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IKTIWD("('TJOS. 

I:K a pteYious urtic.:le (Xo . IY) appearing under this series, a 
Llescription \\·as g.iYen of I he tech n iq He which was followed in stu<lyiug 
nuiuus aspeds of ruminant <lig-esl ion. As far a~ the moiility of t iH• 
rulllell '"as eonrerned, n<·unate records of this c-ould bt> obtained from 
,;heep "·ith dosed rum.iual fistulae . By a direc-t eounexiou of t he 
registering- apparnlu~ (ta tnbonr aJHl \\·ater manometer) to the n rm inal 
fistula an<l "·ithou t the u ,;r of n balloon in the rumen, all pressure 
ehanges in this organ {:ould he recorded in detail. 

According to rec-en t work eonductC>d by lir:-:ywn rH>k and (~ua ~t 
on sheep ''"i t h runrinal fif<tu laP, cont ra ctions of the rulllen are ehnrat·
terised by a series of rh:dh n1icnll.\· ocrurring- phase's in t>:wh of which 
one huge conhadwn prer·ede~ bYo s maller ones. ~loleOYf'r, it was 
;::hO\Yll that a doRr relationship ex i st~ l><·hn•en the nr m e11 and ilH' 
abonwsum as far as their motilily was conceruerl, t·oJJtraclion in tilt' 
la.ttf>r usually following- on t hat in rhe fo rmer. \Vester. in his Parlier 
" ·ork on t he forestomac::hs of rurninants, also establiRhed thE' JHPSPtlce 
of a relationship bel "·een the rhyt bm ic moYernen ts of d iffPr ent purl,.; 
of the foreslomachs. 

::\[:r ngoltl and Klein, ;~ rid nbo C'r.t>pn and St~·g-)Pr, 011 the other 
hand , were not able to <lemon:-draif' any definite an<l Rigu ificnnt typf' 
uf r hyth m for the for·eslorn nch s of ruminants. 

DtH' to tlw fact, therefore, Lhnt the charaderistic fentures 1n 
ruminal mot.ilit:y are as yet not f ully apprecia ted, it wn,; dl'eirled lo 
un<lf>rtake a ser·ies of exper.inwnts on fistnla sheE>p with the object of 
gaining more k!IO\Yle<lgC' in respef·t of this Yery importn nt aspect of 
nrmina 1 physiology. 
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STt.;JHES ON ALDLBJ\T.HtY THACT OJ' .\.H:II!:"\0 ~HEEl'. 

l•'or the sake of r-onvenienet• it is proposed tu di:lc-u:-s the Yariou,; 
experiments <·On<·erned \Yith nttniual urotilit.'· under the following 
suh-diYision,; : -

(a) The nonnal motility of the nuuen. 
(&) 'l'he influenc-e of food and water (or their nhsence) . 
(c) The €'fft><:t of min!'ral salts. 
(d) 'l'he eitN·t of drugs arHl poisoHs. 

(o) 1'lll·: XoJt1J.U. )(OTIJ.ITY or: TilE J!nn::s. 

Of thP various <ISJH•d,; of ruminal fnrH.:tinn, that cmwernetl with 
the mon:•Hrenfs of the foresloHnl!'hi< is of primary s ignifi<·nnce seeing· 
tlwl the normal proee,;::; of food fermentation, i11duding· lhe control 
of the pll and the l'r tJdation of g-as, is intima lt>ly as,Hwiated "·ith il. 
Moreo\·er, as will bt> shown prest>11lly, tht> runren i,; extreme!:-;· 
stJseeptibl €' to a \>id<• Y:Hiety of factors, eud1 nf which may iuflueuct> 
thf' mot ilit.'· in a spe<·ific maunrr m1d he11e·<· abo thP clu•mi<·nl change~ 
oc<'urring " ·ithin this org-an. 

In studying the <"hataderi-;ti<· fentur·e;; of lnrg-P number;; of 
kymographic l f'Cnnls ohtainl:'tl from thf' rnmf'n of dinieally l1ealth~· 
and well nonrishe,l ~IPrinn sheep. it is found that the well-known 
rh~·thmic cout rndions mn~· h·orn time to time underg-o ,.;ignificant 
c-hang-r,.; iu sp it€' of thl' nn imal haYing hef'n kept under coHstnnt 
eon rlitiouB . 

• \ s a rult' it 111ay be ar<"l'pted t hal for :llerino shel'p f> to 7 
rnminnl eontradions pf'r !1-miuulr perio<l r·on;;titulr~ the aYerage 
r;rte when rec·or ded during the morning a n<l be fori' feeding. 

'l' he force nu<l magnituclf' of the ('out rndions Jl!ay, howl:'\' f'r, Yary 
<·ousic!Hahl~· from day to dn~·. nlthough on nn <~Yeragt' fluetuation" 
hetwt>f'll JW€'ssur€'s of - 10 mnL 11 ,0 cluring- quieseenet• and + 70 Jlllll. 

ll20 pressu rf' a1 lh<:; ht·ig-h1 of rumina! •·ontmdinu are comntonly 
€'nrour.tered. A negnli\·1:' pr<:>s~urt' "·ithin the rumen. OITurring 
hrhn•c•n tht· pt'riocls of c·oni nrctioa, is an inter€'sting- fpatun .. and on€' 
c-nnstan U~· ohwnP<l in the majority of s hPrp. U snn ll.\· it rn uges 
horn - i) mn1. lo - 20 mm. li20 pre~~UrP. In a minorit.'· of animals, 
lwwen'r. the pressure ran:ol~· falls h Plow the zrro lt>vel. 

\Yith tt>ganl to the· rhythnt of the mOY('lllf'ttls, n 1·nnsidernhlf' 
dcgrre of ,·arint ion ma.v he re>ea le<l. 'l'h us it ma.\· d1angl' from au 
PY<•nl.v sp:H·ecl rhyth111 in " ·hid1 ;lll tl1P conlr:wtions a re of approxi
ntnfel.l' I hi' same mtrgnitucle to nne in wlrirh hot h rate and si;r,e of 
IHOYPI!lents !Jerome irrt>g·lllnr. At times, howev<:>r, th€' rhythm 
desc-1 ilw<l h)T 1\:r;r,~·,vanek ancl Quast 111ay ])(' ns;;ulllf'd, although as a 
ntle o11l.r for lJJ·ipf prriods during· which n large mo,·ement i::; followt>1l 
hy two smallr r <·ontr:wt io11s, I hf' fin;t of which tnkt>s plnrf' Roon 
after the latg-t· rno\·Pntf'nt. 

With rq;nr<l lo the efteC't ot rumination ibelf on the nrm·en1en ts, 
tlw findings of Kr;r,ywanek and Qunsl conlcl he confit·ntell. in whif·h 
it wns sl1o\\·11 that rf'gm·gitation of the fond ma,.,~ into the mouth 
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inYnriabl~· precedes a (·ontrnction of the l'UIIIen becJIIt'lltl~· ouly by a 
seconrl. S imilarly it c·ould bl:' establis hed that eonlractiou of t h e 
abo111asum was dosely related with. that ll('tlllTing- in tlw rutlleu, the 
abomasum as a rule s howing three waves of c·olltradioll i nnut>cliately 
aHt>r that of the l'lllllf' ll . 

l•;rudation of goa!; fmm lite mouth usually c·oiuc·ide,; with ;1 

strong llllllinal contnu·tion, t he {reCJuency of enttlution de1Jt>11ding 
upon fel llH'JllalioJJ adiYity within the J'\llllt>u. 

Apart from th e al'lunl eont ra dion,; J'en·akd , no significant 
cle\·iutil)ll i n tl1e g-ent>ral tontL~ of the rumina! mH~c·uLdure j.; notic·e
nllle in nnimals kept under constant roncli tions. 

l~xternal ,.;(imuli RtH· h a.~ re}wated pin wick" into tbt> ~]; in O\·er 
the gllttenl region o1· eYeu fnirly intense f.uaclic .~ti ntulation of the 
skiu, proYoked no siguifieant efft>d on rmniual rnowment. 'l'he sight 
of n 1log may nr·celt>tnt~ nuninal mcl\·emeni considernbly, an effect 
whi!·h, holl·e,·er, Yarif';; 11·ith indiYiclual animals. 

( !J) T l n: J ;o.;F I.I 'E~CE OF Foon .\:'\J) \Y.\TEI! (),'." u~·)IJX.\L }JOTll.ITY. 

DHe to tht> g-eueral signifil"a JJc·t• of ruu1innl fun<·tion in nutrition, 
considPrabll• attention has heeu dPYoted in th i1' studY to the possibl e 
relationship existing lwl\n•en tht> diet aJI(l thP motilit.\· of the fo re
stontal·hs. In onler to in,·e;digah• this mattPI', the (H'O!"l'clur e adopted 
tlnoug-hout was to n•c·orcl rullliual moYements firstl~· before feecling, 
t lH•n during ac·tua l f('rcling nucl finally at different periotls after 
feeding hacl ht•cu ~topJ>l'cl. Ju all tlw tH·c·ompa u ~·iug g-raphs, these 
verimls art> clt'IIOted h.\' arrows, wh il"h al'f ually iudi!·ate the point nt 
whic·l• the I'Oiu litiou" II"NP dwll:.n·d. !-'rom an nnalysi~ of m<~ny 
gruphs olJtained in this way, it may be stated thnt in en·r.\· animal 
u~erl in t h e exprriment r umina! nwtiliiy \\"US significantly nc('ele
ntlt•cl { J om tlw moment that fpc><li ng \\'as c·mnmelll"t>Cl until it \\"H:i 

"top peel ag-n i 11, t he a n•mge innease rangiug- hom a tJonna l S moYe
men(:.; JWl':) nti11utes before ft>ecliug to 20-2.) moYemellt-; per i1 minutes 
during ft•eding, i .e., appruximntely n threefold im· Jensf' in the rnie 
of t'Oll('l'ntrntiou (see grnph No. I ). Tltat. this ar-<·<•le ration is i nti
mate!~· assoc·inlt>cl with ma:<tindion and deglutition and not with the 
innea,;ed s tale of fill i ng- of the l'll llH.'ll i" clearly eYi1lent f rc>nt t h e 
:·mhseq ue nt rapid retardnliou us soon as feedi ng i;; stopprd again (see 
gT<~ph 1\o. 1). Thus ii is frt><pwntls fou n d that within .10-15 111 inut es 
afte1 fet-ding the r ate of c·oHtradion has returuecl t o th e normal 8 
pPr .-, minutes, alt ho ug·h the in diYic1ual eontrndinns nw:-;· sti ll be 
larg-rr than hefm·e fe~>d i ng . ] n spit e of t hf' fal't that the mown•ents 
a1e mHc·h UITPlNated during feeding·, tlten• i,;, ho\\'I:'Yel·, 11 0 "ig-nifil':mt 
i n!,reasf• in ruminal tonus ancl in trarumiunl presi'UI'C. On t he I'On

tra r.\·, tlwre lll:IY be n temporal',\' fH'('OlllllHHlating dt•<·r e;lse itt tone 
as Hho11·n i n graph Ko. J , in w hich tht> minimal pressure cl!:'C"rf'ases 
from r.ero before foocl io - JO mm. 11 20 pressure clm ·i ng- aetual 
feeding· . This, howeY!'l', is not <·onsistent for all animals. Prom 
t.hriie ohst>rvations, thf' Je appr:ll'S strong t>videnre t ha t this iuc·reased 
motility of the foresiomaPhR during feedi ng- i.; ns,.;n1·iated primal' ily 
with yagnl reflex action, in ·wh ich the reflex i-; initiatt>d prohahl~· in 
iht> phnrynx, during- deglntitio11. 
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Tl'DlES 0~ .\LOLE~T.\HY TJ!.ICT (H )JEHI;I;O ::>Jlt·:£1'. 

Un the other hand, thE> type of food ingestt>d seem:-; to exPrl little 
it nn,r specific influence on ruminnl moYetneuts, sitH·e lnc·e tne (both 
dry ;tu1l green), poor Yt>ld ha.Y aml crushe<l maize all pto>oh nu 
<'C]uall,'· btgnificnn t acceleration of ruminalJliO\·ement <luring feeding-. 
Thi ,; . howeYer, i~ notic:ecl only i11 hungry animal~. Apart from 
lH:ct>leratiou dm iug- adual feetling. some aninwb, \\'hir·h through 
repeated hnudling ltaYe beeonw well aerpwintt>d \\'ith the PXperi
mental procedure. ~how iu nddit imt n well-defineLl psyc·hir· tesponse 
( c) f'ou.J , \\'he neYPr tJti~ i,.; ~ h o\\'11 io it. ln ,;nth cases l'tllllillal IIIO I'e
Jllellt:> ;ue also atTeleratt·d, although uot to t he :-;anw extent as 1luriug 
netnnl feeding. ln fistula ,;heep reePnt ly btought nnde1· experimen tal 
t'oHdition ,.; thi, respouse ma)' he t-ither nh~eui or not so ea sil~· elit·ited. 
11·hit·h indir·ntes that it originatt>s :1s a type of conditional retl ('x . 

By maintaining animals on any onr pnrtienlar lype of f'oorl eYen 
for prolonged periods at a st1etr·h, the normal rhythm j~ not dis
turlwd us l o11g' as th~' appPtite remains sat.i~fal'lury. Thus iu ~Taph 
:So. ~ the rutniual lllOI't:>menl;; alP recorded, both before and after 
feeding, of a slwep that hnd hPeu kept 011 a diet ('Olll[H ist>cl of poor 
qual it.\· wheat <·huff only for K 11·eeks. A;; \\'ill be noticed, hoi It i he 
rh:dhnt aud ihe s ize of ilw excursions wete 1\' f'llmuinta.ined in Kpile 
of the poor diet. \Yhen, 1Jo,o;eYer, ani111al:; a1e kept on au f>xdusiYe 
g rain mtiou, e.g. r·r ushed mai>~c, for a c·on ,.;idl'l'able period, the size 
of the ruminal excursions hel'ome mudt rPtlul'ed although the rh.dhm 
itself i~ not sig-nificanily altered. In gmph No. ;3 the rumina! 
records are s hown of two sht>ep kept on a diet of c1ushed maize only 
for SP\eral weeks. \\-h t>re auinwls a.re f'orc·Prl to exiRt for pi'Olongerl 
periods ou an unbalanet:>d ration comprised either of c!'ushed mai>~e 
only or of poor quality ~traw only, nuuinal moYements may di ,;
appf>ar rontp iPtely nnd without warning, this being det('nninecl Yery 
largely hy the idiCisync·rasy of indiYidual animals. sinee <·es,;ntion 
of runt ;ual moYenwni and lo~s of appetitP appear mueh ,.;oo11er in 
som c> animal::; thnu in other~. 

The do,..ing of finely g'LOiltHl foor.l, e.g. 200 gnllllS powdereri gr:1ss 
lwy. diredl,Y into tlw llllll<'ll through the fistula opening, c·au;;es 110 
t'hang-e 11·hatt>Yer· in the ruminal rhythm as sho11·11 in g-raph Xo. -!, 
although due to lbt:> g-reatt>r fi lling of th e m·gall thE> ex1·11r~ion,; them
~eh-b nl<lY lJe •lugmented. tht> nwximal p1·essure inen·n;;i nl.! from 
+ !Jtl 1Jllll. n2o to + 127 111111. IT,O. If. instend of the g'l'HSS hay, 

:"1 0 grants of sugar sur·h as glur·otle is dosed into thf' 1 ll tllt' ll, an 
inteJ·psting res po11;;e mn)· hE> uotE>d a s far as the Jllotility 1~ ('011-

l"e rnPrl. In 11·ell-nourislwd animnls on a normal diet of' ln1·PrllP :mel 
ma1ze , the usunl effl•cl of gluc·ose is that of a rapid 1·ise in int ra
J·umina l prPs;;ure " ·hid1 ma:; ho m;1intninerl from].-) fo :w minuh•s, 
rluriug whi1·h ti nte the I'Ont ml'l ion resemhiP an ini'Olllplete tetnllliS 
whil'l1 a;raduali ,Y passes of ag·ain (seP gTaph Ko. 0) . 'J'hiR int.J'Pased 
pre~sure is due, ai h'ast partly. to tlw rnpirl innease ill thf' rn1e of 
ferntentation an(l t he acc11lll11lat'ioJt of ext ra YoluntPl'i of goa:-; as dParl.r 
~hown ill Yoltm1t>tri r del<'l'lllinations nf rnminal g-n,.; both lwfore and 
aftE-r th E> dosing· of ghH'ose. 1'hf' p ns;,i hility of a rlirel'l stimula.ti11g 
dfPd of lhe gluco~e 0 11 the rumi11al musnllature as partly rP.-poH~ ihlt> 
for this eifed is, h o11·en' J', not exclurled. 'Vlwn , on tlw other ha11rl. 
the same amount of glucost> is <JdmiJti~tt:>rerl to low-r·onditioned ~<beep 
af'rllo;fomerl lo n di el of po01 qualit y Yf>l ·l hay onl.\· . nnd in whir·h 
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the ani1nal:; already shm1· clPfinitc signs of hou.1· n·astage, the opposite 
1esponse lo that describeu ab<n·e is Yery freqneutl.v noticed. i .e. then• 
is no sign of an increa;;e in rumina! pres:ntrc whil1• the normal col1-
tractious t ht•mselves may be completely iuhibi ted for periotls up tn 
24 hours 01· longer. ~ubsequenl det enuinatious of the fetmentaiion 
rate in the rumen of :'IU<' h animals ba•e mort>over shown that the 
evolution of gas after g-lut'o;;e dosing is either tuuc·h delayed or en•;, 
completely kept in • .twy<llH'e . 

Colllpl ete sti.l JTation of \\·ell-nourishe<l anin .. tl s Hsunlly causes 11n 
signifil'ant efted ou the rumina! rhythm ior pericHh rangitq.!.· fton1 
72-9G lwurs (3-4 <lays}, althoug-h the indtYidu:.d <·ouhaetion s tend 
to show a progressin> d<·crense 111 antplit"udt:>. After this pt:>riod a 
c·omplete l'essation of rulllinal moYement nwy, howeYeJ. bke plnl'e 
at any tilllt:>, depending large ly on indiYiduality. 'l'hwugh ,;uhse
quent ft>eding- of sueh st ar>t>d animal>", l'lllllillal nwtilit~· usunll.Y 
reappems only after a ('Onsiclerahle delay, a,; tlw appetit~> its!'lt nw~· 
llt' seti ousi.Y disturbed aftf'r ~Hth p1olonge(l fn sting. 

1'/t r Effect of ll'atl'r.- \\'lwr<'as food ancl thr proePss of feNling. 
exert s:J('h w~ll-dt>fined eWect:; on the ntovt>mt•nts of 1 h£> nllllf'll, uu 
su(;h response has been not iced for "·a rer. 'l'h ns nf>i ther llw .w t ual 
driukiug- of water nor the sight of it provokes any signiiinlllt dwug-e 
in runlitwl n•m·ement. ~foJ f'O\'E'l', even widt> extreme:-< in tem]H·raturt> 
c·aHsf> 1 ttlc· ril't>d. Thus thP dosing of tllW litre i<·etl walt>r (OO ( '.) 
throug·h the rumin al fistula may ranse ouly <1 slig·ht and transit01y 
aeeelera t ion of moYement as shown in graph G. ~imilarly 1 litre ni 
water at. 00° C. proYokes littlE> respo11se nnl,,· . as l'f' l·ealecl in g·rnph 
No. i. '['he effects of <·on1plelf' withholding ol \Y<~Iet· for seYeJ al d n.v~ 
is not, ~o <>nsily aseel'lninNl, lwing· l'Ompli,·ated by th!' fact that t il t-> 
appetite nlso soon hN·o111 es disturbPCl. especially ll'l1en a dry ration 
onl.v is provided. 

trl Tm·: EFFECT OF D11:v~:HE:\T -'11.:'\I·:RAL ~.II.Ts ON RrmX.\L ~fOTILI TY . 

~e<· ing thnt it ha s been sho11·n that sodium salts Wf>l'e eftel'lil'e 
in <·aur;ing the closure o-;' the O!':iophageal gTOOVf' in cattle (\"\'p~ (e r ) 
and th a t. copper sulphate produr·ed a similar rH'ed in sheep, it wn .~ 
dP<·idt>d to a~r·<>l'lain "·hat action, if ans, (liften·n1 miuPral salt,; exerted 
on normal ruminalmotility. For thi; purpose "mall amou11b, li"Ually 
not llltll'e thnn 2 to :3 <·.c. of a ]() per (·cnt-. solution of the Yariou~ sal ts. 
wetl' closNI on to the hark of the tongu+> as rlescribed hy Monnig 
and (Juin and the r esponse of the rume n 1o it reeorde<l kyliHl
g-raphieall ,\·, hoth before and aftl'r dosing. 

Copper Sttlplwte.-Hy do>\ing c·opper sulphat f' ~olutious to ~ IH'P)l 
as clt>snihrd nho,·e, a striking- rP~pmt se iR t>lic·ited as fnr ns 111tninal 
moYeJne nt is <·onc·t-r nt•cl. Thi s l'!'spon,;P, I!0\1'1'1'1'1', vnrie:< lw rii'Pl' ll 
rliffer!'nt anilllnls fallin g- into OIIP of two t .'·pes: (a) In \\·hich dosing 
is immr dialely folloll't>tl h.\' a r; ignificant :w<·PlPrntion of rumina! 
moYement freq uent!.\· up to 20 <·mttradions per i') minute,;, l'lo:;Pl.Y 
rr,.;emhliug- that noticP<l <lu• ing feeding·. '!'hi s eft'ed usual!~· passe~ 
off within ,-) to 15 minu(t-;;. aftt>r which th e f·nntradions ma.\' he 
some"·hnt s lower anfl ,.;n1aller tl1:1.11 normal (see graph 8) . 
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S'JTIHES OX ALl~IE.:-'T.\111 TIUCT OF )!EIIl:\0 SllEEP. 

(b) ln t hiti ease do,;ing with Cu:-)0, solut ion t·aur't>S a pnlllur_y 
comph•tp inhibit ion of r unrirral rnoYCillt>td. lusting- up to :3 or -! 
minute,;, uf11:'r which a ,;etomlary sti mulation results in the typi<·al 
aceelPrution Pftl:'t"l a,; de:wribecl under (a). This is dearly shown in 
g-1nph ~o. !1. }loreowr it has bePn fo unt! that the re~pon,;e of iJl(li
Yi<htal auin~;d~ io rPpPaft>d <losi_ng- with copper sulpludP. when te,;ted 
ouf O\"Pt" a pe1 iod of man~- !llont h,;, ~hows uo <'lrang-e whatever, i.P. 
tht>rP i,; no inten·haug-e in Jespon,;p hotn g-wup (a ) to group (h) or 
,-ire WJS<J. That this diftt>reuee irt rendion is <·1oseh aHsocinted with 
the do;;ure of tht> oesophag-Pal g-rooYe, i~ ~hown hy fl;p f<wt t hnf sm:\11 
glass bt'<Hh when dosed inrmediately aftpr the <·<•ppt>r ,;nlphatt>. appear 
in thP faere,.; of animals showing· tlrf' (o) respon,;e, t·onsitlerahly earlier 
than in those in "·hidr the (b) rp,;poH~e i~ n orntally t>lit·ited. 'l'hus 
in the (n) gmup the majorit~- of the la•ncls r11ay be t>l ituinalt•cl 1\ithin 
-1:8 hours aftt'J" dosi ng, where:l~ i1r thP olht>r g-roups small numbet·~ of 
bt>atls are f'o nl.inually pa~~etl out OYf'l' a Jlf'l'i<lll of 'i to 1~ days or 
e '"<~ 11 lo 11 ge r. 

Apad f10m its eih·d on ruminal mo\·ement, copper sulphate 
solution~, when dose<l on fo the tongue, proYoke an Pqually sifinin
l:aut an·eler::r.tion in thl' moYemrnts of tlw nbomasum (someti1nes 
after n period of primar~- inhibition) ail shown i11 graph Xo. 10, 
"·bile eYt>n the r·ncr-11111 is imntf'dintel,Y s1imuhtN1 to n more rapid 
rate of contradion following- t hP <losiug of c·opper snlpludP, a'> 
reYenlecl in graph ~o. 1 l. 

On tei>ting- out ,-,uio tts other tlli Hrrnl salts, it h;ls lwPn a"l:PI taim•<l 
that sih·er nitrate solutions proYoke a re,pons!' i<h•ntit·al to that of 
copper ~ulphatP, as reYPalPd in g-raph Xo. 12. Apnrt from the 
minPnrl ,;alt.-, nieotinP sul pha ie also causp:< a similar Iea!'t ioH in 
nu11inal motilit~·, as shO\nr in g-ruph Xo. 13. Of nil fhe oflwr 
minetal ;;alts. ~lll'h a~ m;rg-nt>~itllll r'Ulphah•. so<l ium :-:ulplrat t:>, -;udiuul 
chloride. fPl'I'OU:-\ t'l lllphHie a11d altlllliniulll rota~SiU Jll HU]plratt' (alulll), 
whe n do:;ed in the ahon• manner, none of th!'se proYokP any signifi<·ant 
thang·~> in liOI'IIl<\l ruminnl motilii.Y (,;N~ .tt"rnphs Xos. ]:l, 1~ , 1-). l(i, 
17). Thus it appPur-; to lw de:nly estahli ,.dwu that only a lilllited 
1e\r suh:-~h.tnt·L•s :such a:-> I'Opper, sil\·Pr and nieotinP HIe <·npnhll' of 
eli<·i t ing tlw Yng-n l l'l:'fit'X in ,:,hc>t>p \\" ht>n :;\\·a llmn•<L 

In addition io thP ahoY<' mitrf'ral ;:a lb, thP t>H"ed of pota-<:-.ium 
tY<llltd<• on ruluinal tllllYPniPilt hn:; al "o ht><• n n:-;el'rtainPd. 1\v dusin~· 
a'lnount-; rang-iHg h0111 1:10 1o ~()() mg-s. potassium !"_nwitlP ilissoh·e;l 
in a i'<·w l'llhi<· r·t>ntiml'ft·n of watP t' clil'<·dly mto 1ht• 1\llllt'll, :111 

extrpntt· l~· rapid tle<·JP<l"t' in thP rhythrn aJHl ~i~e of the <·ontnl<'timls 
nw~· lw nofi<·<'d \l·hi<"lt ,;onll t·nltllillatPs in t'0111p1Ptt• pnmh-~i,- of tlw 
organ, ~-hiiP tlw tPspirntions hP<"OIIH' rnu<·h dt>PJWI" und d_,spl111Pi<· in 
nntur<'. fipp g-raph Su. IR. Drp<>n<ling- npon iht' <lo:-;r a11<l thv g·t>IH'Ial 
,:,eYPl it\' of thP lt'<ll'tiOII, a ll' tlllll of thE' l'\1111iiHlll110Yt'11H'IIt s 111<1\" ]Jp 
pxppef~·d u.-ually in lO to -1-fl ntinutP:-; a ftpr dosing·, t h<· ,;i~P of. t lw 
<·o!lti'<H"fions grutlually irrnP:tsing- \\"ith rpc·m·pry. Equal dth<-'" of 
K('i\ 1nay, lun\-PYPI" , prnrok<• di:-;tin<-tl ,,- dill'el!'nt efl'eds on <llliltlnls 
kept on <lifferent <lit->1,;_ Thns it lws lweu fonml that a dn:-~e nf l RO 
utgs. E.r~. whE-n tlosed to a sherp 011 a d ie1 of I Ut'ern€' hny onl,v, 
l"au::.e.~ nn pffe<'f mHr·h mildc•r than that uoti<·eahlP in animnb on a 
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mixl'U diet of lucenH' nnd crushl'd tnaize. Due to the :;lightly more 
acid renctio11. of the r-umiuul contPnts on 1 he lattet· diet , it would 
appear that the morP se\"ere readion is <lSsoeiated with a c·orres
poutlin~tlY more rapiil fon11atio1t, nncl heueP a hi: . .dtt>r eontt>n1ratiou 
of easily diffu~iblr h~·chocyanit· ~wid gas fr-om the 1\.l'X "itltin the 
rumen. 

((/) 'Jut·: lXJ'Ll' t-:C\CE oF Dnn;s ox H 011~.\J. _\loYJDtEXT. 

As eertain drug,; ate r-t>puted to t>XPrt a powt>rful t>fh>ct on plain 
nlusdP, experittl<'nts ,,.l•re nnderlukrn in "'hich Sl'Yt'nd "·t>ll-knoll-tt 
drugs in adtlition to nnious other suh:<taJH'f'S w!:'rE' te,.;(pd out tor 
their at:tion on ruminal motildy. Of thPsP, thtPt> Yagal stintll lnntr:, 
Yiz. aeet:d-t·holine, Lt'ntiu C~Ien·k), and E.~ntodil ( Bn.\·er) ma y he 
regarclrd as t·ontpris tng one group . At·Pt.d-choli n(;', no\\' g<:'tt(•ra.lly 
acc:e pt.Ptl to he constantly lilwratecl uncler parasym(HtlhPtic· ;;timula
tion \\'as testt>d out on rumina I fi,t •tla shef'P Pit her alonp or in c·om
biualion ~~-ith r;-;erinP sulphaiP. J 1 11·as found that ai'Ptyl-choline in 
close,; of lU mg-s. and morP inf la\'t'l lllU~ly (clilution I: l,t)OO) c·aur:ecl 
an lltmNlinte nnd conlplPte pural:vsis of n11ninal lllOI'Pntt>ni, si111i lar 
in ;tll resJWds to tlH' al'lion of][ ( '.:\ on thf' I'UlllPil. 

The cffrd ot the acPtyl-eholin e is , however, of vPry short <lm·n
tion. since mpid ret ·o,·t>ry of rum itt a! movement nwy he e:qwdetl 
within 10 mintt!E's aftpr arlmini,;trntion (gTaph Ko. HJ). 

E,.;moclil (Hayt'r) in a dosP of :-j mgs. (cli lution :i: 1.00(1} intra
mus<·ttlarly wn,: found to l·ansP a prog-rE'ssivf' ac!'ele1ntion of nuninnl 
JHOYeln t>nL~ a<Tolltpani etl h.\' a ri,w in tlw g-c->ueral tottP 1lf thP llltlletl. 
Although somewhat s imilar to T,rut in (Jfen·k) in its ac·tion, E~morlil 
appears to exNt '' mildc>J· effe<·t on t hp plain mmwlc> of th e rumen 
(graph Xo. 20) . 

L<•ntin ( ~Ierc·k) in a close· of mg. (1:1,000) injrcted 
suhcutnnpou~l.v, r·au,.;es a pntcfic·nlly iushlJltaneou~ f'hang-e both in 
ruminal tone fiiHl in rhrthm. 1' he ton<' whirh risl:'s to "·ell abo'e 
the normal Je1·el may remain ill a spa;;fl(• state for :1 period tof Olle 
hour or long-N dt~ring- which t bt> normal movements arE' replaced 
by <1 ~:;eries of rapidl.\· reruning, ~hallow , wave-like contrnC'tion,; 
resembling those noticE'ahlc-> during a ~tatE> of iuco1upldP t('tanu,; 
(graph Xo. 2 L) . 'J' hnt thE>sP r-rantp-likc-> pE-ristaltic c·ontrac·tions arP 
prE'sf'nl at lea~t also in the lnrgr ho\\'t>l is proved h.1· the far! that 
repea!l'd pmg-ntion mn~- sd in within -:1-:1-GO ntinutes nf1c>r iujPci ion. 
At. thP ~amr timr glnttdular adiYily is markP<lly s limulaiPcl af; 
evi tlPnc·p,] hy tl1E' p_tofu,.;l' nnd continuc->cl ;:.ali,·nlion ancl lac·hrym.Jfion. 
HowPYf'T, all i lw pffpf'f,; art' li"Hnlb· pa:<,wd off '"ithin 2~ to :1 ltours, 
!raving thP ru111en ll'illt it" nonnal t·hythnt o ~ <·ontntr·fion. 

Apad front ihP alwYc'-111E'IltinnPd ihrE't• ~11hstanc·p,;, Yariou..; nlhPr 
chugs W I:' I'P tE'stPcl out on thE' ntntf' ll. Of IIH'o<P , piloc·;trpinf' hyclro
ehlot icle (g·taph 'Xo. 22) and art>c-ol iuf' hycltohn•micl t• (gT<lJlh Xo. 'tn 
in dosc'ii of 2:1-..JO llll-r~. pc>r shc'PP intramtls!'ubrly pn"okf'cl a respo11.~e 
r(•sr mhling thnt c·aused hy LPIItin. excpp( that iu no in,.;(nncr hn~ 
purgation hPf'll noti(·ccl in sheE>p folJm,·ing· the injl'l'fioll Piflwr of 
arN·olin!' or pilnr·arpinr . 
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'l'he result;; wi1h c:;erine su lphate haYe heeu di:'appointiug- in 
thai eYt>JI large dose.~ of L0-15 mg-s. iutr:lmu ~;c·uLul~- failt>d to proYoke 
a ny defiuitP 1esponse from t he nune11 except augmen tation of lhe 
ruminnl nWYemeJds (g-r nph Xo. 24). 

Y eratrine h y drochloridP, i n dose,; of i) nrg,,_ snbeubueously, pro
clucetl i nle11;;e local irritation nncl a definite s lo"·ing do\\· n of the 
ruminal nw,·enwnts (graph No. 25). 

Ad rPna l in (1: l,UOO) in dost's ot 2 t·.f·. subcutaneously, £aih>d to 
pt·oYoke <l n _y chaug·t• in the normal rhythm or tonus of the rumen 
(g-raph X o. 26). 

A poisonous p1 inf·iple isol;dNl from tlw plant Lippia rehmanni 
( \ -e rben ;u·eae), tl·J·nwd iclerOiJCII in. was foun <1 to produc-e a <·omplete 
and prolm1g-etl iuhihition of ruminal moYemen1 a;;sociated with 
lo;;,; or app<>titP when giYen per us in <Ill amount of -! gTallls (g-raph 
Ko. :Ci ). This ,;uhstancc•, " · hich has hee11 s hown to lw in til L' nature 
of a resinil' af·id, likewise ca uses inbihition in till-' ],i]e exnelor~
llle<'hanis rn of lh e li,-Pr n,;scwiaterl with a prog-J es~i Ye se,·erP t ype of 
l't•g·ul g-i t:J I i q> .in Hn cli c·e . 

Expe rin1ei1l-< <'l'llduded ou ,; !Jeep witlr l'llllli rwl fi:--iula haYe ~hO\\'n 
l ltal lllll'lllnl rumi11al llto\·emen l mn~· Ullllergo Yer y ('OllsiL1Hable 
Yariation,; from nn_y rhythm th;lt 1nay b<• lt:>nrpnraril,,· Pstabl io;l le<l. 
ln thi:; rc>sprd i L i:; Pssen linlly t hP strengt h 11f tlrt-' indiYidual contrac
tions as \\·ell a;:; t he spat·iug- of the moYements whil'!1 may uudE'l'go n 
sudllen <· ltang-e ndht•r than Lbe rate and tlJP ton us of tlr\' rumen both 
of which ren1ai n t.u· more ron slant. An interPsti11g· feature is tht' 
Pxlensi Yt' tlq..(Te ,,f' rdaxation undergon t· hy the J'UIH ~nal mnseuln lure 
betwePn l ire al'iual l'on tra<'lions. During- the:<e p eriocls of resl the 
intra-runriua l pr·p,;,mre usually falls well b elow ze ro , Yalues of - 5 
to - l--> mm. H/l pre;;surP bei ng- frequent l .v e neouJltPt·ed. .At t he 
height of (·onlradion ilu· in lra-ruminal pre::;,;urr mu_y ri:<e frotu +20 
to + 12!) llllll. IT"O, with an a\·ernge of ± 70 nun. 

~'eeding· in e,·er_v i nsta nee <·au:>P" a , .f>l'_\' s Jgnifi<·anl (.l(·<·P lera I iou 
iu thP uw\·ement of tiH' rumen, thi s hl' ing- llue in nll prohabili iy to 
Yag-u~ reflex.Ps initialecl in the pharynx anrl oe,;nphag-us, and do~ely 
a~:<orialed wit h mastil'ation ancl d eg-lut itiou. ln :-,ome auimnls th<> 
mere sig·hl of ft11Hl may initiate reflPx <H·c:ele l'al ion of rumina! movP
ment. This l'ffE•!'( is, however. neil her as r·ouslani no1' as st rong· as 
that notir·t>ahlt> (lu ring- ac·lual fE'Pding·. 'J'hP type nf food exN1R l i't tlt>, 
if any, r fl'ed 011 tht' r unrina l rl1 .rthrn, althoug-h ('OIItraction,; tE'ntl lo 
hP<'oll iP smn ll \l·hen anim;ds arP krpl on n ration enmprisNl exdusiYPl,\' 
of r·onr-•'ntrall's. 

( 'om plet r> :;tnn·:dion as a ru le r·auses no t1 efini tP c hange in thr 
rate of ru nrinal mm·enwnt up to the t ltircl or pven lhe fou r·th cla~- . 
althoug-h til<' r>xc· n1 sion;; ma~· heecnne lll·ogTe'<siYely ;.:mallei'. After 
thi~ p er iod all mo,·enl t> nt s may. however. di,;appPar comple lel~' 
Jt'ollowi ng- n"newrcl feNling- nftet· ;;twh prolong-ed stnnalion. a definit e• 
clela_,. in thr rrt urn of mowu1 erd s nnd al.-o of thp appetit<> is rre
q nentl~- notic·eahl<>. 
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The influence o£ water on the rumen is much less ~pecific seemg 
that ne1ther the sight of water nor actual drinking causes any appre
ciable change in the motility of the rumen. l\lo1eovcr. wide extremes 
of temperature ranging from 0° C. to 50° C. follo\Ying the dosing 
o£ 1 litre of either iced or warm water cause very little change in 
normal motility. 

With regard to the in±iuence of various mineral salts, it ha:; iJeen 
established that small doses of a copper sulphate solution, as well as 
similar solutions of silver nitrate and nicot.111e sulphate, when dosed 
on to the back of the tongue all cause very profound changes in 
rumiual rhythm, due again probably to a vagal re±iex. All other 
mineral salts tested out so far have fa1led to provoke this charecteristic 
response from the rumen. 

Potassium cyande in small doses per os causes a rapid though 
transitory paralysis of all rumina! lllOYements. 

In addition to the mineral salts, various other substances han! 
also been tested for their action on the rulllen . 0£ these, Lentin 
(Merck) and Esmodil (Bayer) have been found to cause a well
marked stimulation of ruminal movement, while acetyl-choline causes 
an acute though transitory paralysis. Pilocarpine and arecoline also 
cause significant stimulation of ruminal movement. Adrenaline sub
cutaneously in doses of 2 t:.c. (1: 1,000) was found to exert little, if 
any, change in tuminal motility. 
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