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1; o ( o) significant diffe;:ence! ~(P-> .01) 'I'hese results lndicate that .
S L+ R ’s‘e‘cretin is a powetful stimulant o,f mtestmal Llymph flow and protein
c . . i ' outpu't in the conscious rat. Howevet, the mechanilsmA by] wh:.ch secret:.n .
. : . Y pr:pduced‘ th;.se effectsl is .unclear.‘ _)"u }‘ "ff'f/".f S '_'. a e
| n',l S _n ‘”* ' o Al stead_y-state of enhanced ].ymph flow qu establ:lshed.._ Protein R

3 ) K | [ ' concentratlon oé succes;ive lymph samples taken:- th’-l’Ou;JhOUt the i“fu51°n
- ( ' _ showed 'nd ‘measnrable change. Exarru.nat:.on of gradient.gﬁlyacr;lamide ' y

s - LS 9 . ' ! ' '

ba.nds for' each set: of data. COmpar:.sori of the feq;uatlons between

- o ’ ‘e ,‘ . . .
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VNS T Splanchm.c blood flow is known to J.ncrease .m the postprandial
5 ; ‘ state though the mechanisms are uncleag. , Gut ho::mones are probably at
e ;l‘ least partially responsnole. Intestmal lymph is mainly der.ured from !
e o the splanchnic blood via capil,_la.ry filtration. --As alterations in the
P ¢

', . { : : 'splanchnic microc:.rculat:.on are 11ke1y to be associated with alterat:.ons e

- ", N 1 . A /' . J o
f ' m 1ntest1na1 lymph flow th:.s study was devised to examine the effect,s .

: i . ) J K ’ l
’. . . of two hormones, namely sec:etin and vasoactive intestinal polypeptide, '
L. . P, oo . . ‘
Lo ' on 1ntest1na3. lymph flow and compos:.t:.on. co T e

B IR . . - .“ e, - Lo "‘l A ,-'."‘;

) - L L ~\ -

'L L ' .. Conscious zestrained ma].e Sprague.—Dawley rats with intestin‘al
1ol o e . i ' Lo !

. i!. _.',A’f‘ o lymphatic fistulae, duodenal cannulae, and tail—vein cannu’lae werex )

B L"\‘:' \: P " . B o J{ ) ) r,"‘._-A-w-' .i
SR '{:. ) ~stud1ed, o T T N S T o T '1"%"

. L" / B ‘. ,:‘ ' ,‘4 . I ._. “ . o .-4' .v.;. ., : ‘ ' ‘ ) -, ) ,4 a PR . N } -' . ;\’
\ . . T .‘Natur'al,’éectet'in "a't do'se,s“fz;om'i_ol.‘ 25 = 5.U/ml and -a ,sali.n‘.e' control
- { ---'were :administened ;intx;av'enoﬁslyn ~in'ten’ animal_s- . Lymph ‘flow, "prot‘,e“in,

: . T oL b P e , ) .
¢ N : concentrat:.on and output were determlned To exclude th’e pOSS*ibilitﬁr e
1 , i ‘ te LI . L '\.\':
o -“" ' ‘of a vasoactlve contaminant causmg the observed effects, three rats .
- . ! \' _. ) l A . . e . - ”
. i were studied simllaxly uhth synthetic secretin- 7z W

Ana1y31s of the resﬁlts gave polynomial curves w:n.th 95%- confidence ,"‘

' natural and synthet:.c secretin for lymph flow and protein output showed S
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Earnest Henry Starling (Fig. 1) a ﬁineteehth' centiry English !

o 'physiologist_ maqe\ two important contributions to the science which

are central to the substance of this thesis.’ v

In 1896 he proposed a theory\wh:Lch was known as. starl:.ng s,
'-Hypothesxs" but whlch can now- be called "Starl:mg s Prmc:.ple s:.nce : '
. b i -~

1t has rece:.ved extens:.ve expermental substant:.ation. . 'rh:.s Pr1nc1p1e

expla.ms the forces °w‘n1ch cont:rol fluld movement ‘across the cap:.lla.ry

wall‘. Starlmg ma:.ntalned that the dlrectlon and rate of - flm.d SR

f._ . croa

transfer was proport10na1 t:o the algebralc sum of the effectlve

hydrostat:.c pressure rn the cap:.llarles and the osmot:.c pressure

of the plasma prote:.ns,("offey. 1970).

. B -
o : . .

The prlncz.pal 1nvolves three extracellular fluJ,ds. bl’oocl'

H plqsma, 1nterst1t1al fluxd, and lymph Blood flow1ng throhgh the

.
‘w S

{
“blood caplllarles f:.lters out mto t‘ne J.nterstltlal fluJ.d~ ThJ.S

. fJ.ltratJ.on occurs because ‘of. Starllng s Pr:.nclple and. the phys:.cal
propertles of the caplllary wall. The cap:.ilary wall, although

-.permeable to crystallon.ds, 15 rela.t:.vely :.mpermeable to 1arger - - N : U

'plasma protexn molecules, thus these protelns cannot he absorbed
[ . LYy .

g back into. the blood caplllary.,, ' o, e o o
One could describe the lymphatlc system as an‘ xauxlllary I " " o .
- ‘. ) i T ' ‘7 Lo
. return route for the cardlovascula.r System. . 'l'he 1ymphat1c=system .

commences w1th bl:md—end 1n1t1a1 ;Lymphatlc cap:.llarles whose funct:.onal

"mlcroanatomy makes lymph formatxon possnble. Lymph ‘ig a derlvatlve of )

O M . . . ~

';. the J,nterstltlal flu:.d, formed from rt by forces whlch can only be .

‘ ;is to, a cabillary vessel the r_nore 11kely the lymph J,_n .1t w;_.ll resemhle

y .

“speculate‘d “upon.- It is 1nterest1ng that the closer a lymphatxc vessel g W
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" the caplllary fllttate,(c13rk & clark 1937)_»

. ’:‘ Reallzlng the relatlonshlp between the three extracellular flulds

e . teot

{ R : e
' ‘experzments can: be done uSLng lymph flow as anllndlreet measure of - 7
5 ~ - o
o e . : blood.flow 1n.anyﬁpart;cular reglon_w1th'1ts»com9051tionfreflect1nq the

v N -3‘_

compoSLtlon of 1nterst1t1al flu1d in that reglon. In a general &ay,‘

P

alteratlons in blood flow are llkely to be reflected as alteratlons in

t .

Iymph flow, . ‘...""‘ fl- _l L iﬁg“

.The second contrlbutlon of Starllngg@pléh I wrsh to refer to is.

hlS work w1th WM. Bayllss on secretln. .Thls work 1n1t1ated'the'science

.'/ N - ) . - .
;] K - T " : T o -

.~_pf'Endocr1nology. B - SRR ‘ R

v . N |‘ . P . - N

. On January 16th 1902 they denervated a je]unal loop of an-

N i

4;; o e anaesthétlzed dog, applled a small amount of weak hydrochlorlc ac1d
‘.: S S f" and observed an 1ncreased flow of pancreatlo julce._ Reallzlng that
I, . l, '

thlS must be a chemlcal reflex they called the chemlcal mediator k

N
.

,,i : o “secretln" . starllng 1ntroduced the Gréek word hormone (opuiu ) meanlng

' arouse to act1v1ty‘- a word class&fyxng all‘bloodborne chemxcal

>

- )' . . L

. . . L.
- - o N . . . . ‘ 0. . i ) /

o messengers. L S
P 3 , . ; . oo 3 .,-A . o, - .,;'._ ) ) o o
"The mucosa of the gastrointestiﬁal tréct is"the largest endocrine
L {. . N . RS
N organ in the body ‘with & large<
. g o

. S .i, throughout 1t. Although secretln was d1scovered in 1902 half a century’

v
mass of endocrlne cells scattered i

'{ - L elapsed before the 1mportance of gastr01ntest1nal hormones was reallzed._

e

Presently, enormous adVances have occurred 1n the understandlng of the

- - 1

.

endocrlne system due to the isolatlon and purlflcatlon of gastro-

1ntest1nal hormones and to the lntroductlon of new 1mmunolog1cal .

. . . .
» - ‘ B . A R N

3 methods.%

 There are two.groups of gastrointestinal hormones, those with

' B .- D
N . -

e Ama e i  BAT R Lt s b e
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- the, two parts are 1nterrupted S

- . It has beenﬂshown that the gastr01ntest1na1 honuones exert a wide

' spectrum of effects and play a major part 1n the control of all

. effects are phys:.blog:.cal. . - R S .

[ . P : . B . , o ) .

. . . " . . N v .
N1 . : R . «

. . . - K - . . o . A

-‘ true hormohe status 1nclud1ng secret:m, cholecystok:mln, gastrm, S o

K

. . B : ’
A “( ;‘.‘ e .

and poss:.bly gastrlc 1nhlb1tory pplypeptlae and those whlch are L

',putatlve or "candldaute horrnones 1nclud1ng vasoactlve 1ntest1nal poly— )

peptiﬁe v moti-lin_, sub'stance B, an’d. somatostatin.' : _A hormo'ne muSt .
fulfill fo‘ur'c'riteria to a'chieve.'true hormonal status, i.e.s 7
"1) one must demonstrate that a- physaological stmulus appl:.ed to g

o
R

one part of the g'ut changes the act1v1ty in- another part A
'physmloqlcal stlmulus berng one whlch would be normally present dur;.ng

the ;lmgestlon and dlgestlon of a ,meal : _' - .

.

2) the effect must persmt after all nervous connectmns between

- .
~

, P . . ‘~‘ . . ‘ f
‘,7 Y . . - L

'3.)“' one must 1solate a substance from the s:.te of applicatlon of

a »
[T e

I .

a

the stlm@ps whlch when 1n3ected 1nto the bloodstream mmus:cs 'the v

effect of/the st:unulus,, . ) C _: e .

‘ . . o B
’

"4) one must 1dent1fy the 5ubstance chem:.cally and conflrm its

4
.
-Ty

structure by synthes:Ls. .

.

b ¢ £as

T

. gastromtest:.nal physmlogy. The‘problem now- 1s:to Q1scern WhJ.Ch

One area of research involves study:l.ng the - effect of gastro- -
intestrnal hormones upon‘ the,splar(chnlc c1rculat10n. . Splanchnlc blood
'flow accounts for more than one fourth of the card:.ac output, yet the

'mecham.sm controlllng postprandlal hyperemla 1s poorly understood.
. r

.

Postprand1a1 hyperemla was first descnbed by Hernck (1934). __: o

‘ Using';thermostromuhrs,_in dogs he ,showed increases in superlor _mesenteric

0
-

B
N

o

Sl

i) ot s a8 ek sl atinn S s 8

[Py
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b

.arteri' blood flow postprand;.ally._ Re:.n:.nger (1957J us:mg anaesthetlzed

rats co ~1rme~:'i the work of Herrlck. Later, Brandt (1968) and” Vatner .

a

' (1970) agam .conflrmed the exlstence of postprandlal hyperemla.

Y

Although the phenomenon is not dlSputed the J.ll—understood mechanlsm

-

Tds. It has ‘been ptoposed to be neural mecham.cal, and humoral. most.

.

' probably a combmatz.on of all éhree. B;ber et al.y (1973) proposed
I

. that the vasod:.latlon depends partly nupcm a release of -:Lntestinal P
i

“

hormone§ and partly upOn local mechan:.sms evoked by mechanlcal and

H e .o

A :
poss:.bly chem1ca1 st:.mulat:.on of the 1ntest1nal mucosa. Thu”s,'_'the

. . ' \
)

o contrlbutlon of each mechanlsm W111 have to be studled. .

. . _ w

> . -

D

Pt

The humoral role has been attrlbuted to many gastromtestlnal' P

o - v - P

honmones J.ncludmg secretln (Ross, 1970, Fax:a et al., 1972),

'
o

' cholecystoklm.n (Fa'ra et a‘l., 1973): gastrJ.n (Bowen et al.,‘ 1975).~

T

vasoactlve 1ntest1nal polypeptlde (Sald et al-, . 1970) ; 'and gastrl,q:‘.‘

mhlb:.tory poJ.ypeth.de (I‘atn., 1978) l&ll, excludmg vasoact:.ve

A
- e

. .1ntest1nal polypeptlde, are known to be powerful and rather selectlve

splanchnlc vasodllators. The vasomotor propertles of vasoact:.ve

*mtestmal polypeptlde are less’n select:.ve (Thul:.n. et al., 1973)

v.e . .
Th1s study, 1s concerned w1th two of these‘gastfoz_nte‘s'tlna_l

t [ . . . e, - . F

hormones, secretm and vasoactlve 1ntest1nal polypeptlde.‘

S

Ross (1970) showed that secretm 15 a splanchnlc vasodllator. He: . K

. demonstrated that Ain 'thé‘&cat 1ntravenqus -;nfus:mns qﬁ» small doses of.

.
. 'secretin ‘increaged. superibr mese'nt'e'i':ic ai:teri'al flow without altering

. Systeniic,.p'ressnre‘.' In ~1972, Para et al., 1mp11cated secret:.n as well

. , . _*,, e

as cholecystok:mln :m the hyperemla occurr:.ng' 4in. the gut follovn.ng a

.meal They showed that :.ntraduodenal agents medlated the mesentenc

. . T . ' . . . ¥
\ . , . " K . .

Lo

-

o .

ot
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,"vascular response through the release of gastroxntestinal hormones. N

.o .. >

Faravet al., (1975) showed that secretin not only increases superxor
‘:—\—‘-’ [ Y
mesenteric arﬁerial flow but redistributes blood away from the, Je)unal '

Ve

L g . .
e . . - . ‘.

mucosa to-the submuCOSal .. , o ., '
Vasoactive 1ntest1nil polypeptide Was discovered by Sald and Mutt

t

in 1970, SO named because’ of 1ts potent vasodilator and hypotensxve

‘0

Aactlons. They showed that local 1n3ect10ns 1ncreased superior mesenteric Lo
’ L.l

'arterial flow by thirty—four percent. However, Thulin and Olsson

. ¢ ! I

" (1973), showed that 1n the dog vasoactive 1ntest1na1 polypeptide had -,

iRy

'virtually no effect on the superlor mesenteric arterial flow.~ This .

B . o

":was confirmed’by COupar (1976) who showed that a contlnuous 1nfusion of

erciam TRTab o emmgr e b e b o - )

Efvasoactive 1ntest1nal polypeptide dld not 51gn1f1cant1y affect the

. ] -t

mesenterLquascular bed of the rat, even though the amounts 1nfused

vu“_ L

were biologically active. Instead,'vasoactive 1ntest1na1 polypeptlde '
-‘caused a largesfluid-secretion into the 1umen of'the jejunum; another.

‘1mportant phy51ological action of the hormone. ) .
. - E 3 .

If a gastr01ntest1na1 hormone is to be 1nvolved 1n postprandlal T

’

e

hyperémia, then 1t must be released in the period following a meal.

SN L
PR

'Evidence of postprandial release of secretln can ea511y be shown by
bioassay methods even though the radloimmunoassay methods that have {4‘ B

'been reported to date have had difficulty 1n conSLBtently demonstrating

- thlS release.‘ However, Chey et al., (1977) showed a 31gn1f1cant

-lncrease in plasma secretln concentrations of normal healthy human

N

'::,subjects as well as in' patients w1th duodenal ulcer disease following
’ . . X - s ] S oo C s
a mea1, ’ " R ‘ .
' The postprandial release of vasoactive 1ntest1na1 polypeptide has

-

been studied to a lesser extent w1th conflictlng results as to- whether

L - ‘.

sty

Bt P rs a4
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. 4were shown to be 1ntest1nal"lymphagogues (Turner et al., 1977,

: studled. . . B NP

1Jeum. S '

; postprandlal hypermJ.a. S L .

K . e

vasoactlve mtestmal polypeptlde is released follow:.ﬁg a meal. - R

. ,recent study by Burhol et al., (1979) sh0wed a late but 51gn1f1cant

L

v

tion of a test meal. ’ W°f" R - R o

" Few expenments have Looked * at the effect of gastromtestlnal

' homones on 1ymph flow. In the rat both cholecystokim.n and glucagon

?

-Barrowman et'al‘. 1978a & b). However, the effect of secretln and vaso-

#

actwe 1ntest1na1 polypept:.de as :.ntest:.nal lymphagogues has not been

', . . ,_\ .‘% “'\
t

s . : N . .
; . .- . . , . |
B

- 'Razin .‘et al. v (1962) "deinon‘s‘trated tha’t im‘pure ﬁreparations of
. y . S .
secret:.n and cholecystokmm enhances thorac:.c lymph duct flow :m

p

anaest‘net:.zed dogs, wh:.le Granger et al.. (1979) showed that vasoact:.ve -

Hig

1ntest1nal polypeptlde decreases the lymph flow response 6f the cat

- . v . h . . . oo
N . LT ‘ . . N r . “ -

"'The?preserult study was deviséd to examine the effect of two

gastr01nte/st1nal hormones, secretln ‘and vasoactlve ;mtestmal poly— LT
. . o .

peptlde, on 1ntest1naL lyrnph flow and proteln output in the rat. 'As .

prev.tously dlscussed aLteratlons 1ri lymph flow should reflect

A oo . .
alteratlons -in blood flow, m partlcular here alterat:.ons :m :mtestlnal'
'Y $\

lymph flow should reflect alt/eratloﬁs in 1ntest1na1 blood flow. It is

L]

hoped that there w:.ll be ‘some . :Lnsn.ght 1nto whether the vasodllatory

.. 0
3 N .

propertles of. secretln and vasoactlve' 1ntest1na1 polypeptlde are

7 \
phy51ologically J.mportant 1n the dlgest.we process, partlcularly in.
' ._l\ : .. N ‘. ~ .

“a ..

a3

increase in plasma vasoactlve mtest;.nal polypeptldt‘i‘_’@\i‘ter t:he J.nges- L

v

mefes M ode s et v
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':~_-) Experiments were done on male Sprague-Dawley rats welgha.ng L
’ v . ' . iy
. between 200 - 300 grams ’I‘he rats were chosen randomly fxom the

)

-7 Annnal House at the Health S,c:.ences Complex, Memon.al Unlver51ty of
Newfou.ndland St John s, Newfoundland. Lt '

- . . B .
. -

Unt11 the time of the expenment these:” anunals were malnta:med

on an anlmal dlet of Rat Chow #5012 Ralston Pur:.na Con@any. 4 o
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Ether '.'ahh_y_d.rous.,,'Fie'he‘r‘4Sci'eh_tif;c._.. T . '
Method. ’ - A ‘. '
: ,‘_,, ‘A large g.lass Jar ;s. used for 1nduc1ng anaesthesia in the rats.
”;;é"?r is appl:.ed to” gauze pads, attached to the cover of’ the jax,. and
g ,

left for thirty seconds allowing vapors to bu:.ld up m the Jar. Then,'

' the rat is placed in the jar for one to three nu.nut\s untll

anaesthes:.a occurs. A A l:unp body and ta:.l are 51gns of anaesthesx.a.
Anaestheeia is- malntained by a face mask contamJ.ng ether. a ..

small beaker contalm.ng gauze pads is soa.ked in ether. The beaker i.s )

P ¥

e gy A R T TN, SIS TR e+ By et o e

:\”

[

o

The effect of ether wears off three to fJ.ve mnutes post-surgery.

.

URG.ERY;
LaEarotog:x ,

Materlal R

’ .

Cle .

e

A

' small axumal cllpper \uth head s:Lze 10, Canlab ?\

Method

‘-

'l‘he fur on. the ventral portlon from the xyph:.sternum dmm 1s

. removed w:.th the clippers.

" stab wound are'a.'
A mid-line inc151on along the sk:.n xs made for one and one half toA

two inches from the xyphisternum us:.ng a scalpel

-

PR

Fur ‘is also removed from the right side

'scalpel, Bard-Parker Scalpels, #10 '

.

Blunt-ended

‘scissors- 1s used to cut through the a.bdominal muscle layers.. .

placed over the nose of the rat perlodically dur:.ng the prOcedure. "

3
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sirgical Procellires . /. . LI

, Material 2 Ll T '
— oo T o e

.a) Lymphat;lclf:.stula--f o - : -

PE 50 J.ntramech polyethylene tub:Lng (I D. \.58mm ~.k-:.°25") ‘ O.D:’". .

, o 965mm ( 038“)), Clay Adams.» | )
J,e"‘?& S . 3 Yale 25 gauge needle, Becton Dickinson -
: L {{ o Yale 16 gauge needle, Becton Dicl-tinson i
N : o ,1P1ast.1.pak 3cc synﬂgev, Becton chklnson ’
: ‘Hepan.n (1000 U/ml), Hepalean, Harris Laboratorles. o .:‘
. The PE 50 tub:mg is fed through the gauge ‘16 needle and bevelled
" at the end.l The syr:mge ds fllled w:Lth hepann and the qauge 25 needle "-ﬁ'. :
1s‘attached to it anthnhen inserted into the PE. 50 tub:mg whlch J.s
a N ’, | subsequently fllled w:.th(xhepara.n. ’ ) - T ;,t, o e
l . . b) :.Duqdenal flstula:' é‘f’ "‘ | / L BN ‘. : L
' ) - ‘ Plastipak 3ece. synnge, Becton D:Lck:mson | - 2 .':7
‘ s : yBard:Lq premature 1nfant feed:mg tube. 5 Frehch. 15 z.nches,v C. R.
. g il o "‘Bond‘ (Canada) L‘F%-g . '» S g L L
‘ 'I‘he Usyr._‘ilﬁ"ge ls fllled w1th 0.8.5‘; ”sodiuﬁ?;ehleride and _‘attvached to i
"' the “infaht\_feedin.g» 1tm;'e.;3 ST |
t ”c)_‘;dhes'ivez , ’ '
., xsobutyl-z cyanoacrvlate monomer, Ethlcon Ltd. ' Edlr:bu/rgh .o
' , ‘A Pasteur plpette J.s dlpped 1nto the adhesnre which ig blown onto ’
p the‘.des_lred area:"' Voo T s | . |
i . 'I‘he duodenum is re?l:'lected to the left exposlng the relevant o
: . B anatt:my (F:Lg. 12._)..‘ The superlor mesentenc artery branches off the .
. { ,;", 5 aortal Above and below 1t are the ulaln intestlnal . hatic vessel and’
| 'J;n accessory. vessel; respeetively., ) :: . ‘:l.)g"?%‘ ' ,,
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: placed und%;,he -vena cava and X:he r:.ght k:l.dney pull the tublng next

' O

PV

..
S ': the lymphatlc vessel.

- material polymer:.»zes rap:.dly on‘contact with molsture to form a

‘s1ightly bluish-white in color. - ¥

el - ) :
-~ .« ’
“ ' ’ -
) ._"~.' - . . L A - N S
o ; l\_‘fs - - P e l-.-‘ - '
‘ . ‘ . . ' - N - . - , , /“' -
»a_. R, { . 4§ . o o
A stab wound 1s made into the rlght flank of the rat w:.th a 16

gauge needle and the hepanzed PE 50 1s 'fed through dt. Forceps

.

to the 1ntest1nal lymphatlc vessel thus the tube is now allgned wlth V .

.

.The. peritoneum covering the 1ymphat1cs is gently teased away

. with a Fine pointea. glesis ‘Probe. This exposes the vessel which is.

’ S (. - ' ’.":' . ’ o '...

N

' -h‘ small incision: is made J.n ‘the " main- mtestmal lymphat:l.c and

the PE 50 tublng insexrted for approxlmately 3 mm.‘ 41\ drop of

J.sobutyl 2—cyanoacry1ate mo.nomer secures; the tubmg in place. This

[ . ‘

hardene-d‘ 'iayer. It_should be’ noted that- only a drop be appl:.ed to _

. (4& ~ .. Lo
' the area since a thin layer results in a firmer bond than a tlucker ’
| layer. .. v . ) -

- The: 'isobut}'(l-rz-ﬂciranoacrylate ‘ﬁonomer- is."also”used to interrupt

' 'cannula at the s:.te of the stab wound. ST .

k through the J.nc:x.sxon in a caudal dJ.rectJ.on.

.
v -.-"' §

: ."flow through the accessory 1ymphat1c vessel and. to secure the

- ‘

. %

- Another ﬂ{nclslon is made :Ln the duodenum about l cm from the

pylorlc sphlncter. The. :mfant feedlng tube is 1ntroduced for 2 cm

t i’s secured with a

arop of 1sobuty1—2—cyanoacrylate moriomer, and ex:l‘t's through the abdominal wound

A «
i . . f

ClOS:Lj the« wound

Matera.al : IR
< —"\ill' ~ N b ' ¥

. (4 0), Ethlc:on Inc. -

nonabsorbable surg1ca1 suture U

‘-.‘

: .Methocl S . , . ,/A\:
The muscle layers are sutu!ea together with a c:ont:.nuous st:.tch. .
. R"‘ . ' ’ .. R . 3 . ~ .
) T 5‘ : . ) .
' i g ‘.‘ ‘L'
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Then the skm 1s su‘tured together w1th mterrupt:ed reef knot' -

C P prs

. . . ). O _\o .
Ta11 veln B RO
e e R s N v Ct ’
- . . o .o o B L ) . .
Haterlal .o - e S LS
.—_'“_ - v R , . Kl . :

"PE 10 1ntramedlc polye'fhylene tubmg (I D. -28mm (. 011"), 0 D.~

.66mm ( 024")), Clay Adams - . oo _

Yale 20 gauge n'eedle_. Becton Dickinson '

Yale 30 gauge needle, Becton Dickinson S
O ,Pl‘astipak Jce syririt_;e,," Be"cton,Dick'j'.nson R
. K . A - - . R "..‘
-..0. 85% sodlum chlorlde, F:Lsher Sc1ent1£1c S S

I

The PE 10 tub:mg is fed threugh the ga‘uge 20 needle and bevelled

L,

at the end A 3cc. syrlnge Whlch is half-fllled w1th 0. 85% sodz.um

chlonde and attached to a gauge 30 needle .'LS 1nserted mto the

a + . . o -

wbthg. T .

As soon as the aBdom_Lnal 1nc15.10n 15 closed the ta:.l—veln 15

v

: éannulated A tourn:l.quet is a_pplled around the ta11 and the gauge

20 needle is' put .mto one of the three tall—-Velns. Thls is done by

“

“ 1nsert1ng the needle in between two of the scales on the rat tail

skln. The BE 10 tub:Lng 1.. pushed 1nto the vein through the needle-

The needle 1s w1thdrawn, the tourm.quet released and the tublng _

°, »

secured w1th 1sobuty1 2-cyanoacrylate monomer. To, keepx the tuh;.ng"

-

' patent_.o.BS%, sodium-chloride is,;‘mfused. .
Pos'l OPERATIVE _CARE - B ) b
Mater:.al ‘ ‘ ‘
_ a) restraint cage _— " . R
B Bollman-type restraint cage
. N i
o ’ e S o
) ’ - '
. - .

..



_Company, Inc.' . . - L : s

.b) . punps

1 Harvard Parallel/Recmrocal Infuslon/WJ_thdrawal Pump (Senes

940) ’ Harvard Apparabus Company, Inc. r

=

. -, Harvard compaot 1nfu510n pump (Se:_rie‘s'975'), Harvard A’pparatue:“.

Is .
- ¢) ' syringes T . \
plastipak Scc syringe, Becdton Dickirison. e

_plastipak 10cc syringe, Becton:Dickinson : -
pla"stipak 50cb,/syringe, Becton Dickinson -: g ' -

Method A

'I'he rat 1s placed in the res’tralnt cage (FJ.g. 3) w1th the tai.l, o

‘ along Wlth the cannula, passmg through a hole in the back. Steel

/

'rods are placed around the rat ll'ml ing 1ts act1v1ty. mdpleces are

' ‘jplaced at both ends of the cage to prevent the rat from dlsplacmg

the' ste,el.rods. R S ) -
Y further '1iri\it .activity- :thread ties ‘are made. Thread through

°.,,

_both the sk;.n of the nape of, the neck and the lower, dorsal area, of

)

the rat is- t1ed to the top two- steel rods

),,

The anlmal 15 placed in a warnm room (28 C) , covered by a cloth

and'lglve‘n free access tI:o water.~ It is left:there for _at least ~lB
hours to. recover from the, surgery-

. I3

Throughout the post-operatlve perlod the ammal receives 0.85%.
4

’ éodium chlorlde 1nfu51on. 'I‘wo types of Harvard J.nfus:.on pumps ,":lre

"used. The syringes are filied-w1th 0.85% sodium chloride'.' o

x
+

U, .‘Wi'th the seriés 940 fthe 50c¢c éyringe. and 10cc s‘yrih'ge are

-attached to: the 1nfant feed:mg tube and ta11-—ve1n cannula,

v . S

vrespeqtlvely. The pump is set at pbs:.t:.on 10. whlch glves 2 5 ml/hr .

;
v

-~

I
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HORMONE PREPARATIONS -

\(cyste:me HCl (mg)) ’ GIH Research Un:Lt Chemlstry Departnent,

.Karolmska Instltute, Stockholm, “Sweden. )

and 0 5 ml/hr to the .mfant feedlng tube and tail ve:.n, respect:.vely. e

.- . Wlth the series 975 the 50cc syr.mge and 5cc syringe are

PR

'attached to the 1nfant feed:mg tube and tall-veln cannula.

respect:.vely.‘ Th:Ls pump J..S set a pos:.t:.on 22 wh:.ch glves 2 5 ml/hr.'

an& 0. 5 ml/hr to the duodena1 flstula and ta:.l ve;m. respect:wely.

Y

H ’ Lot

ot .o

' Materlal LT L : R ‘ T g
'Pure natural secretz.n, 75- cllnlcal un.l.ts (U) per ampoule

4

-

D All'solut_iqns are made up‘w;tth (_).85% sodium chloride. Six

‘doses are used. . ST
© 025w 2.0 U .
0.50°U v 3.0U
S ¥ - »
1.0 500 -, ;

Synthet:.c secretm, pentaacetate, (whlt ’ lyop‘ull;ed powder)

n

Research Plus Laboratorn.es Incorporated, P o Box 571, Denv1]1e=, low
. -y ' -

' m,crogram‘ aﬁxouhté‘of the 'materiai' are‘weighed:ovit. using the Cahn,', .

electrobalance. Research Plus quotes an - approx:.matlon of” 3. 5 cl.m:.cal

.BA

';'un:.ts per nu.crogram of synthetl\c secretln.l Thus, us:.ng the " appropr:_ate

amount of 0. 85% sodlum chlonde, six doses are made "up. .
- .

P L ST 1

0. 25 v . . 2.0uU°
" 050 U S NN )
1.0 U o : 5.0 U

N Vasoact:.ve 1ntest1na1 polypept:.de, ‘1 mg of the 1yoph1112ed ’

powder wgs a glft from Dr. V.. Mutt " GIH Research Unlt Karol:mska

Y
Tt

. PR
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I',nstiti.lte, Stockholm, Sweden. ‘ R -

Mlcrogram amounts are welghed out us:Lng the (Fahn electrobalance e

L . .
and dlluted w1th 0. 85% sod.mm chlorlde to obtam two doses-
Colwg T e .
0.5 . T o S
Each dose was freshly prepared prior “to administration. The

P s . . .o - O

" solutions were given intxavenously via the tail“vein cannula‘as a-1 @ -

[

Ty m1 bolus or .ag a constante -i‘nfus:'g._on;"' : T M .

BALANCES B L

-

-é)' Top-pan pre0151on balance 2250, Sart¢r1us, Sartdnus—Werke,

Federal Republ:.c of Germany. -

ﬂ]_a)T Top-load.mg electronlc analytlcal bdlance, Mettler« A30, Mettler
] ; . )

Ir{struments \AG . Greifensee,. SWJ.tzerland.

-

_¢) cahn elect,rbbélance, 4100, Cahn/Ventron Corp_,, .Paramount,’ QA; :

U.S.A.

' _,LYMPH CO‘LLECTIOH. L

Mater1a1 Co o

" .

sod:.um o:.trate, Flsher sc1ent1f1c R r

. Me thod

Coe

All 1ymph is’ collected 1nto pre-welghed c1trated v:.als. After'

’ each collectlon the’ v1a1 is welghed and frozen-' All welth.ngs are

~
,ﬁ’

‘ done on the Mettler A30 balance. Lymph volumei is’ dete:cmlned by

‘%

‘ welght u51ng a spec1f1c grav1ty of 1. 000. -

" PROTEIN DETERMINATIONS

’.
“ 1) Biuret Assay = . - °. ‘
- o - . - o .
-l : Nl
. \
e ! : . ¢
. \ -
- ' \ ' . }
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(it P aers -

L nalgene (16 lmm % 79 Smm), Canlab.,,- /] _

LT Rl e T T
-“ ". /\(. . . - . - )
f ) - ’ .

hqvn,ne serum album:_n, J T BaJcer Chenucal Company. : T

.
| .

B:Luret Reagent' o . S - X
‘A stock solutlon of bluret reagent con51sted of 45 grams of

-

) sodlum potassmm tartrate 15 grarns ‘of copper sulfate, 5 grams of

~

potass:.um 1od1de a.nd l llter of- O 2N sodlum hydrox:.de. A stock

solutlon of a].kal_tne J.cda.de consasted of 5 grams of potassnm\ iodlde

8 grams of. sodium hydro:/ude, and 1 11ter dlstllled water. A 1 liter =

-

workmg solut:.on of Bluret s made by mxmg 200 o’ of the bluret

i
stock and 800 ml of. the alkal:.ne 1od1de stock. -

'a) Centrlfuge tubes o - ot

round bottom ,"oak r:.dge" type screw closure, polycarbonate, B

‘“

"

"b) -_Ultracentrlfuge o fo o o ,
C 'pecknlan‘LZFGE;B ultxacentri fuge, _Bec];ma;j» Ins‘truri'ents AInc. ',\ ‘
b - - . . ' e . . .
.65-'1fi jro‘to.r'; AT o - /, T s L
e ’Vortekt . | v

_Genie, Scientific Industries Inc., Bohemia - ‘ . o

d) Water bath ~ .. = L. p I
Iﬁermolyne, Sybrow Corp.
‘é’). . Spectrophotomter .

Unican SP 1800 ultravioletxspe?:trophotometer, Pye Um.can '
Method ) - . '. . _
. N \ N

R Each v.1a1 of lynph,once thawed, is d:.luted to 5 grams w:.th 0. 85’&

. “sodium chlorlde. .- The sa.nple is then transferred to a centrlfuge tube

I .
and/ spun in . the ultracentrlfuge at an RPM of 40 000 and temperature ,

range of 4 ~ 5°C for one hour... Then, the supernatant layer of

b




Cs2h-

e

'chylomlcra 1s removed w:Lth an: asplrator. One mlllhter of each

- sarnple 1s placed in a tube ‘to which. 1 ml of, hluret reagent is added

°

. ‘All samples are done in dupl:l.cate/ Each tube 13» vo'rtexed.and placed

‘_'in't,he»Wat,er bath. .. The tubes remaln here for 30 ‘minutes at 37 C and
‘are then ieft at room temperature, 28‘C for another‘ 30 minutes.
. - . Ve N

" To obtain a standard'ciurve four concentrat:l.ons of bovrne serum
albunnn are used l 5 mg/m;[ 'I‘hese are treated exactly l:.ke the
”prepared lymph samples. o T

After stand:mg at room temperature each sample is read aga:l.nst

a-, 0 85% sodlum chlor.Lde blank in the spectrophotometer at a wave—' "
Y N ‘ . . . N
;length of 555nm. _'I‘o fJ.nd' the proteln concentratlon for each collection

the opt:.cal dens:Lty readlngs for the dupllcates are averaged and the .

;correspondlng concentratlon read from the Standara curve (F:Lg. 4 ).
2) ‘, "Bio—Rad" Miqroassay . e LT e

. Mate'rlal .

e . g .

Dye reagent concentrate, ‘Bio- Rad Laboratorles, Callfornla
'ﬁ\, ”

o
. r

Proteln Standard Solutlon (5 Og% Human'l\lbumln, 3. Og‘k Human

’

N . . . - ‘

' Globul:f (garnma)) , ,Slgma Cherrucal Company-

/"4 Me tl‘_} d

‘%

' One: mlcrollter samples are obtamed from each lymph collectlon :

‘ ‘taken durmg the steadv—state expenments. -To obtam a standard curv,e-

s e . ’/."

s ' s

’5 -'.‘ 20’ug/m1 Everyth:.ng lS done 1n dupllcate-

To each tube 0 2 ml of concentrated Blo—Rad reagent is- ad@ed-

‘ The tubes are vortexed and left at room tenper‘ature for 20 m.mutes.l-"

E Optlcal dens:.tles are obtalned usa.ng the spectrophotometer at a wave-

¥

" length of 595nm. . To find .the proteln_c'ong;ntratlens 1for each P

L] o
. v m -

four c‘onc‘:entratlons of standard/human serum prote:.n solutlonj are used: .

e i

e e m b
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IcollectJ.on the- opt:.cal de:ns:.ty zeadlngs for the dupl:x.catc are averaged . 7

Vs R - - [ .
,and the corrcspondmg concentratlon read. from the standard curve

. (Fuf 4 ) K
] g POLYACRYI.AMIDE GRADIENT GEL ELECTRDPHO'RESIS ] .
. N .‘ o s C B (- A'.- .,‘Yo*“ X
: Mater:Lal ’ ’ ’ - o e s

»
polyacrylam:.de grad;x.ent gels, PAR 4/30. ‘Pharmac:.a Canada Ltd., . .

,Dorval, Quebec, Canada-

Pha.rmac1a electrophore51s apparatus GEﬂ-' .

Pharmacla electrophores:.,s/p ex supply. EPS 500/400

Rty

flxative 9 3: l d:\.stllled‘ waEer. ) methanol- 'I% acetlc acid

0 l% Cooma551e Brllllant Blue R-—250, Eastman Chenucal Comﬁény

BN .o . - s . v

, Thermo-Shake bath Forma S«’::J.eni;:l.f;,_c ‘ -. . Lo )

: : ‘Method I _,. ; L . S L

; | | The PAA 4/30 gels are placed mto'the ge~1 electrophore51s E ] - :'. . J
- apParatus GE -4 11. AA pre-run is Qoue e’c 125_ vql_ts’for 20 mnutee. ./ N

s '- . . . N

0 " ‘ ) -The 9ul ;samples of.eéch; 1ymph coll:ecti'on are' a'pplie'd to the‘ els—wit .
“ C - Lo -the atd of an Eppendorf dlspenser/P_te-ele%jtrophoresz_s is done for 20- ' .
o ] ; e ) ;

8 /._ . o

-
-

Sl T 'm.lnutes at 70 volts* and.- electrophores:.s is done fox 16 hours at 125
L VO&S. - s " ’ . E - " . - R o ' . 3 . ,‘, )

Gels are removed from the electrophoresz_s apparatus and placed in
k)

-~ . -
a Petr-; dlsh thh fzesh flxat.rv_e for 1 hour. . 'ﬂle gels are’ stamed mth
. 0. 1% Coomass:.e brllllant blue 1}—250 This is’ done by~ fllllng the Petr:. ‘

o . ' © . dishes w1th the stam and p1ac1nq them on the Thermo-shake bath at a -

V".slow speed for 4 hours. 'The’ gels are then destainéd with °7%‘acéti.'.c '

. L ac1d The solutlon 1s changed three tJ.mes.i after 1 hour, afte’r 19 © L . 4;

. . _ houys, and after 20 hours when the gels are ready;to be scanned

. - o - . . : ' e, . .
) . L. ) ) . .. I 1
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sat:.sfactorlly. :

ard was hlgh molecular welght Pproteins -
o ' R ¢

. ncludmg thyroglobulln (669 000) , ferr:Ltm (440 000);. Catalase -

9 ‘.
. '

(232 000),,~lactate dehydrogenase (140 000) and a.lbumm (67 000) . : T )

POLYACR‘!LAM.IDE GEL ELECTROPHORESIS ',;. ', R RN o =
Electrophores:.s was performed w:.th 7% polyacrylamlde gels ’usmé .

the pH 8.6 buffer system of. ashton and Braden (1.961). 3 = : S

© Two " 1ymph samples were ruxvll \ a control semple éfrom the pre—secxle,t.l;n(y "

"

collectxon and a sample frorn the post-Secretm collectlon.' N

DENSITOMETRY . A T

Materlal ] o P s - .o . b ’ . Il e
Dens:.tometer, model— 150, ‘ Corn:mg, Flsher 5c1ent1fic- : Sostt
\ - . o 9 . [} 1 ) .'\ . n - B
P s . '-\' o C
Each qel 1s placed 1n the scanner module and scanned _ the results )

recorded gra.ph:.cally. _— ' , . e

. L . . . - - \'

»' - In order to f.J.nd any changes in relatlve concentra.t.LOns of varxous

prote1n5 that may have occurred quantxtatlon is done as follows.' on s Y

", ‘@ach-~ graph six regularly ldentlfled peaks (Fig. 5) are cut out and - o

oy ) ' .) L ) ’
welghed on the Mettler A30 balance. The 1argest peak albumn was R

0

ass;.gned a wvalue of umty. : The area of each of the other fxve peaks B {‘ }

%

is expressed. as-a ratio relative o albumin. -'I!hese ratlosare examined .’
N * s . * D N ’ . e : - LI . . -
in-each lymph sample and compared. . - ... = ' .
’ ‘ L - - T -t -7 § . ‘?' ‘.'
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) . - 29 - .
3 d o - ) - :
- ) . . v o . /'. . N v ! W L . M "
R s',s'm-ms-rxcs S S R P ' . T
e 'l‘he curves’ Of flgures 12, 13 15 and 16 were calculated on the SN
AT R ,‘N : - 2 . i . P . N .
Sy St T polynomal equatlon of z = a ¥ bx + CX. where . ’ .
vy . \ ' . . . . - s ‘) :
T e = change in 'lymph floﬁv or protei_..n 'output' ’ o .o .
N W . L °r e N | B ’ ' 'o'\ : EFRE ' . : T
e .+ . x,= dose of hormone used . : RS o , -
= N - - o . R D w’ o, ! . _" : . U . . .‘-.v !
2 : : L T P
-_.x,=square of the dose , N U R
" ST The regress:x.on coeff1c1ents between equatlons a.re compared w:.th '
el “Student s t-test at P < 0. 01 for s_1gn1f1cance. ‘-This' level 'was-c’hosen,fn A |
.}F . C e :'. S . . ) . o . N “ "
St e to compensate for multlple test:mg among equatlons and prov:.ded at ' 5
. - ) N , [ Lo~ ) . q .
: -léa.s't; 95%, con_fid_t_anc.e"for all tes'ts' ix_1: the experiments.' ‘ ‘ ’
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~ o a1l the éx'p'_eriments were concerned-',with' the .ef,fect»éf'
L ' . ‘ s o K :

N

"experiment'al"man;'.pulétioris'upon the biological System, not upon each

- individual rat studied. .The experimental manipulations are the

'

“.tre"a_tn:\ents', either doses of vasoactive substances or 0.85% sodium '
vqh‘llqrj:_de {control) . [The result of each treatment is -the response .. -.

whic"h ‘may (')rll‘nay no{:, be a lilleasurabl.e. change in’intést_ina‘l 1ymph flow

_and‘,pr'ott_ain output. . . . o S

. . - . . : N
. ' ! -y
' 4. R
a
W .
‘ T /.
.
: - 8 I
o [ g .
' . :
- N .
. . .
v ~ -
- ) .
‘ . <,
‘
N ) 'Y
) B .
“ S a 1
. a .
-
.
. . P
ot Fuos
» - . <
B .
. h e
o . )
o | .
B -
. >
f
”
- LI
. .
3
; .
’ -
i
y .
- 4 -~ B
,{ N
g
I,
N - -
e v .
e ' h : . 0 )
e i
. ;
. . ;
. »
. v -
. \. » | . -
FES s
~ :
f
. -
N
\ -
B .8 ‘.
& ! :
t
a ;
- - 0 .
- v
s N {
Al »
.
5
| .
'
, .
- ’
. ; - .
- - 5 -
, v
..~ A .
= -
. £ t e
— .
: i
: I ..
co ; - ..
. . ey s B e e o a4 A
. . - i "
. . e R - 14
~ e s
. - v X i s

T R

Fempins

o armd R b i P s L . 08

i O b et S Fh i Py




el 4 e

o i =

~ ‘“‘DESIGN 1 ';»;a-'f." e C f‘ T 1»,

T . .
All collectlons are taken from the 1ntest1na1 lymphatlc flstula .o
:Lnto pre-we:.ghed citrated tube’s. -Each collectlon 15 twenty m.lnutes 1n:'
. o ‘
duratlon. All doses are 1 ml bolus 1n_']ectlons glven J.ntravenously via-

Pyl

© the tall—ve:m q;-mnula.‘ For each an;,mal a nu.nlmum‘ of four collectlpns . Co 3
,establishes’a baseline.” o -

- . . ! . . ' “ t
f .

- -
L

admi'nilste‘red. in fhe following oi:gler: el u/ml, 0'.2.5 U/ml, 0.50 U/lt.ll,‘ A

2.0 U/ml, 3.0 U/ml and 50 U]mlt Not 'everyvanimal'rec'eiv'ed all six

“For both natural secretin and synthetic secretin the- doses are = - -’ . ' I

P

" S w0

doses, .
For vasoact:.ve :mtestlnal polypeptlde, the 0 lug/ml dose was

¢ admmlstered followed by the 0. Sug/ml ) ‘_ _‘ o S ' o
- After each 1n3ect1on four collect:.ons are taken. jAjte:.;-the
con'(:ro.-l 1.n3ect1on tiwo clollectlons are taken_.-

For each sample the volume is, deter_m:ihé‘d as described and the s

_protéin concentration is 'dé‘tear_mined‘ using the biurét assay. . A S

BESIGN 2 - - oo T T e ;
A' rat with‘ its intestina/l '1yrnphati‘c _fi‘stula is placed at.a.} )

-~ . . I !

posltlon such .that the cannula is hanglng over, but not touchlng the

1.

'(Metg:ler «A30 ba‘lance. A pre—we.tghed cz.trated tube is placeu on’ the
‘balance and’ the. inst'runxent»set at zexo.‘ Lymph 'is';then_collected from', . o

[

the cannula for llo'minutes prior to ahd 20 minutes after a 2 U/ml dose

of natural secretin is’ given as .a bolus int’ravenously.via the tail- " . o

\iei'h.. Throughout, this entire perlod the tube is set ‘to zero on the

balance after each 30 secona 1nterva1 and the welght read.

) . - > K . . ' : S N ) ) ')i_
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DESIGN 3/ - ’

" A'rat i‘s_s.et'up".as in desigﬁ 2. -During th:Ls p’rooedure two

~-mirruté;coll‘:-_"ct:ions are'takéri. After each collectlon perlod the welght

15\ read and the CLtf‘a*ted tube is. exchanged for another whose we:.ght
is B\et to’ zero.", ST - :
- R | ' L] o . : . . . .
. ‘- 'I‘hree baseline collections are taken followed by a 15 minute

i,

1nfu51on of 0.85% sodlum chlor:.de dunng which elght collectlons are . -

v -
.

‘.’takex‘). Post—-lnfu51on another fJ.ve bollectlons are taken. Nex’j: =

..netixral secre,tin is-infused for 15 minutes at a’ rate of,o‘.25 U/mir'\.

'during‘ which eight colleotions,ere, taken . :gos_t-‘secret;in collections

are taken until -béseiine' valus are reached, \‘isua;'ly.,_‘about"éixteen
collections. _ N S L .

" Infusions are given with.a Harvard pump, . sexies 940, .set at’
8 ' ' C

,position 7,with a 30cc syring’e."e : C '. S

All sanples are dlluted w1th an equal volume of 50% sucrose,

-run on polyacrylam:.de gel electrophoreSLS as descrlbed above, and

'fscanned w1th the dens:.tometer.. Fmallx the prote;.n con,centraj::.on,-

of each sample is’determined usAi‘ng"the f'Bio—Rad" "nﬁ.croa'\‘ssay-
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Figure g9 . N
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) ' An analysis.of the effect of 'secretin on intestinal lymph flow oL
S .+ ' -in the rat. A 1U/ml bolus dose of secrétin was-.administered 7 : Lo
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The lymphat:.c ‘system’ commences with t}Ye :Lm.t1a1 lymphatlc capll-—

<

larles wh:.ch drax,p\ the 1nterst1t1al flu:.d from almost every -organ and
C : e
tlssue assocrated w:.th blood cap:.llaries. From these 1n1t:|.a1 cap:.l- L

i ’ 7

i e T 1arles the lymph trave“1s umdz.rectronally, due to the presence of

.9 -

v

valves, to elther the thoracrc duct or the rlght lymphatxc duct whrch

- - join to the blood vascular system via the left ‘and r:.ght subclavran

. ’ o L e
PR veins, respectively. Co - o . L

_ T [ vo oo
L . S Generally, the lymphatic vessels of’ the lower ext'remities. pelvic

. - -
1 o T

»

and abdomlnal regions dra:m into the c1sternae chy11 th.ch, al()ng with
! N - - v ° .

¢ - - - .. - lymph vessels dra:.n:mg the\ upper 1eft s:.de of ‘the body, enter the -

S thorac1c duct. Lymph vessels dralm.ng the upper rJ.ght s:.de of the body ‘ .

o j"'_ - enter ‘the r:.ght lymphatlc duct. , ¢ e P R
. , ‘) .

3 ‘_ . S Of partlcular mterest to thls study are the 1ntest1nal lymphatlc

~

e Vessels th.ch as part of the abdommal reglon dra1n 1nto the crsternae
ot chylr and ultlmately into the thoracrc duct. It 1s the mam Lntestlnal

o

lymphatlc vessel which is cannulated in. the present study, the lymph

collected or:.g‘lnatlng only from the J.ntestine (F:.g. 6).,

3 DR
'rhe J.ntestine .'LS ‘attached to the posterror abdonun‘al wall by a P

1

double layer of mesenterya It is. m.thln thls mesentery that the : y
B i o to- [ . ‘v) ' T
: 1ntest1na.1 blood vessels and mtestmal lymphatlc veSSels are: found. L ,’ s
' % { P , Supplylng blood to the small 1ntest1ne 1s the superlor mesenterlc S
i
f

'-artery. Thls artery orlgznates from the aorta and branches :mto

I
T, - §

. smaller artenes dlstr,xbuted throughout the mesentery of the small
) A - h . \ M . n
T N :lntestme (Frq. ?,A). A cross—sectmn of the small tntestme reveafls.

. Yo . Fe
. .

s B
4t e

i
N i

unique ahatomy _(P‘Iig.. 7', Section’ .A—-A) . 'll‘he_. rnper mucous mem)_:grane Ls.made .
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up of many folds known as- v1111 (Fz.g. 7, Sect.lon B-B) .' 'l‘hese villi are

«

outgrowths of the mucous membrane and are flattened and leaf-shaped in

the rat. Functlonally, the v1111 lncrease the surface area of absorpt:.on

—

from'the lumen.- Hxstolog;cally they are lmed wlth a layer of smple :

'columnar epl.thel:x.um cells (Fig. 7. Section C—C) These entemcytes - T

. . . 3
RS 4 13

"‘-.B—B) ‘ o . Af P . _"(‘:.:'_'1'. ‘ ,._ Iy

',;respectlvely. Much controversy exlsts concernmg tha.s blood supply...,

‘ 'are the absorpt:.ve cells whose, surface area ls increased by many folds

~ , cw ] N

,called m:l.crov1,11:|.. These mcrov1lli pro;ect vertically J.nto the lumen

further :n.ncreas:.ng the absbrpt:we surfaceap

',the intestmal merocxrculation is chiefly to be found (F:Lg. 7, Sectxon

LN Ve

It is withln the Villl that

Lo e . - :

* "rh‘e _network of arteries and veins within the villi are branches of -~
‘the §uperior‘mesenteric artery and .superior mesehteric vein; ‘ .-;
' . . .

Y » '

_ 'l‘wo proposals ha.ve been put forth One« suggests that the blooq vessels .

. i
“in the mtestinal wall are- in series (Ross, 1971: Greenway et al. P 1972)

whlle the other suggests the blood vessels are in parallel circuits.

K 'whn.ch is called a lacteal. 'l‘he lacteals were discovered by Gasparo.

(Folkow, 1967‘; Lundgren. 1967) - Th:.s ques(lon is not yet resolved. thus
the nature of blood flow redistnbution 1n the g'ut wa11 remaus a matter .~

of. apeculation. '_ L _ Tl ST

.

Centrally w:.thin the villus 15 an intestmal lymphatic capillary

~ - b

. ) v

Aselli (1581-—1625) These initial lymphat:.c capillaries are bllnd—-ended BN

PR

‘ Joining up wlth large J.ymphatzc vessels to form eventually the ma:i.n

i

.intestinal lymphatic vessel._ B _ . a L

B

Functionally, the lymphat:.c systeip has three roles. 'I'he primazy

[t . O N

role is to return excess tissue fluid and prrotein der:lved from cap:l.llary

f\::.ltrat:l.on. ’ It also have an J.mmunological role producmg and distri- o
. PO 5, .o v ' R X . : Y

l"b Lo

¥
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. memhrane. However, ‘ each endothelial cell conta:.ns ves:n.cles. B Between R
" the cells! there are large mtercellular gape whlch are: best.seen- when_' e
& R 5 VAR
t:he ve#sel is distended. When the \cessei is collapsed .the lymphat;]_c SRR
endothelial cells overlap or interdig:.tate m.th each other. S o e
R 4 A“ - . ‘- ;.' - o ; . '
N - ) ’ . ‘ ! ' ’ N ) -‘.." . i . ﬁ ~ .
D' ’ RSN ‘\ . ' N 1 ‘.'M"‘ » 2 '-r~ . .
! Ve vt . e .
v \ ' ; 'k" ¢ -: KPR
/ - g , ' '. .'..,:l; l“ : ’ Ry ,_, o7

. caplllaries haVe fenestxatxons th.ch presumably act: as p‘
s channels for filtration of flux&s dnd SOIuteS from the blood to the S R

. interstitium . . S

", elsewhere '(Yoffeyw& vt:ourtz.ce,* 1970)'

i . ' F: °
‘v ' e
) _84 -‘~ . ) . . ",I. R . .:'.
b“t-‘-ng lYmPhOCYteB. “and acts as 'a defense mechanism for the body aga:.nst;
14

1nvad:mg organisms. ‘In addltion, the intestinal 1ymphat1cs are - '

vl R
responsible for the ahsorpt.xon of dietary fat along m.th fat—solubl.e _
. ' Tt
; vitannns and other lipophllz.c compounds. _ ;% e '

) It: is the microanatomy of both the mtestinal blood capillaries and

the mtest:.!nal lymphatic capillaries that is important physiologica]_ly '. .
to the present study, : L T v .
se : ' , U ‘ n‘

: The inbestinal ‘blood capillaryfwall is a. s.Lngle enc]othel:.um 1ayer. .

Th;)is endothelium is made up of continuous flattened cells. Wxthin the

3 . '

the cytoplasm of each cell are the~ usual cytoplasmic structures including

nucleus. mtochondria, and Gong. apparatus. The wall is surrounded by
'-l
‘a ba.sement memhrane -which also encloses an associated pericyte UnlJ.ke

some blood capillar:.es, the intestinal hlood caplllﬁries have only a few
S

ves:icles, which are spherxcal in . shape. As uell -*the :Lntestinal blood

A—"o‘.‘..s"'rsu ~x ”' L
e.t.eemhl D

s - .u,,a 3 33 . R B
b1 ! s 7 'i“'v o't -

I e » a
4 q N . N > ., -
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. se 1*

boo ol L . .-
'l'he ‘initial' lympha.ti.c cap:.llaries are lined by flattened poly— i

gonal endothelial cells, the. only true component of the:.r walls. They

1 » i’

', vary in thickness from 6um’ in the nuc'iear reqion to as. 1:|.tt1e -as 0 lu:n

. . . ..
- . L / -

\

capxllaries they have no feneetrations and a poorly defa.ned basement RS

-

Unlike the intest:mal blood -"-‘ "’ ‘ ? ot

B
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~ . . . - . -‘".

i
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N ’I‘here are 'anchormg' f:.laments vhich' connect the lymphatlc o

,caplllarles tcr surround:.ng connectlve t:.ssue. Leak et al.. (1968)

Y N

suggested that these fllaments maxntam the £irm \attachment of the

. lymphatn.c ca.p{:zllary wall to the adjo:ming collagen :EJ.bers and cells of

a

the con.ﬁect.l.ve tlssue area. 'I‘hus, an J_norease in 1nterst1t1a1 flu:.d

» b N )

) 'would pull the f:.la.ments causmg them to pull the~ endothellal cells apart

formmg gaps and w:.dem.ng the 1umen. The bulk of absorbed materral. lS

r

thought to’ enter the 1ymphat;Lc caplllarles by these gaps. .

s

o The bas:.s of, 'Starlmg s Prlnc:.ple rela.es on the fact that blood: '

.r

'caplllarles are seml—peméable, ‘that is although they are permea.ble .to S
‘a N

'\

£ 1u1d and crystallon.ds they are relat:.vely J.mperm,eable to plasma pro-—

'-ftelns.\ In contrast, the 1ym_phat1c caplllarles which lack a basement

~menibra'ne . are very, permeable to’ leaked plasm_a prote;n. K

Te

.

'-"'Besides the walls of 'the. intestinal. blood 'capillar:i.es' and the

‘ _lacteal one has to cons:.der how' much of a barrxer tbe 1n..erst1t1al

e matr:.x-:.s; Guyton (1976) showed that the 1nterst1t1al space of tissue

1A

is not merely an amorphous mucopolysaccharlde ge.}. ‘but is pemeated hy

channels through wh:.ch :Elu:.d can move w:Lth 11ttle :;.mpedence-‘ .' c ‘ "
J o

Physmloglcal Background

-
[

As d:.scussed above flu:.d movement across a cap:.llary wall 1s due to

N

both Sta*rllng forces and the m:.croanatomy -of" the capllla.ry From the

‘ prevmus dlscussn.on of the’ mlcroanatomy of the v.1111 it can be concluded

o r e

'that the blood capxllary is relatlvely mpermeable to plasma protems
' ‘whlch have leaked out. If these plasma protems were not removed from N

“* the 1nterst1t:.a1 tissue Starllng 'S :Eorces would be unbalanced and flun.d

A loss would not be opmsed. These plasma prote).ns are removed by the )
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- lymphatlc caplllarles Whlch ‘are more permeable t°l1an the blood capll—‘

laries. . The nature, of the forces determ:.m.ng uptake of flllld and solute

-

‘ fby lymphat:.c cap:n.llar:.es is ds yet unclear. S . ,'f - B

:n.

The basic concept of 'Starllng s Prmcxple J.S a balance of opposing

forces across caplllary walls. 'I’hat is, the d:.fference between the

hydrostatlc pressure of blood and the hydrostatlc pressure of the .1nter—
. _ ,

Stltlal t:n.ssue fluid is opposed by the dlfference between the colloid

osmot:.c pressure of blood and the COllO:I.d osmot:.c pressure of the

., o
1nterst:|.t1al flu:.d ~ When the dlfference in the hydnostatlc pressure

- .

. 'exceeds the dlfference in the c01101d osmot:.c pr ssxire, the net effec.t .

‘is an outward flltratlon from the blood to the in : €itium Generally,

“‘th:s.s occurs at the arterial end of ‘a- blood vessel. Conversely, if the

K dlfference :m the hydrostatic ‘pressure J.S less than the dlfference in

r/'

the c01101d osmot.lc pressure, the net effect -ig an 1nward flltratlon or
\\ N

2 absorption‘ fxom 'the ihterstlta.um to the blood- ‘Generally, tlus occurs'

2

" at the venous -end of the” blood vessél. In addition to these forces one '

also has-  to considgr the su.rfacé area ayailable~for" filt'ration' as'well .

" as the number of pores per un:.t membrane, along with the:.r length and’

1 :

l' ' " R v, ' ' . ’ ':,'

'

' radlus .

Although ‘the collo:Ld osmotlc pressure in the blood caplllary

»
t

rema:.ns fairly constant, the hydrostatlc pressure is reg'ulated by
. artenolar tone and by the state of the pre-cap:.llary and post— ~l -
| caplllary res:.stance vessels whlch control not only blood flow but the

hydrostat1c4fressure w1th1n the vessel. LTy ,
e . As for the forces .respons:Lble for lymph formatlon, they can only be
{-.-‘ L o
) speculated upon.. The J.nterstltlal flu:.d pressure is thought to be

o

. LN R
cim o s e ¢ et e 9o b P SR
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:meortant 1n the formatlon of lymph but c01101d osmot:.c forces w:_th:l.n the

) e

" lymphatlc caplllary ‘have also beeh proposed as respons:.ble for the uptake

2 L - .. of fJ.U.ld _mto,these-vessels. Th1s»question_needs further investigati‘on-
) . » ) N ! et y - . K . .

The control of gut blood flow

EES ,A_'. LI

'I‘wo smooth muscle structures of great functlonal :.mportance to the

. : mlcroc.x.rculatlon of’the gut are the arteriolar wall and the pre—capn.llary
: Sphlncter. It is the artenolar wall which 1s the major regulator of .

oo resistance to blood flow., As. the mesenteric -¥ascular re51stax'xce

N
-

. . ,
Ndec‘reases;, 'super:l.or mesenter:.c.blood flow increases and v:.ce 'versa.. It

is the pre-cap:.llary sphincter wh:.ch determ:.nes whether or not J.ts

: g
'ca'plllary Wlll be perfused thh hlood. The tone of the post—cap:.llary
' venous vessels also inflheneés-‘hydros’,tatm pressures w:.th:.n the
cap:.llary as well as fluld movement across the vessel

- . . -
.

L S Postprand:.al hyperem:.a représents the :l.ncrease J.n gut blood flow

‘.4 o P s

followi'ng a meal. The 1ntroduct1on of food orally, 1ntragastnca],1y, ox. -

I : : T

:mtraduodenally CEUSES« an augmented ‘gut: blood flow, see. fqr exan@le, '

i - . Fara (l972). The mechanisms causing thzs postprand:n.al hyperema 1snnot:

completely understood and has been postulated to be neural hmuoral, or

P a . (
. T . ’ R G
: - comblnatmn. , AR . . o .
L] ’ f ‘ B - . . . . . <
' Vasod:.lat:.on gan be def:.ned as an increase in the cross—sect:.onal

’

: ‘ : J_ a, comblnatlon of these. As dlscussed above, it seems more llkely to Bé

area of blood vessels due to’ the rélaxatxon of vas::ular smooth muscle.

. . . . .

‘This’ re_laxat::.on is probably a result of an -:.nteract:.on b‘etween, active’
dilation and‘inhibition of contractior'l;‘ C . . D

- _' . . »
[T : Y * . B : .

o , 'l‘he neurogemc cOntrol of gut blood flow mvolves the autonomlc

Pl R
- n'ervous system. Genefally, the smooth musc‘les of all blood vessels o
. except ‘the’ cap:.llar:.es recelve a sympathetlc 1nner4vat10n, these,
VA S ". e

| e e et A 7 e ey ey
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’ "vessels there :.s a dense supply of aﬂrenerg:.c flbers w}uch cause vaso-’
‘the parasympathet;c th.vuuon is very l:umted w:Lth respect to the gut
'flow. Further, he found no ev:.dence that the vagal nerves carry any

. parasympa.thetic Vasod:tlator fJ.bers to the vessels of the small 1ntest1ne.
'-Overall, 'J.t seems that the autonomic nervous system has a minor rale :.n

. gut blood flow except in "f:.ght or fl:Lght" 's:.tuat:.ons.. A neutogem.c

'u.nllkely. e _“ S N . “

*secret).n and va{soact:.ve mtestlnal polYpeth.de. e cooTa T s

'-preprandlally but not by alpha or beta adrenerglc blockade or b:.lateral

. vascular response.\ -He speculated tha.t the blockade 1nterferred w1th the

" releaSe .of the’ 1ntest:l.na1 hormones. ‘Subsequently. he obserVed thaﬁ . , .

',adrenerg:.c flbers beang vasoconstrxctors. w:.thm the mesenteric blood

‘:.constra.ctlon on stlmulat:.on. 'I'he 1nnervat:.on by cholmerglc fibers from . A

~ [

‘-blood vessels. Kewenter (1965) demonstrated that vagotomy fbllov?ed by

p -
~

-'stmulatlon of the vagus nerve does not nodlfy superlor mesentenc blood e " "

r .

i

v
K

mecham.sm solely respons:.ble for postprandial hyperemla therefore seems

4

. .
o -
a . . oL, - . f
. .
) : et

As dlscussed prevn.ously, a number of vasoactive gastro:.ntesti’nal o . ”_ :

5 » et

hormones which have been Shown to be released} follow:.ng a- meal have been L.

v ‘ ‘

.postulated as be:mg respons:.ble for the increased blood flow Jncludlng e

S R
- M : I
‘In 1970 Vatner observed an augmented mesentem.c blood flow :m -dogs .
. b

AU

follow:.ng a meal whlch was, blocked by antlchola.nerg:l.c agents admxnx.stered

‘ T <, . I
. ° N

.

LR s (’ - 4."

?thorac1c vagotomy.' Fara who showed. sim 19'72, that J.ntraduodenal corn

. . " 0

oil,. L-phenylalam.ne or - hydrochlonc acld :mcreased superior mesenterlc

o

blooﬂ flow, also demonstrated that vagotomy ox atto;_'u.ne blocked th].s

* a < ..

R - e

'J.ntrayenous secretm and cholecystokinnzn caused mesenteric vasod;\.latlon

Sl .o R 1

s:um.lar to that caused by the J.ntraduodenal agents, this' respo‘nse not .'c

L

' be.mg affected By exther vagotomy' or- the pharmacolog:l.cal blockers. : Ros's' T

..
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-these J.ntestinal hormones. . Do . PR

. See- L

. . K '_- . - . . ' .o . s
oy L e . - R

(1970) had prevlously observed that the mesenterlc vasod:.lation caused
by exogenous secretln was unaffe.cted by the prlor adminxstratlon of

propranolol or atrop:.ne and by cutting all the vis:.ble nerves accompany—

-

ing the mesenter.lc artery. 'I.‘hus, it seems posslble that feeding releases o

- 3

the vasoactive effect on the’ gut blood ivessels ls a direct result of
-' - / . . ' ) . v ) ) _/ . .

a 4
0

¢ : , ' [ . g l. - Lo
The -iaea of gaetrointestinal'hormones hav-ing’a local or--v'para-

-
-,

crine' 'effect has long beer; cqnsidered A paracr:me‘ hormone would be

N .sl.

released from its cell of - or:Lg:.n mto the local tlssues where it would

.

e exert its effect at compa'rat:.vely hlgh concentrations. 'I‘hus, local

N £

'concentrat1ons close to the vascular Bed may be comparatlvely hJ.gh

.durmg the stages of phys:.ologlcal st:unulat:Lon in the postprandla.l state-

" in’ a paracr:.ne fash:.on.

v -.._ to

3

~S1n¢e there lS no ‘way of know1ng the hormone s rate of secretwh or

concentratlon .'Lt is dlfflcult to detenhine th.ch may be a phy51ologlca1
. .

-effect-. Currently, vasoactlve ‘mtestlnal poljpeptlde 1s thought to. act

’ : N
.3 . ‘ .

[ a

: Influences on 1nte§t:.na1 1yr_nRh flow
)

o A e

: Augmented 1ntest1na1 lymph flow can result from an 1ncreased

: fon S
] 1ntest1nal cap:Lllary 'f:.ltratlon or from Labsorbed flu:.ds from the gut o

T
lumen.A Both w:.ll :l.ncrease the mucosal 1nterst1tlal flu:Ld avaﬂ.able for

absorptlon into’ the lacteals- E 'Af el Lo 'j' -

Physmlog:.cally a meal a.ppears to affect the mechanlsms controllmg ‘

: gut blood flew that cause vasodlla’tlon._ It can be demonstrated that -

lymph flow,mcreases. following a,meal, particularly :.f there"is a '

substant1a1 amount of fat present Tasker (1951) observed this.

TR

- demonstratlng an enhanced lympﬁ\ flow in rats’ follow:mq 1ntragastr'lc .

'..—humoral vasoallator agents ‘by. local cholmerglc mechanisms Howevbr, IR

T
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adm:.m.strat:.on of OllVe 011. ‘I’h:l.s was conflrm.ed by Simmonds (1955) and

" ‘

/ .
lelm (1973) ,who concluded th&t since there iis elso an increasa in the

i

prote:m concentratlon o.f the lymph dur:.ng fa.t absorpt:.on, the lymph. must Y

be derivecl from the plasma as a result of increased blood flow to the
£ ‘.
EL R .
gut. . Fara et al (1972) demtmstrated that intravenous secret:l.n and

e . ..'
. .

cholecystokz.nin produced -a selective mesenteric vasodllation as did the

,.

,A‘

ex_perlments done by Turner and Barrowman (1978) -

1ntroductior| of fat or ~a¢1d into the duodenum of thé. cat.v

sqggested that" hormones may be the mechan:.sm by which fat feedmg

. an 1ncreased 1ymph flow w:.th a fall in protein concentrations.. Bartow- -

' a certam amount of

'l‘lus study

0 | : -

/

J.ncreases J.ntest:mal blood flow-

PO .
’ - “

03 4 . P I

'r The other route causing augmented. lymph flow ie fluid abaorption

A from the 1urnen. ¥ S:_mmnds (1954) observed that 1ntragastric water gave

L% . C s

e d

w I s v

man and Roberts (1967) demonstrated an 1ncreased lymph flow w.1th diluted

lympgl follow:mg water adm:.mstered either orally or intragastrzcally in :

| 3

unanaesthetlzed rats.

' K "

sallne also increases 1ymph flow. R . o ', .l\‘ o
e . a», . o s “" i .'ui: C

It is proposed that the lymphatn.cs adt as an overflow system énce ..,

Iy

n:s source--'— e : Lo ‘
'I"he secretin fﬁlly m IR ,";,"'A.; : R

’ Gastro:.ntest:.nal‘(hormones can be’ d:uuded 1ntp two structurally
homologou.ix families- the gastrm fam:l.ly and the secretin family.
l/gastrin fam:.ly includes gasttin,. cholecystok:.nin. and related peptides 3
such as caerulein wb;le the seeretin fanuly 1n¢1udes secret:.n, vaso—' -

act:l.ve intestinal polypept:.de (VIP), ;[astric x.rmlz.bltory‘polypeptide

. . :

(GIP), and glucagon. Aﬁ of the above hormones have been proposed as

v .ot . e -

Oral or 1ntragastr1c adm:}ig:ratim of isotoru.c

fluid accumula.tes in the ipterst:n.tz.um regardless ofj':‘

A humoral role is supported further by '

. Shs
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., i; d:.stributed :m the S—cells of the mucq:sa of the gastro:.ntestlnal )

. source of secret:.n. ,

_‘secret}n 1nd1cated that the liver . was the site of mactlvat:.on. .

W

* » ‘. e H ,‘. ".v, * ‘- N M T e u. -
N ’ . ] Lo b R . . . - . .

e

hav;.ng a role in regulat:.ng gut blood flow. ‘I'hey are all vasod:.la' ors

6

and w:.th the exceptlon of VIP selectlvely affect the spla.nchm.c c:.r u-

’latlon.,-v T S ".‘,”

- ‘ N

The pr:x.mary structure of secretin was not described' until 1966

v

when Mutt and Jorpes shoWed its arm.n,o acJ.d sequenca.. It-. has 27 amino :

.. .

. ac:l.ds (fig.. 8) and a molecular we:.ght of a/pprox:.mately 3055 Secret:.n

°

:tract and :Ls normally released by the acid pﬂ of chyme entering the\ .

|

'It was Werthemer (1902 a&b) who showed that the secretion of

S P . . €

duodenumw' - ' [;"- '

B .
.

'secretin evoked by the presence of acid dlmmished as the acJ.d was

"

‘ placed further dovn the’ small intestine and was a.bsent when J.t ‘was ;

. A

"‘3."p1aced in the lowermost sectlon of the ileum or in the small :I.ntestme-- :

-

Konturek (1972) studled the release o,f secret:.n and cholecystok:r.m.n .
o/

. ’along varlous parts of the small J.ntestlne.‘ HJ.S exper:.ments W1th dogs

.

showed that the amount of releasable 1ntest:mal hormones decreases w:.th

. the dlstance from the pylorus, further supportlng the work of

- Werthelmer and suggestlng that the upper small :Lntest:.ne J.s I:he major

BT e

. g/l ’ )
, Smce exogenbus secretln rap:.dly dlsappears from the c:.rcula.tmn :Lt

.'must be actlvely catabol,lzed : Early reports\on the degradat.mn of .

- 3

I‘.Experments by Leh:nert et al (1974) demonstrated that secret:.n :mact:.-

‘vat:l.on ‘was partly by the llVEI 3‘56! partly by the k:.dneys J.n the dog. o

“ThJ.s was conflrmed by Curtls et al (1976) who reported t‘hat the kldneys

s '

"are the major organs for the removal of secretm from the c1rcu1‘£tmn.

[

‘Purt'her, Rhodes et 31 (1975) had a.lso shown that the kidney played a .

PR D T

R e F‘.—"(—’;‘ e s et e



A
i .
e

. ) P L ‘
i ‘-‘ ‘\NJ R ,‘. R . ) R B 2
_ ¢ cor . - - .
13 - . .‘
Figure 8. ! R ' ’ .
-The amino ‘acid composition of secretin and vasoactive intestinal E
composition. - . v ¢ R . T '
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Forcir'ié Secretin- (MW 3055; 27 amino acids)

Porcine Vasoa

© HIS \ﬁgnhqj
- 4

10

ctive In

[

ASP

T W
ARG

. 21

LYS

GLY.

13

.

ALA

13

S22

LEU

VAL

14

< .24 25

15 16

- ASP  SER

 GIN . GLY -

testinal Polypeptide (MW 3326, 28

1¥YS  GILN

24 25

ASN' - SER

LEU

&

‘r

26

ILE

GLU

27

VAL NH,

amino 'a;:i’d_;i)

ASN -

18
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"phys:.olog:.cal role in the cata]Sollsm of secretm in man. In normal
'w1th chrom.c renal fallure it was 6 14 ‘minutes. Secret:m, 3.:Lke. most ¢
gastr.omtestinal hormones has a short plasma T’: as can be seen in Table
. for the 11ver to be the mam 51te of inact:.vation since secretm passmg

- 9! B
'st:unulate the secret:.on of pancreatlc 1carb9nate and water. .

" 9 n:.ne are 1dent:.cal to secretin (flg. B).. vip"- lS d:.str:.but:ed throughout

‘the gastr01ntest1nal tract in, H-cells and is :melicated as a- pept:.derglc

."19_77). I e P e

! ‘as the s:Lte of VIP degradation. Sa1d et al (1974) demonstrated an

' no phy51ologlcal role has been attrlbuted to VIP. It has been speculated
- that VIP 1s a pruniti.ve hormone-—llke substance from wh1ch the more - T

: spec:.allzed peptid% evolved (Jo]mson. 1977) .

B

, L 4 . . - ~
.

e AR S bt Pt mtbanbin s DN o R

healthy subjects the 'I"s of secretin was 2.57 minutes Whlle in patlents

c‘l’

o

Flnally, 1t would seem from a teleolog:.cal standpoint :mefflcient

- . T . ’

by the portal vein would be' mostly destroyed on- :lts way( ‘to the pancreas,

'1ts target organ. Physiologically, sthe main act:.on of secretin is to

' o BENG

In 1974 Mutt and Sald publ:.shed the proposed anuno ac:l.d sequence of
!

: VIP, ) It has a molecular we:.ght of 3326 and has 28 ammoa-aclds of whlch

N ‘,‘ . v

- <
4 -

I

:

neurotransm:.tter. Exper:unentally VIP is released by ca1c1um (Ehen.d, et o

al 1977), J.ntralumlnal osmot:.c changes (Ebeld, et al 1977), and by

. ,electrical stimulat:.on of the vagus (Schaffal:.tzky de Muckadell et al,. ' e

v

v

VIP’.‘LS very rapldly cleared from the 'irculétion ‘as” can’ be se}n in.

§ Table I, its T’: is approx1mately one mJ.nute. Such a rapld T‘: ‘might .

1ndicate a w:.despread degradatlon. However, the 11ver has beq'n suggested ";

i 1ncrea5ed plasma level of VIP in pat:.ents w:Lth hepatlc c1rrhos1s and B f’

exper:.inents by Kltamura et al (1975) and Konturek et al (1977) both,

".1nd1cated that the ln.ver 15 the major srte of VIP :.nactwat:.on. To date ;;:f.ﬁ‘
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e Why secret:l.n and VIP were studied B L Lo
o Secretin and VIP were chosen for a number ot' reasons. There i's no ) s ; s'

informdtion on’ the effect of either hormone on the intestinal lyp\ph fl‘ow

O

in t.he ra.t:. and both have been considered as possibly respons:.ble for _A . ' .
:" postprandlal intestinal hyperem:l.a. They are structurally homologous so . v 4
X i they might be expected to g:['ve s:l.milar responses 1n terme ~of uteetinal j:é:' “ i
‘ b""‘ hlood‘flow and lymph flow- It J.s pmposed\ptha/t both secretin and VIP , n ;
N Y mll increase superior mesenteric blood flow when injected mtravenously, 3 ' i
— . ’ "‘thJ_s change reflected by an increase in inteeta.hal 'lymph flow. Bowever, ~~__;—__
h ., . :4 secretin asg’ disdussed ehpve, appears to have a’ more selective eplanchnic - ) i
g , ivasodilator effect than VIP, thus its. action on: intest:.nal lymph flow * .
, R ; might be antimpated to be greater. cre ’A - - e‘-: -
‘ ’ . SRR .',.Discussion of the reeulte‘lx ' ‘ - | . | | ,
. " K ( . ‘\ - “In order to enalyze the effect of secretin :I.n th:Ls system, desi.gn ’ W
» \ =‘.\_ ' ' 2 was establrshed. ’I‘he lymph \Irolume was determ.rned after eac:h 30 sec:ond %
: mterval througgtout the experiment 'i‘he analYSiS iS shown /i“ ﬁg“’-'e 9 ’ ;
with lymph flow on the ordinate and the time An minutes on the abscissa. ‘ ‘ : ;
{' . .,'. _, R Following ten collections which esta.bl:l.shed a baseline al ml bol\:s dose : - {
DO ;: o - ‘\v/,.‘ co ;aining one un:l.t of secretin wae, administpred :.ntravenously.. In ‘ail. \ !
R . . . anlmaﬁls studied there appeared a highly reproducihle 1ag phase of S : ‘
/ L \' approximately 3 m:.nutes follow:rng thex mjection (figure 9 sho'ws 3 m.nutes, ) ; -
40 seconds)l Studies hy Ross (1970) ha.veA shown that J.ntra—arterial ' | ‘J;
i ingections of eecz'etin ca\aeeod Ian mcrease 'in superior mesenteric b1°°d /‘ A 4
; flow within 3-‘(; seconde, the effect be:.ng a di.rect one-. Thus. -intra- &
. z venoue injections should. only take the extra t:une needed to’ crrculate to ' ; |
,} -, ,:' . .. , the artery. which is very - rapid- Perhaps,a durJ.ng the three minete lag ‘ " fr
) : SR phase some nther mechanism is da.sposing of excess filtrate which is ';-’.I ‘ i .
S -
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A

o fluw wit.h saline hav::.ng virtually no eﬁfect 'I‘he amo\mt of change over
' .the baseline mcreased for each doae up to '3 units.
© X NN ,“ -
Although the sequence of doses vatied from animal to animal s they

.were not adm:i.nistered entirely on a random basis. . 'l'wo reasone exist foxf

\

oy N the choice. ) Prcm pilot experimenta with secretin it wes establ:.shed that
"‘the ltJ dosage gave a recognj.zable positive respbnse
LY Lo E

f.rom the an:l.mal.
’,} ;l;hus, the initial dos in subsequent exper:unents w.is usually the 1U

g

secretin doaage. Occasionally problems arose w:l.th clots in the cannula.

. obatructing lymph flow or with the x:ail-vein tubing ﬁot being directly

in t'.he vein, theee a.nimals not directly receivi.ng the intravenmxs
,secretin Therefore, the“lu doae ‘eae ;::‘est done to establish th&t the ,
- animal was responding as expécted from previous studies. - 8
| '.l‘he JU and 5ll doses are botlS\ ccnsidered phatmacolog{cal and col:ld o

: ‘possibly cause some harm to the animal whidh co’uld alter the responee of /’_7-- e ;

A "j- - S _\"-‘, el v T ‘--_"".

;

.

'

\/ -

, . . s , ‘ o
AR - . EL o A A _
| R o e
o eventually overwhelmed hy continued transcapillary filtration. : RO
After the delay, the lymph flow repidly increases, reacr\xing a . - - }
‘ maximm about aeven minutes”poet-injection Thereaftez 1ymph flow “' e
. :decreases reaching a; plnteau ‘for a few m’nutes ana finally re;:urns to ‘ : ‘
..v.baseline values /"p ' ‘ ! "’ ' ‘ .' 2 . x _ _ f
L | _ Most importantl:} this analysis shmﬁ that the reeponse £ secretin -
'“““.“""'“is well within the 20 minpte collection time 'I'hus the subsequent ./“‘ E , ¥
B - expe.riments used 20 minute collection periods fo].lowinq bolus d;ses ot . 1’ .'
ieecretin.-— _— ' - : ,-' - ‘\ *'— S . R o
Pigure 1o shows the typical lympho flow response of ,an unmai to a |
reeries o£ secretin doses md a ealine comtrol.A 'i'hie figure demonstrates s ; ;
the reeults of design l. Lymph flow ie on the ordinate and time in 20, ' /.. t
.' n\inute perioda ie on the abscissa-- All doses gave an increaeed lmph o '-"!.
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7',1 o , o ',subseque‘n't doses‘.; To avo:.d thls poss:LbJ.lJ.ty, these doses Were purposely .: e
o R a.dm.n:.stered at the end of the study. - . '.;. ’ T :
M - e T

" e o 'rhe probabillty Of a seguence eﬁect, that is, .one dose affectxng v

R A s e a . _ -
R R - !
. the response of the follow1ng d05e, was controlled for. hy the 4 post-i‘ e 5
3 e o :mjectlon collectlons- T e ooy
LN AR ' . : IR
? Lt . : - o ;
N g - BESE Prote:.n output from the flstula was deternu.ned 'Eor each collect_'ron, ’
"?’ oL F:Lqure Il shows ‘the typical response of an am.mal to natural secret:n.n E :
. N - . ‘ ' * :
e e = i and salJ.ne.‘ As w:.th ‘ly'mph flow the amount of change ‘over the basel:me .
N : . N S L . ’
T I P
X Ta o 1ncreased for each dosa up ] 3U w:Lth sal:.ne hav:.ng no effect. L '
D » : '_- . . . .
N Y - ¢ Each dose ‘of secretm resulted 1n a net excess of protem be ng ST
L S K . !

S ) .‘3 S :recove?ced from ‘the 1ymph flstula dur:mg that 20 nu.nute per:n.od <Following. )

T e e, B /’.‘ o"_ : . )
™y g co t:hat '3p:|.ke of prote1n no dnverse fall in prote:m output was observed o /T
- I,_ -.. . " . ". ) . . \ " . . “a ,‘, :

;-_ In'_faet, 1 h proteln concentratlon of the success:we 20 m:mute samples ‘

] . . .. .\] . ey . ' . .. L ., (Y . i - - : . ;-
. / P . 1, . - did no;t 'change. ‘rhus, there is no. evidem':e -.that secretin was producin’g K ; J

R e Yoo S

e o R a dllute lymph or that the sp:.ke was merely due to the d:.splacement of . ..

R T L. ~ oy - v v

~ N Lo . concentrated dead-space lymph by a surge of dllute lymph. = .
R, T Des:.gn il as discussed‘ above was done w1th ten anlmals, each 4g:uung
LY 2 . . ,‘ . : Cox
2 R ’ ‘. ' l. ...: l :" ' f
RS R T the typz.cal responses as shown in flgures 10 and ll., 'I'o see .'Lf any
R S N S W SR
B R relatlonshlp exlsted between elther lymph flow and the qraded secretln T L
;\ o A o doses or proteln.oqtput and the graded secret:.n doses or both, °
. h RS / . :
Y . T M ‘ : . ..
' . A statlstlcal analys:Ls of the results of the. ten rats stud:.ed was per-—/ ' o
€ - o - " - . . . . . ) 'y . o
- ,"f_"’fo" od. Mult'i—'lir;ear regression analys:.s :gave‘ polynom:.al equat:,ons ‘for -
' A » ’ ¢ v : . AR
R e L both sets d{ results, that 15 lymph flow and prote:m output. e SR
e ety 5 ‘ - - s ® L
M N TFor lymph flow the equation is y = 0.17 + 0. 34x = qQ. osx CThis® - ™
. e ' . - -y T - . ' ’ g FE
',', Y equatlon descr:Lbes a- polynomal dose—response ‘curve wh:Lch is the best f:x.t S
R ;}ﬂ"" a e for, the data obta1ned Th;.s is. J.llust_rated in flgure 12. ‘Wlthin’ the’ / o :
R A Y N LN . . . y - R !
- P I K "
‘-"'_"‘\E' Ve * s_ystem, as in an}y system, there ex:.sts an 1nherent varz.abll:l.ty. Hence,. |
P - . H
SRAERE AR RIS o ‘ R "
R SR R - . ’ I '.
[ - ) . ! :
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& | .
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to allow for thlS var1ab111ty {bS% confldence bands were calculated as

. , < “. 5 . [ .
shown in 'the flgure. For proteln output the equat;on J.S y = 1 31 + s
/ 3 65x - 0 54x whlch also describes a polynom:.al dose—response curve ST '/ L
N p
. ich 15 the best fJ.t fox the data obta:.ned. 'I'h:.s 15 shown 1n flgure 13.
LT - Agaln, to allow for :therent var:.ablllty Wlthln the system, 95% conf:.dence
bands were calculated ‘as shown m the f:Lgure. In both flgures 12 and 13 -,:" :
. u R ) L
T chere is an ;ncrea_se in n&pﬁn\uth J.ncreasing doses of secretln up to .
: “ - 30U which gives fthe"maximmn response.’ -Therea.fter, a di.;nini‘shed- response ’
. T o L - R S R
S .-‘occurs wn.th the hJ.gher doses. - - ’,. L ", ‘ L b S
" » Although the porc1ne secret:.n was hlghly purifled one could not -
o exclude the p0551b111ty of a vas ffctlv\a contanu.nant. , Thus, experments Cae f '{
SIS L w:.th deSLgn 1 were repeated in “three an:unals us:.ng synthet:.c secret:.n. o
. .. Do, L - . . . '
Paelt The response of 10 of secret:.n had been well establishe‘d by our 1n:Lt.1a1
. exper:.ments._ Figure, 14 illustrate's thaé‘ the effect of equlvalent doses e J
. ) ' . )
: . Jof natural and synthetlc secretln are 1dent1ca1\'l‘he comb;med data of
) PRTIE SR L e .
; the 3 experlments was subJected to multl—llnea.r regress:.on analys:.s which. - ' T
* o o agaln gave polynomlal equatlons for both lymph flow and proteln output. ’ .'_ S
. TR For 1ymph flow the qu@tJ.on was.y = 0 50 + 0.28% = o. 04x . 'the N
7o CLe polynomlal dose-respbnse curve descrlbed by ‘the equatlon is. shown in s A
DTN flgure 15 w:Lth 1ts 95% confldence band . E‘or proteln dutput the equat:mn_'...‘ SO
' -1s y . 06 + 4. 22x - d.64x2. Flgure 16 shows the polynom1a1 dose—"- . o "
) LI A response cﬂ:rve th:.s eqpatlon descrlbes along w1th 1ts 95% confldence A
s ‘ﬁ‘i 0 band Both fJ.gures 15 ahd 16 show an 1ncrease -in response w:Lth 1ncreas-*‘:
: Lo ‘ ,v"‘ e . ) [ .
. E 1ng doses of secretln up. to 3u, . the. maxmum response. after wh:l.ch a e
‘ d:.m:.m.shed response occurs w:.th hlgher doses. . - S : P
x e T ) 'rhe curves obta:med :Eor both natural and synthet:.c secretJ.n was . -
' ; el e .' compared statlstlcally to see ‘lf any- dlfferenoe exlsted between them. A
t i Ta .. ) N X . N , L -
K o o “ ! -
Lk e ' g : , L\
_‘ :’ . ‘. i . PR
’ 0‘ . . - i - ».
[ o M ; - N
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The regressmn coefflclents between equations were compared us:mg stud-

B

: lymph flow. Thls would be contrad:.ctory because there is an inherent

- R . AR

L
L

- ents t—test at B < 0. Ol for’ s:.gm.ficance. Comparison showed that the ’

.-
.

. R
equatlons for lymph flow fram natural and synthetlc secref:m were pot

s:.gm.flcantly d:.fferent (P > 0 01) . Also. the equatlons for protem ‘

-

output w:.th natural and synthetlc secret:m were not s:Lgnlf:.cantly

o

. sdifferent (P > 0. 01). " These results strengthen the" conclusxon that the

effects' observed are due to secret::.n 1tse1f and not due 'to any’ poss:Lble

i

‘contamlnants.* The 95% confldence bands for natural secretln were

! /

’ thought to b.tter represent the 1nherent varlablllty for protein output

- - s
> s

than those obtalned w:.th synthet:.c secret:.n. '
'I'hese polynom:n.al dose-response curves are not unl:.ke the dose— .

-

'response curves obtalned by Domschke et a1 (1976) . ‘ 'I‘hey studled the

relatlonsh:l.p between graded ‘synthetic secret:.n doses and the cycl:.c AMP
‘and blcarbonate concentratlons J.Q huhxan pancreatlc Julce. .:[nterestlngly,“
"'they found a max1mal effect after th.ch there was a fall off w1th

'-f,1ncreas;mg doses of secretin. . e o e L T

- . . L
v

Each polynomlal curve has been d.rawn w;,thout J.ncludmg the or:.gm.
To do s0 one would be assuming that at 0 dose there was mo - change J.n
R . ) ‘/‘

varlablllty in the system as\':Ls readlly seen by the var.xat\rgn in the

-

base levgls. Even the salme control 1nject10n var:.es from no change,

%

. a sli.ghti ne;ijat:_vev.y change or sllght,positixle change. Henqe, t_he -curvee.

Were drav;n 'from actual data .excluding theoretical assumptions. e

<

The mechanlsm by Wthh secretin. produces an increase in 1ymph flow .

L

and prote:m output 15 urhzlear .As dlscussed prev:.ously lt has been‘ )

shown by a number of workers in gpecies other than the x;at that secretin S

il

1s ‘a selective splanchnlc \vasodllator which enhances superlor mesenteric

n.,' . . .
a s ’ Do - . . N , -
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i
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e

" after the bolus lnjectlon of secretln. Each sample was a 20

. wuth an 1ntravenous 1nfu51on of secretln was establlshed (flgure 18).‘

D P R S

. v [

t“blood flow Twc bcs'ib' tles are con51dered as. the 90551b1e mechanlsm '

. . - N . ¢
T N A3

by wh1ch secretln acted Wlthln this. system. 'First, thelobserved effects,

"could be due-to an 1ncreased perfu31on of the mlcroc1rcu1at10n of the gut

: openlng up non—perfused caplllarles thus 1ncrea51ng the caplllary surface ,ﬁ-

4

" area for excha.nge. Along w1th thls a. péss:tb],e 1ncrease in intracaplllary

7 ' L]

o . o P N

l

\hydrostatlc pressure may occur as a. result of enhanced splanchﬂxc blood o

. . . )
flow or.changes in pres or post—capillary.re31stance vessels.. Second,

the observed effects could be. due to a selectlve change in caplllary

bt

‘permeablllty. In an attempt to qaln some,insight‘}nto the posslble

’

mechanlsm, further studles were done. . s N ,,‘ o o ‘”"

ey : L -

Inltlally, two lymph samples were electrophoresed on a poly—'-

Lot G

iacrylamlde gel The resuIts are shown on flgure 17 whlch is a den51&
N . S

.tometry scan of the gel. The dotted llne represent the control sample,

-"ﬁa pre secretln collectlon The solld.llne represents the sample taken

A

collectlon taken from an animal set up as descrlbed by de51gn 1. Three
,peaks from each scan were ldentlfled, cut out, and welghed wrth the .

'ratlc of post—secretln to control belng determlned from the weights.

‘JAs 111ustrated no observable dlffeFEnce was obtarned.

7, -

.

ﬁubsequently w1th de51gn 3a steady state of enhanced lymph.fIOW' ; o

Y . . .
- ' - ¢ «

.‘Iymph mass is on the ordinate and‘time ln~minutes is.on the abscissa;‘
{Each point represents'a‘2‘.minute”coilectfcn..'Saline was infused for S

15 mlnutes as a ccntrol and gave 11ttle or no 1ncrease 1n lymph flow.
- .

. . An 1nfusxon of 0. 25 U/mln of natural secretln for 15 mlnutes followed'

: - Ces o 4. SR o
h‘the pcstrsallne perlcd.- - o ' e o F ,£ . e e
' , * T ) .
1 ” ' J

5
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oL

5' esed on polyacrylamlde gradlent,gels and scanned by den51tometry.. The

.- results of the four rats studled are in- flgures 23. 24, 25 and 26.:. nj

o Voo - .- . . ' [ 3 L
. . - o o, Y .

At the initiation of the secretin infusion the lag phase of
e * : . . - LY e L ., ! . - - '." . . -~

Capproximately'B'ninuteS’can_he'notéd; after which]the rapidygise'in
R . T, . S, * b

| s .Y .- : : N

yllymph flow occurs. Kfter the infusion of~secretin is-terminated there'

¢ . “° -
. B : o

'1s -a second lag phase durlng whlch the flow rate remalns elevated for'h
T, .

‘some_tlme; Thls may be due to a comblnatlon of factors such as a delay:xn

4 -

g displacement of secretln ﬁrom'some receptor slte.and the‘tlme taken-forj

‘v

. the’hioloéical degradation of the hormone. Lymph flow flnally falls i

. 4\;-. . . . .A‘

'.back towards the basellne. Four rats were studled in thls manner.'

T Y )
K N “

Figures 19 20A 21 and 22 show the proteln concentratlon of sugce551ve
A 4 . o A}

L

«'“ "~

lymph samples for each an1ma1 durlng the steady-state experlments.“ Each:,"

2, mrnute lymph sample was submltted to the Blo-Rad assay- method for .

.

proteln determlnatlon.‘ The proteln for each sample is expressed as

/100 ml. Throughout the entlre experlment no measurable change ln the

s P

1ymph concentratlon was observed 1n any of the four anlmals studled. aly - -

valucs for 1ntest1nal lymph proteln concentratlon were between,2 and 3

o .

g/lOO ml as shown 1n the flgures..f?

1
'

« -

i,

these flqures the scans obtalned from the\succe551ve 1ymph samples -are - -

P X .

"sho No observable change in pattern occurred through the experlment.

o

The enlarged scans in the rlght hand corner deplct thls.A They represent

. 2 . o

a controi sample as well .as -a sample ohta1ned durlng enhanced lymph flow

:
- ".

- as.a result of the secretln 1nfu51on. ’ S

° -

Each 1ymph sample from the steadynstate experlments was electrophor—"

‘. As explalned above 'six peaks were: 1dent1f1ed 1n each scan, cut out,

and welghed The area of 'each peak is expressed as a ratio relative'to

: albumln, the 1argest ak,.which ﬁas‘asslgned.a value of-unityl' Table -
- . . . - . » . - \ N



N -103 ...

-;i‘showsjthe ratios obtained.“,ﬁor,each animal there are five. kets of'~‘?;‘

'ratios;fromvthe'foliowigé sections;of;the'tﬁéeriment; N
‘}' ﬂ :i‘ k I)“-doﬁtrbl . o | ”
* .. s . . P =
.. 2) 'saline infusion. . . , - : B
- : \ “3) 'bOSthaiine ih%usiqﬂ' :'i N :--f .'~.; ‘ .
1) secretrn._ | f-i‘;.; AP .- R - . ;_' ’ .
"5) - bosthsedret;d infusion; E ' B ' ;fl L L P
- o _Each series of ratlos‘shown in table I1 1s the average of- all the
L lratlos for that sect;on of the experlment:; Com;arlog the sets of,ratlos

Q

‘_"vforjeach animal one “cannot concludeAthat.anYﬂdifference in éattern

.+ .. exists. - Thus, we have no evifence that secretin‘caused a thange in

L capillary permeability:, . =
. . ' vasoactive intestinal'polypeptide.a ciose relative of secretin was

L e R L - L L
©+ | anticipated to-have,a ‘similar efféct upon intéstinal lymph flow and
protein'butﬁut inzthe rat due to its potént vasodilator properties even .

though 1t has a very strong antestlnal secretagogue property..VExperif'

. oi

; ents done ln three rats falled to show a- lymphagogue role for vaso—

active'intestinal polypeptideyat4the doses chosenr

' . ‘ ¢
N . . f

"Thése‘resolts asliobﬁainéd in one of the 3 animals are shown in

S fiéﬁres-Z? and 28. In figure 27 the eﬁfect'of-VIP on iﬁtestinal lymph

'_flow is shown along with a sallne control. The collectlons after both - "
~ I
VIP and sallne were w1th1n the basellne range suggestlng no effect by
.. ‘ '; . elther. Flgure 28 shows the effect of VIP on proteln output j Each

0 v

'samﬁle-collected~from the three rats was assayed by the biuret method.

_Neither VIP ror salihe‘had'any effect on protein output. The experiments

with VIP did not’indicate a lymphagogne effect. - : L o
o - . N . . P ) . S
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"Rat'2 1.0

"Rat 3 1.0

..0.455 .

e T 0,318

© 0.298
' .0.555
"0;372A~

. Rat 4, >

N.Es.

-
., .

1.0
0.521

" 0.393

0.259
0,491,

v 0.339°

©.1.0

0.471

0.257 . .
0.230-°

0.328

0.255 "

“'.

1.0

 0.430 " .
.0.293

0.237

'0.419
0.240"

L Y1.0

-~ 0,201
. 0.220;

.0.460

1.0

0.439

0.314

0.216
0. 400

0.443

0.355

‘0.17a

1.0

0.196
.0.194
0.659

0.223 ./

-

\

1.0

*70.516 -

0.305

~0.274 -

0.503

L 0.317

1.0 -

' .0.466
. 0.236.

0.262
0.532
0.258

1.0 -
0.533 7.

0.228
0.188
"'0.610
0.185

P

.,»'

) . . . 7 ] R
co ;- . .7 L L o k24 ' :3
- e B - 104 - . : S

o . . A - - s . \:«,a . 2 R . -~ ".
.. ) . " Lo N E . .‘.‘, ./_- > A{ ’
e T .- Post . o © . Post i
! " *.cControl, --Saline saline Secretin' @ 'Secretin | ]
, . . ’ . . - S . * "‘i:
Rat™ 1 1.0 100 1.0 - 1.0
: 0.402 . ° .0.323 0.405 - 10.381 1
0.298 0.277. _~ 0.306 , 0.298 - i
0.240 0.1is89 N.E. . 0.236 0.210..
0.314 .0.290 0.413 0. 370'
v .0.268 . ,0.288 - _0.301, 1 0.266.. -

N I ETRARE, R

L TV S U NC LT W VRS TN S PO PR SN 19

Tébléilf' Ratlos relatlve to albumln of concentratlons df 5. sclected

v,

prot81ns 1n lymph samples fractlonated by polyacrylamxde‘

- .

A et i e 33 58 R e AL iy Tt e T b L Lt T e o+ inn e

gradient gel electrophore51s. (For detallsr-see text p- 23 }.

Lot

»

Samples were obtalned at- basal lymph flow (control), durlng B

S

»

Lo sallne 1nfu51on, after sallne 1nfusion. durlng secretln

S

-;nfu31on‘and afternsecretlnnlnquLOn. - b
. oy o ' B ~

N:E. = ot estimated. -

v -
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, Restraint Effects S o Y

2 : : [ -‘5 »

It is’ important: to consxder the extent to which intervention has

BT alteréd the phys;ological state of the animal in the present study.

LR

to prevent actess to the cannula, the animal has a limited range of

' movement and appears comfortable throughout the exper;ment.

" acid release'which would invturn.release ehdogenous secretin; Any

‘loss of fluid, electrolytes and protein. Intestlnal 1y$ph flows at

-approximately 2 ml/hr.' Thls lhss is offset by the intrdvenous and

Animals were kept 1n a Bollman-type restraint cage for a maximum of

30 hours (Fig. 3). Whileﬂthe Bollman cage-restrains the rat sufficlently

x

o

p Restraint constitutes a form of stress (Pfeiffer,.1967). _One

. ,1mportant stress effect 15 gastrointestinal ulceration. Under the

conditions described in the present experlments, however, Such ulcer-

ation:does not occur_(?urner, 1978[. Further, stress may cause gastric

* , Lo
¢ : . i

effects observed in the present study are therefore superimposed on’

s .
. .

-thlé-.bacquouna. R

_xgphatic fistulae losses

R S R
An intestinal lymphatic frstula in the rat causes' a consrderable

k4

‘

intraduodenal 1nfusrons of the isotonic sallne whlch al Q- replaced the

Q Is

'sodium chloride. The PIOt81n loss is- considerable. Over the 30 hours

of the: experiment about 60 m] of lymph having a protein concentration of

approximately Zg% is- collected The total protein: deficrt during this

i

perlod is therefore around 1 2 grams. It 1s unlikely that the animal
| '\.\ - ’

/
could.continue “to sustaih,this rate‘of protein loss w1thout'ser1ous

. . . 2 | . 4

depletion ‘offits hitrogen stores.' Thus,'in the first post—operative
.U- day the disturbance of proteln metabolism is probably not great enough'

5to influence the results of the experimental manipulation. .

o

&

)
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Control—isotonic saline . i;7 ‘ o R

; with fat feeding (Wollin, 1973) and fluid absorption from the lumen

S e 108l T

S L . St : T _

L

In the present study 0. 85% sodium chloride- (sﬁﬂ@rt) served as the

! 'control either as' a 1 ml bplus or as a 15 minute 1nfu51on, both given

intravenously.“ Intravenouszsaline w111 increase the extracellular f1u1d ;

: \i

l volume” In the present study although saline 1ncreased the extracellular

A

fluid at the volumes used 1t did not measurably 1ncrease*the intestinal

lymph flow.' This was also the vehicle for the administration of hormbnes./

_\ E;pfanation for the observed effects

The potent vasodilator action of secretin within the splanchnic

circulation has ‘been. well established. The lymphagogic action of

f.

E secretin has been demonstrated in the present study. However,‘thei"

.mechanism by which secretin produced these effect can still only be

speculated upon. - As discussed, secretih could possibly increase the .

permeability of the 1ntest1nal caillaries or could cause perfuszon of

“preV1ously‘non—perfused intestinal-capillaries. P0551b1y an increased

t
hydrostatrk pressure w1th1n capillaries already perfused, brought ahout

. o
by alterations in pre— or pOSt-capillary re51stances could also be C

. respon51b1e. ‘En any case, capil]ary filtration would be enhanced

causing an increased fluid volume in the intestinal 1nterstitium with a S

- . -

resultant increased 1ntestina1 lymph flow.

The idea of an. 1ncreased capillary permeability is not new. ‘Studies:

7/

L (Granger, 1978) suggested that the increased plasma proteins must be due L

+ n

to an increased capillary permeability.- Further, Granger observed that

'Jthe increase in intestinal permeability is’ related to the rate of volume

!

‘absorbed from the lumen. In.the present study examination of the spectra y

of plasma protein separated by qradient gel electrophoresis and of the o

Py B B L n‘ X ~
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: n_'ratios,dgtalned fro* densltometry scans of the qels (Table II) showed no '

lymph flow changes. \Thus, these experiments suggest that secretln does

B hydrostatié pressure as a result of enhanced splanchnlc b100d flow seem,»

-and hence augmented intestinal lymph flow.

exit are ayallagle: the 1ymphatrcs, the blood caplllarles and ‘the o

o intestinal 1umen. y' T ”1" - 3 - o - '..U‘ a‘,_.' o

- of the gut hormones. Studies show that one or the other routes of exit

. predominate dependlng upon.the hormone in questlon.

',potent lymphagogue.§ Hubel (1967) with ‘the rat ‘and - Bynum et al (1971)
" both showed that secretln in ohy51ological doses that cause maximum
'.:pancreat;c secretdon, did not alter the mOVement of*salt and'water in

. the small intestlne; Thus, if secretin does have a secretaqogue'role,

_____
i
<
etvsand

- =107 -

. . } . M . .
evidence of alteratlfns 1n the pattern of protein species as-a result of el

not alter 1ntest1na1\cap111ary permeabillty to macromolecules.

Py

At any ‘one’ time\approximately 1/5 of the intestlnal caplllarres

are being perfused w1th blood according to Jacobson and Lanciault (19793. Co . ;

Therefore, it is not unreasonable to’ assume that secretin may open up T .

: !
the non-perfused‘caplllarles thus increasfng-the surface area avallable.

o

for filtration. Thls‘albng wrth a possible 1ncrease in intracapillary S o ¥

e i

1 - : e

\ .
further experlments W111 have to be done in order to elucidate the
mechanism by whlch secretin causes the augmented 1ntestinal blood flow L oL
] o

For the fluid which assumulates in the- intestlnal 1nterstitium as a °
|

result of the vasodllator actlons of the gut hormones, three avenues of
. - ) - e

e

Nasset (1934) demonstrated a humoral control for fluid secretinn into

’

the lumen. Subsequently, thls humoral control was attributed to many

I8
v

o

As discussed,qthe present study concluded that secretin is a

C

A A e e, 2 .

T at present, the most probable explanations for these results.' However, . ;y i
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J.t is VEI.'Y minor. o

" In comparison, vIP did not. have a lymphagogue effect :Ln t.he present

.,‘ . . ’ v -
study. Since VIP has some vasodilator activity, an_ increase in superiorA
r

B mesenteric blood flow might occur with a subsequent increased filtration .

'.Lnto the surrounding 1nterst1t1al tissue. It is proposed that the .

N

:present results may ‘be explained by the- fact that VIP has a very potent

intestinal secretagogue effect. 'I‘his has been demonstrated both in vivo

.and in v1tro.' Barbezat et al,,,(1971) studied the effect of several
gastro:mtestinal hormones upon J.ntestinal secx&etion in the dog. They
_found that while VIP GIP and glucagon all caused secretions in. the

«ileum and jejunum, secretin and CCK. did not Again in 1973 Barbezat '_ "

,‘showed that VIP, GIP and glucagon ‘were all stimulants of gut mucosal

i .
secretion while neither phys:.ological nor pharqacological doses of -

secretin stimulated qut secretion. Further, he suggested that these

secretagogue hormones may be involved in the watery diarrhea syndrome.

-Bloom et al (1973) demonstrated that elevated plasma 1evels and/or a ‘

. high tumor content of VIP was ’associated w.lth the watery diarrhea 4 -

| ’ ~

’ 'syndrome J.n six cases studied. Coupar (1976) observed that VIP .1nfus:.ons'

,_1nto the superior mesenteric artery caused a large net secretion of

]

A

B .water and electrolytes J.nto the lumen of the Jejunum in'rats. In l977,

1

" Mailman measured the changes 1n mucosal blood flow in response to .

intravenous VIP in the dog-‘ Again, vIip caused a secretion of sodium and '

water into the ileum. S o ’ ."-.Q ¢

+

.1 'I‘he observations by Granger et al (1979) that VIP causes a fall in -

v

ileal 1ymph flow while caus:.ng a marked flq.;id and electrolyte secretion

.’

'into the intestinal lumen ate in -keeping. with the present results where

“no detectable alterations in lymph flow were obtained after intravenous

—

AU AR EE A

St b b vt s st s i i e g T LR

orF e Ty g et s,

et ad




i a et

'injections of VIP.
,the 1nfluence of the hormone is,presumably channelled to. the intestinal .-'|:
" . lumen.

-A COmEQnent of post*prandlal hyperemla -

gy
.‘ -

- 109 -
Any'excese nucosal interstitialffluid formed“under‘:

’ - -

‘\‘v o ‘l

. In conclu51on, gasttointestinal hormones are released postprandially

Ao b ,f’—-f .
. a powerful 1ntest1na1 1ymphagogue in the conscious rat VIP does not
' possess thls actlon. Secretin already has a phy5101091ca1 role during ;
'ldlgestion,vlz its effect on- the pancreas.. Thus, ‘the changes induced by
,secretzn may be a component of postprandial‘rntestlnal hyperemia and
: enhanced gut }ymph flow as- demonstrated in a number of species.
) R
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N To examlnefthe effects of.secretln.and vasoactlve.lntestlnal polypept1de.~ .
. , < ¢ - . S ~ . -
.on 1ntest1na1 1ymph flow and. composxtlon.adult, male sPrague—Dawley J :X ‘
LI . B eE N
" rats with 1ntést1nal lymphatlc flstulae, duodenal cannulae, and taxl- B -
by vein éannulae were studled The study showed- A N L ? ‘: - -#5”.
! .. :g -AjT l) lSecretln both as ‘a bolus and as an 1nfusxon 1s a powerful g
’ ' ;ntestxnal lymphagogue in the Fat.. f"" : ' SR o
. . .« . . . . ¢ .
A v L T2) . Polynomlal dose-response curves can be constructed for both 3
lymph flow and lymph proteln output w1th graded doses of-gecretln. - ;;-'
. . P AN - ¥
. o 6 P P
o o '; . ;3),AThere_1s an increase in response w1th 1ncreasang_secret1n- N :
o “7'-;Jdoses up to 3 U/ml;.the‘gakimum response, after which diminished - ~. * -
R . . ) R : R \ Lot P .. o " c b X l\ “
‘responses -occur., f P S ,,~[& Sl T
o P . ,¢P S, e . S L
L T ‘4)_ The 1ymph fio change in response to secret1n is- tran51ent., NI PS8
. . i “ ' ! Qg Lo . .'A . ‘
¢ Following-elther a bolus 1n3ectlon or the 1n1t1atxon of an 1nfu510n R
\ . an
b ’ there 1s a hlghly reproduc1b1e 1ag of approxlmately three mlnutes before
o Lo . e
' " the flow increases. ,After the bolus or the dlscontznuatlon of the:
' 1nfu51on the lymph ﬁlow rate returns to basal values in a character;stlc
R A . . oy
. . . pattern over several mlnutes.- _ ) *
S o - 5) The lymph‘flow response to l U/ml of natural secretln and ;
. . ‘ - ‘]
RN L : '
T U/ml of synthetlc secret1n is equlvalent. R _“<‘L e N B
2 2 71y . - v . P . i
T &) . ) O An excess amount of protexn was recovered after each secretln L -
. ' C 1
- )‘\ s N oot . ° - . a "
dose. Thls resulted from enhanced lymph flow w;th a constant concen- "
2 tratlon of lymph proteln. e T . R :.fq vy Zr
) . . . . N o8
. \ . | B . B . . N . ’ - . o
,A' . © - N . - o
R ‘_ -7) Plasma proteln spec1e5 and thelr relatzve proportlons were %
.o - - .
B . mot measurably altezed durlng enhanced lymph flow caused by secretln . v
. 3
. A . 3
e as Judged by polyacrylamxde gel electrophoresis and polyacrylamlde - .l
. gradlent gel electrophoresis. h;'-';, . ," . "~-f’,' o s*" ,
. . R . . . Tt v “ ! ‘o. ‘ .o - . C )
- o ,‘ ,a~8) Vasoact1Ve 1ntest1na1 polypeptide haq no effect on 1ntest1nai Sy e
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lymph- £low or protein cutpitat theé. 0ssé ‘studied.
o o P -':““:1""-"" Tt -.,-“”.‘P, vA_\'l’l “A . '

o) These Fegults ‘arerdiscussed 'ip the ‘Context of gut Hlood:.flow

regulation -during dis[eﬁéi.ve -activity. .
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