the hypophysial hormones, play the only regulating role in lactadon. The supporters of the
humoral theory of lactation are W. Petersen, F. Goltz, O. Riddle and others. They discount the role of the nervoas
system in the lactaton process,

EXPERIMENTAL METHODS

In this work, we investrigated the effect on lactadon of smulating and inhibiting the auionomic nervous
system by means of pharmacological substances.

The pharmacological method makes it possible to avoid the negative influence of operziive interventios,
which may damage nerves and vessels, and provides conditons {or observation which are maximally proximate
to normal conditions, Changes in the tonicity of the autonomic system may be estimated accerding to the opera-
tion of glands known to be regulated by the central nervous system, for example, the salivary glands, and by tten
comparing these data with the effect on the mammary gland. The substances we used for this puspose were:

1. Pilocarpine and carbocholine (Merck's "Lentin®), as substances stimularing the parasympathetic part of
the autonomic nervous system, especially its secretory fibers, We used the following doses: 1.5-2 ml of 1%
pifocarpine and 0.4-1.5 mlof a 0.19 solution of carbocholine,

2. Atropine, as an agent inhibitng the nervous elements, in a dose of 1-1.5 ml of a 1% solution.

3. Adrenalin, as a stimulator of the sympathetic part of the autonomic nervous system. It was injected in
doses of 1.56-2 ml of a 0.1 solution.

4. Thyroidin, which was fed with bread in a daily dose of 2 grams. The sympathicotrozic action of thy-
roidin was the principal effect we had in mind, and we therefore used. thyroicin in several experiments in com-
bination with adrenalin in order to intensify thyroidin’s effect on the sympathetc division.

_ The experiments were conducted on 7 animals — 5 female goats and 2 cows, After a conuol period, the
substance was injected daily for 4-7 days; a week elapsed between each series of experiments. The injecticns
of the experimental substance were done in the morning. The udder was completely siripped to eliminate ail



accumulated mitk before the Injecton, The subsequent batches of milk were ebtained by careful milking 1 and
2 hours after the Injecton, The changes in the composition of the milk were also studled, which made It possible
to estimate th> effect of the experimental preparation on the corresponding portion of the nervous sytem and also
to ascertain the character of the secretion. For this purpose, we studied the changes in the dry matter content
and in certain of i components — fat, lactose and ash.

To ohserve the effects of the substances and the change in the tonicity of the autonomic nervous system,

fistulas of the parotid gland ducts were induced in 3 goats. This enabled us to calculate the Intensity of saliva
secretion,

EXPERIMENTAL RESULTS

1. The eifect of the substances stimulating the parasympathetic part of the autonomic nervous system —
pilecarpine and carbocholine — on the lactation process was expressed by an increase in the volume secreted the
first hour after the injection, With pilocarpine, this increase was an average of 15% in relation to the contrel
experiments for the first hour after the injecton, and reached 569 in individual cases, With the carbocholine
injection, there wag a greater increase in the milk yield, which consisted of an average of 1457 in relaton to
the conuol experiments the first hour alter the injection, and in individual cases was more than 200%.
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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 5 goats).
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The effect of carbocholine was more lasting; it was still clearly evident {n the second hour when the milk
yleld had increased by 93% In separate animals, with an average increase of 84% in relaton to the conwol experi-
ments, An Increase In the dry matter content of e milk was also characteristic of the effect of these potsons,
especlally of carbocholine: when we computed the absolute drv matter content of the whole milk from the hour's
ylteld, we found that the injectdon of these preparations had fu..eased the gland's production of dry matter both
absolutely and relatively, 1. e, had sumulated the glandular actvity, Thus, with the carbocholine Injecdon, the
amount of dry matter {n the rnilk obtained after an hour consisted of 13.7 g, as compared with 8.7 g in the control
experiments.

Ther=fore, the parasympathicotroplc substances used also affected the secretory actvity of the gland, This
was #lso Indicated by some change In the fat content of the milk. Although the usual dynamics of fat content
cnanges (increase in fat content with repeated milking) were maintained, in separate animals during the exper-
mental perlod the carbocholine injector caused the amount of fat in the milk to Increase by 0.7-27; the fat
content was sumetimes as high as 10%. On the average of all the experimental goats, however, no substantial
Increase in the fat content of the milk was observed duririg the first 2 hours, although the morning milk was
fatter by 0.9 during the period of the carbocholine 'njection, Consequently, in this respect the effect of carbo-
choline was rather lasting, The sugar and ash con’:nt did not change; the protein content (see Figure} possibly
increased,

Carbocholine also caused saliva secriion to be almost doubled, Thus, the normal szliva secretion for a
3-minute perfod belng 3-5 drops of :2)¥.4; 16 drops were secreted dwring the same 3-minate period 24 minutes
after the Injection. These data confirm the effective .+ s of the polson dose, establish the increased tonicity of
the parasympathetic section of the nervous rystern :, 2 whole and also show that this substance affects both glands
in the same way,

in the control | After the ano- | % in relation w
experiments pine injectdon | the control exp,
Average morning milk yield 490 441 91.3
Milk yield for the first hour 59.8 32 - 53,5
Milk yield for the second hour 43 23 54.2
Daily yield 1147.6 1095 95.5

From our observatons of salivary gland operaton, we could establish the very important fact of the reflex
interacticn between the mammary and salivary glands, We found that either milking or udder massage alone
caused saliva secretlon to increase from 1-2 drops 10 3-7 drorzs in 2 3-minute period, The carbocholine in}ection,
which raised the tonicity of the parasympathetic elements of the nervous system, sharply intensified this reflex
reaction of the salivary glands, so much so that, during milking, the saliva was secreted in a continuous stream,

in the control After the atropine
experiments injection
Average milk yield from the 5
goats ' 5.1 4.3
Average milk yield for the first
hour 7.3 6.9
Average milk yield for the
second hour 6.7 3.9

2. Awopine had an effect opposite from and miore strongly and clearly expressed than that of carbocholine
and pilocarpine, Atropinization of the animals caused a sharp reduction of lactation both the Ist and 2nd hours;
the amount of lactation was 47-85% in reladon two the control experiments,
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Awopine’s cffect on the size of the milk yreld (inmitliinetersy is shown in the averages taken from the

five goan,

The wnhititory effect of arropine on secretion lasted a long time, causing the day’s milk yldd 10 decrease
by S0-30%, The morning milk yield on the day after the drug injection was alio reduced.

The fat contwnt of the milkwas characierized by the following data (In percent),

The decreazed percentage of fatin the milk of the moring vield was evidently the result of the action
of the awopine on the preceding day.

Amopine’s effect on the salivary gland was typical and reduced not only the "spoutareous® saliva secretion,
hut also the reflex saliva secretion eifected by niilking, Before the awopine injection, the goats secreted 4-5
drops of saliva every 3 minutes, Fifteen minutes after the awopine injection, no saliva drops were secreted, and
1-2 grops of saliva appeared dwing milking, although there was no milk. An hour alter the atroplne injection,
milking procuced 15 ml of milk, and 2-3 drops of saliva were secreted in 3 mirutes; there was no saliva 2 hours
alter the awopine injection, but 5-7 drops of saliva were secreted Juring a 3-minute period during milking,
which produced 20 g of milk,

Therefore, there is a similarity between the activities of the mammary and salivary glands, which indi-
cates the proximuty of their regulator mechanisms,

3. The effect of the sympathicouopic substances was manifested as follows, The adrenalin injecton
caused the secredon volume 10 increase. considerably both for the fizst 2 hours and for the whole day: there was
an increase of 88% in the yield of the first hour and of 26-369- in the 24 hour milk yield, although the effect

aorenahn is usually short-lived and the adrenalin itself quickly disintegrates, It is possible that the nervous
systemn stimulation caused by the adrenalin lasted ccnsiderably longer than the adrenalin itself, Thus, in the
xpemnem on goats, adrenalin affected the volurne of milk (in miililiters) as follows,

in the conyol | After the adren- {7 in relation

experiments alin imjection 1o the control
. experiments
Average morning yield 489 s28 107.7
Yield for the first hour 59.8 1:11.2 186
Yield for the second hour 43 53.8 139
24-hour milk yield 1147 1428 126

sail more characteristic was the consi
shown by the following data {in percen),

lerable increase in the dry matter content of the milk, which is

1n the conunl After the adren-
experiments alin injection
Iz the mor ning yield 13.18 13.20
In the yield for the first hour 145 16.3
In the yield for the second hour 140 15,27

Of the dry matter composients studied, only the amount of fat and, to a lesser degree, the amount of ash
changed the sugar content remained the same. Since the increase in the dry matter seemed more than the
increase of the fat, sugar and ash, one can propose that the protein content also increased rather considerably,
Therefore, the sympathicotopic subsiances obvioasly affect the intensity of the synthesizing processes in the
zland, i. e., milk secretion,



Increase of Dry Matter Conitent of the Milk in Grams

In the contol

after the adren-

1 in relatlon to

experiments alin injection {control experiments
® second * 8.67 18.15 209
* second hour 6.02 9.13 151

The thyroldin feeding caused an Increase in both the hourly and daily milk yleld. This indicates that
thyreidin, which ralses the metabolism of the bedy, at the same time intensifies the excitability of the nervous
system.  The use of thyroldin combined with adrenalin led to the further increase of secretion volume or o
streiaton caused by this combinaton of substances if they had had no effect individually,

Control __ After injection of
. - thyroidin +
Tndices t::gz thyreidin | adrenalin . ;drenalin _

Percentage of dry matter {average]} : ,

in miik of morning yield 148 16.6 18.4 14.2
Average yisld foraday(in mi) 1860 2264 1851 2020
Morning yield, ml 7523 980 &10 777
Yield for first hour, mi 186 175 143 200
Yield for second hour, mi - T3 o5 5% 130
24-hour yield, in % of control :

experiments » Ly 122 i3] 109
Yield for first hour in %5 of

control experiments 00 a4 i 76.8 103,92
Loss of dry matter, g;

a) inthe firsthour mitk yicid 39 7 21 0 98.0 0.0

b) inthe secondhour mitk yicld n.e 16.7 HEIEN 10.8

¢) total, without "a”and "7 RISLIN 32T 223.6 2218
Total in £4 bouss, 4 : K20 B Y PAN ; 23375 2730
Total in 24 hours (in % of '

control experiments) e 4z Pl 1

The table gives data concerning the changes in the amount of milk yield and in the dry inatter coatent of
the goat milk after the injectien of the sympathicotropic substances. Evidently, the metabolism intensificaton
caused by thyroidin is conducive to the rranifestation of the effect of the adrenalin,

The experiments with atropine and carbocholine were repeated on the two cows, with results similar to
those obtained in the experiments on the goat, '

in the first place, the material obtained amends data concerned with the effect of autonomouopic sub-
stances on the lactation process which are quoted In certain abstracts (in D, Espe [8), for example). In the second
place, the material obtained shows that, in principle, the cutonomotropic substances have the same effect on the
mammary gland as on other glands in which rervous regulation of secretion is irrefutably established. This
similarlty of effect evidently ingicates that the regulator mechanisms directing the activity 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 cenual nervous system, but alo the actual secretion of milk.

The sharp changes in lactation caused by awopine refute the opinion expressed by American scientists that
the hypophysial hormones play the leading role in the secreton and discharge of milk. These authors established
that aropine cannot neutralize the effect of oxytocin and piwessin (V. Petersen (9]). An experiment blocking the
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centzal nervous system by aleohol ancsthesia was coducted on 2 goats, Milk was not secreted for 3 hours. As
the effect of the anesthesia began to wear off, the manunary gland began to function,

is study econfinms the possibility of direct nervous system influence on mammary gland acdvity and also
the reflex effect of mammary gland stimulation on other organs, which facts help to strengthen and develop
L P. Pavlov's theorles of neurisin in a region where they have heretoflore been criticized,

SUMMARY

The influcnce of changes in the condition of the nervous system due to the effect of autonomic agents
{ptlocarpine, carbocholine, atopine and adrenalin) and thyroidin on the secretlon and content of mitk in goats
and cows was investigated. The above research was carried out tog ther with the study of the secretion of salivary
glands, as well as of the toae 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-
lished by this work that the introduction of pilocarpine and carbocholine into the organism, as well as of the

sympathicotropic substances — adrenalln and thyrofdin — causes increased secretion and the change of content of
milk. Increased quantty of dry residue tn milk Is the result of increased synthetic activity of the cells cf the
mammary gland under the Influence of exclitation of the nervous systemn by the above substances. Block of the
parasymphathetic nerve endings by awopine causes pronounced decrease of milk secredon, However, it Is not
completely arrested, The process of milking and massage of the udder causes excitation of the central nervous
systern resulting In reflex increase of sallvary secretion, The mammary gland recelves Impulses which appear
due to stmulating effect of milking, sucking and massage, Nervous and nervous humoral mechanisms take part
in {t undes the control of the cenwal nervous system.
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