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ABSTRACT

1. The metabolic changes following thoracic surgery in three
groups of patients, (oesophageal cancer;vlung cancer and hiatus

'-her‘nia') havé been studied.

2. Fasting levels of plasma glucose in patients with tumours of
~ the lung or oesophagus were within the normal range and were no
~different from those found in patients with hiatus _hernia, before

| operation.

3. Hyperglycaemla occurred after Qesophagectdmy, oesoph‘ag'o—-
gastrectomya'nd‘ hernlorrhapy. Operations of the lung, such as
pneumonectomy or lobectomy did not lead to an immed’iate rise in

blood sugar level after surgery.,'

4, Post—operative'hyperg.lycaemia was accompanied by thé fall

in btvlyle levels of p‘lasn‘1a glucogenic amino acids. E;\zident:e is
pfeisented in suppért of the idea that pbst-—operative hypeArg‘lycv:éemia’t -
is the resu.lt‘ of 1ncfea$ed glﬁdose production rbather‘ thanrthe decréase

in glucose utilization.

S_. In contrast to the plasma insulin concentrations which femained
unchanged immediately after surgery, the levels of plasma 11-hydroxy—-
corticostérbids rose immediately after operation and that was

accompanled by the same rise in the levels of plasma FFA.



6. Plasma 1nsu.lin concentration rose significantly and the rise
wés_ not proportional to the .levé.l of blood g.lvucose‘o’n the second
~post-operative day. Since thé ux:inary excretion of ketone bodies |
‘was also ngh on the samé day; ihere was eﬂdence Qf post-

operative insulin resistance.

7. E.levat‘ed'plasmva levels of glucagon coincided with hyperglycaemia
in oesophageal cancer patients but did not Qccuf in lung cancer

patients in whom there was no hyperglycaemia.

8¢ The'plasma free tryptébhan .ieve.l in-patientsvwith 6ésophagea.l o‘r
lung cancer tended to be lower than in patients -with hiatus hernia.
Purﬁhermoreg the concentration of p.lasma'free tryptophan rose after
surgery énd this rise was associated with a fall in the level of plasma

| t_otal trypto phah .

9. There was no significant corre.latibn between the level of p.lasmé
fryptophan and the rate of urinary excrei:ioh of N'-methylnicotinamide
(NMN) in patients with oesophageal cancer. 'I.'he’ significance of these

findings has been discussed in relation to the metabolism of fryptophan.

10, The concentration of copper in the plasma was found to be elevated
in patients with oesophageal cancer. Tho_racic surgery was not assoclated

with a'consistent change in the level of plasma copper,

'11. There was a transient fall in the level of plasma zinc after operation
E and this was assoclated with a similar fall in urinary excretion In hlatus

hernia and oesophageal cancer,



12 . Urinary levels of cyclic AMP or GMP in patients With tumours
of the lung or oesophagus were no different from those found in
patients with hiatus hernia. Cyclic GMP increased after surgery,

and was higher in patients with malignancy than in patients with

hiatus hernia.

13'. Post—operative kparentera,l nutrition prevented the fall of plasma
amino acids and led tb a rise of plasma albumin. It also diminished

the urinary losses of nitrogen on the second post-opérative day.{
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'CHAPTER ONE

INTRODUCTION -



1. 'BIOCHEMISTRY OF INTURY

1.1 Historical aspects

As Johriston (1964) has pointed out surgical operation or other form
of physical ihjury in a previously healthy p:erson‘ initiates a series of =
- metabolic and endocrine processes which are associated with recovery

" and normal convalescence.

~ As long ago as 1794 John Hunter wrote with a rare perception:‘
'there is a circumstance attending accidental injury which does not .
belong to disease, namely, that the injury alone, has, in all cases

- a tendency to produce both the disposition and means of cure®. ‘

In 1904 Héwk vand Gies confirmed'the.observation Qf BaQe;’ (1872)
and Jirgensen (1885) that haemorrhage causéd an incréaSéd eliminatioh '
of nitrégen, and demo‘nstrate'd that even the operétion of venesection
Without 'blooﬁ letting' is 'sufficie‘nt‘ vto cauée an appfeciable though

slight increase in the output of nitrogen and sulphur in the dog.

Cannon (1929) was the first fo recognise the importancé of the
endobrine syétem kin the response tdiinjury. He intfoduced the c_onéept
of a ne’uroendocr’me reSpohse to stréss and described an increase in
_the activity of thé sympathetic nervous system'and mv the outbut of
adrenalin—like substahces. " Cuthbertson '(l 932) reported ‘that é

rise in the excretion of nitrogen in the urine occurred in patients with



| fracturés and described the so—caned ‘catabolic respbnse' to trauma.
The amounf of nitrogen excr'eted. and the duration of the negative

nitrovgen‘.balance was found to depend on the 'sevefity of ‘the injuify,' ‘énd .
- was greéter after severe 1njuries such as fractures of blong. bonés thah»:

~ after minor trauma..

'In affurth.er paper in 1942 thhbertson bsepafated thé méfabolic
reSboﬁse fo injury into an early shock or 'ebb' phéée éhd a subsequ'ent',
cat.abolic or 'flow' phase. The. 'ebb' phase is associated With a :
décréase in oxygen consumption éﬁd bédy temperature whicﬁ are both |
cénsequ’ences of,the rédﬁction in cellular metabo.lisrﬁ. ; 'i'he 'flow* |
phase'i‘svassociated vﬁth inCreased nit'rogen' loss, i‘ncreased resting'
enérgy expenditdre vand,an increased glucose turnover.. The fnagriitucie v
of these changeé I.S roughly correlatéd with the severity of 1n'ju‘ryvv.' _
'The negative nitrogenl balance reaches a maximum three to eight days "

after injury, and muscle is thought to be the source of tvhis'nitlrogen '

. loss.

In order to give a comprehensive picture of the metabolic changes' , .
following injury it is necessary to discuss its effects on energy, fat, |

'_carbohydrate, protein, water and electrolyte and‘hormonal balance.

1.2 Effect of injury on energy metabolism

Changes in energy expenditure resulting from trauma, including '
the minimal trauma of elective surgery, are now well known. It is |
however, difficult to measure basal metabolic rate (BMR) in patients

after injury or operation. In most studies, therefore, the resting



metabolic expenditure (RME) was meésured 'm‘ord.erv to obtain simpbly
. the energy output at rest rather than ehergy output under é standard
condition (BMR) which requifed at léast 12 hoursjasting. _ Uncémplicated
~abdominal vsurgery dpes not produce any cﬁange in RME (Tilston,
~197'4) . Multiple fractures however; increase the RME by 10 to 30%,
and burns by ﬁp to 100% or even more. In bufns patients water loss
is a major factor contributing to the increase t’l‘ilsfon, 1974). Total
- energy expend iture does not ho{&ever,' follow the same pattern. . Thus
Kinney, Duke, Long .‘and Gump .(1970) found that totél enelrgy ékpenditure
v\}as 120% of RME on thé day i)e'fofe elective Surgery, 105% of RME. on'
the first day after the operatién and gradually. rose to 120% of RME by

12 to 14 days.

Controversy still exists as to the exact nature and cause of
the change in energy expenditure in injury and this largely centres
“around the extent to which it can be accounted for by increased protein.

catabolism.

In the pioneer studies of Cuthbertson (1932) the nitrogen loss |
following human injury was considéred tovbe an indication that the bod‘y_
was.l‘)reaking déwn protein for use as fuel to meet its in;:reased energy
needs. ' The bsu‘ggéstion that protein v}as the major Sourée of thé
increased RME (Cuthbertson and Tilston, 1969) wés based on the_fact

“that in bo%th the early humaﬁ studiés on fracture patients .(Cuthberts\on,
1932) and later studieé on ;até with experimental f;a'ctdre of the 101’1(_;‘[-
bones (Cairnie, Campbell, Pullar and Cuthberﬁson, 1957) theré was a

parallel rise and fall of nitrogen loss and energy metabolism. However,



the later work of Kinney, Long and Duke ’(1970)' using indirect
| calorimetry in humans,vahd that of Caldwell (1970), using direct
calérimetry in rafs, seems t§ be against this viv_ew. ‘The contrii:ﬁtion
of protein to the energy_expendifu}e following mosf surglical éonditions
. is .on'ly; abodt 15% (Duke,]orgensen, Long and Kinney, 1970) and this
' ié not sighlvficantly higher tha_n that f"oun_d u'nder.‘co'nditiorrls of starvation
.(12—1 5%-).‘ ’ ‘On this evidence ,- Kinney g’g_a_l.v (.1970)‘ havebcon‘c[uded |
‘_ that the .clin'ical impression that the we 'Lght lo.s‘s seen after surggary--
Al's a result of the bod"y using protein as -means fbr 'prov_id"mg fuel to |
mgét increased réstiné eneréy deménd, seems uhlikely. I‘hésé
investigétbr_s suggést thét the increaséd nitrogten éxcretions following
iﬁjury resﬁlts from thé increased gluconeogenesis necessars;f to provide
carbohydrate intermediates for synthesis purpose‘s, including the |
synthesis of glucose vfor subéequent oxldation by t,issﬁés sdch as.the

" brain which cannot utilize fat, though it can utilize ketone bodies.

‘1.3 Effect of injury on fat metabolism

A substantial paft of ’the‘ body storés of-venérg.y is vpresent és
triglyceride (fat) in Aadipo'se tissue. This store 'may wéll émount to
some 78 to 15 Kg 'Lnrav healt_hy“rnan and from 10 f.o 20 Kg.in a heélthy
womanv. Iﬁ avery erﬁaciated patient the sfore- is réduced to ébout ‘

"1 Kg. This body fat'is‘ the main source of energy after operation
) ,_v(Pig. 1.1) .‘ The small contrlbutidn of the body's carbohydrate reserve
provides sufficient fuel i‘n an injured patient ‘for less tl;zan 24 hr without
gluconeogenésis from protein. Moore (1959) hés de.scribed the large

loss of adipose tissue which can occur following injury. It has also
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 been reported that after uncomplicated sur'geryAfat produced 75-90%
of the energy while protein accounted for the remainder (Duke et al.,

1970).

Triglycerides-are eo‘mposed of one molecu[e of glycerol bound
by esier linka‘ges to three molecules of fatty aeid MOsf trkiglyceride
is derived frem glucose and under the‘ influ_eece of adrenalin glucagon
or growth Hormone breakdlbownkof triglyceride ihtd g.lyeerol and free |
fatty acids occurs (FFA), andv thesekare released 1nfo the blood etream
' éhd are a\-zailable.as tissue fuel. Lipolysis is inereased during fasting
‘but very greaﬂy enhanced followihg injury. A'llison., Tomlin and
Chafnberlain (1969) reported that pre4operatiVe infusion of glucese
' lowered the plasma level of FFA. During operation, however, the
basal ie{zel of FFA was elevated and the stimulus of operation 'caused
a cor_ltinuing rise in spite of glucose "m'fusionv;‘ Ir;creaeedl lipolysis
has been réported m patiehts With fracturekof the leg or pe‘lv‘is (Le Pisto,
1976, reported by Kinney; 1977). These workers stud.Led the blood
lipid chariges in 43- éatient»s and found that the eerem trvigly‘ceride |
.concentration fose over 4 days, while a small fa.l:l in the concentretion
of cholesferol .and phospholipid was noted in 8 of the patienfe who Were
diaghosed las havidg fat 'emboliem syﬁdrbmef, an uncommon disease
‘ associeted' with obstrﬁction of the microcirculation by fat globules .
.High plasma levels of FFA resulting fronﬂ increaeed li‘polysis have a'ls_o] _
: been'observed in patients with major burns (Carlson, _19‘70).‘ It was
.élso noted that in burned patients the rise in the plasma FFA appeared
» to be proportional_ to the afea of the bum, bwhile a,t' t’hevsame‘ tim-e the

plasma triglyceride level was relatively normal. |



It is not clear if the elevation of the plasmé FFA llevel after
trauma is useful’or» harmful to thé patieﬁts. Studies in dogs _with
high plasma FFA levels iﬁdude& by injury have shown.that a raised
' le{zel of plasma PI—‘A was associated w1th an increase in the triglycerlde'
”contbent of the vliver.'-’ Moreover, this increasé in liver triglycie;ide
was éroporﬁonal tb the rise in plasma I-‘FAvlevel (Cafl'son, 1970) .
Pfom his results Cérlson concluded that the iﬁéreased mobvili.zatioq‘of‘
- FFA seen in response to trauma was in fact an ‘excessive’ m'vobi.l_iZat.ion
- of PFA, as the productién was greater fchah that reéu iredvto.meet' ‘the»
_enefgy déménds . These f.indings, coﬁpled with the bbsen}ation that N
patients who di.e. after se{refe trauma very often have exfcremeiy fatty |
‘li;/érs (Carlson, 1970) , has made it desifable to.prev.ent‘ the‘ éilevationk -

 of plasma FFA level which follows injury.

Studies carried out in patients with Eurns ha\}e shéwn, that both
the édrﬁinistratio‘n of fat, and treatment in anyarm dry env ifonmen_t,
reduces plasma FFA le‘ve.l (Davies and Liljedahl, 1976) . HoWeVer‘,
the ﬁlechanlsm by which the lncrea_sedAenergyA iﬁ;ﬁut reduces the level
has nét yet béen fully elucidated. It has been sﬁgéested (Davies and
Liljedahl, 1976) that in burns patients treated iﬁ a warm envviro-n.ment
it is simpiy due to a reduced rate of energy expenditufé, as shown.

by a reduction in oxygen consumption.

Extensive investigations _have been carried dut in recent years to
study the fate and rate of metabolism of fat emulsion administered to
the patients with burns. Many of these studies involve the intravenous

fat tolerance test. In this test 10% Intrallpid is given intravenously



in volumes of‘l m‘l per Kg body Weighf and the rate of disappeérance

of the emulsion from the bloodstream is determined. .Car.lson and
Hallbefg (1963) found that the rate of‘disap'peagranbé of fat ermulslon

frém. the blood is characterised as hlav"ing-one linear phase and one
logarithrﬁic phasé, and it ls possible to determiné th_e two rate cénstants
of thesé phases. Carlson (1970) P beliéves that the rate éqnstaqt K1 ,- _
of thé linear phase refleéts the total availablé ehzyme aétiyities: |
“which are responsible for refnoving the fat emulsion frofn the bloodstream _

‘while the constant K, of the logarithm‘ic' phase, reflects a number of

‘ 2
‘factors, such as the distribution and flow of substrate passing the
enzyme sites. These rate constants alter in response to trauma and

are considerably increased in patients after abdominal surgery (Hallberg,

1965) and in patients with extensive burns (Wilmore et al., 1973).

 These findings have led Carlson (1970) to sugges"c that it would
be safe to administer the intfavenous fat emulsion to patients after
tfauma, because apparently there ié an ihcrea‘sed capacity to 'femove
exogenous lipids from the bloodstream. Nevertheless, from the stﬁdiés
conducted to compare the effects of intravenous infusioh of fét and
carbohydrate on nitroéen balénce, it appears that in fhe early stage o‘f
post-operative pe_riod carbohydraté spérés more nitrogéen than fat.
V]eejeebh-oy, Anderson, et al. (1976) have reported that. in patierfgs
undergoing abdominal surgery infusion of glucose led toa better
nitrogen balance during thefirst. days aftér operation, but thereafter

glucose and fat were equivalent in their protein sparing effects,



lb.4 Effect of injury on carbohydrate metabolism

It has lqng b-een known that injury and»operatiqn ifnduce'a'

' diabetic type of state, associéted, with g,lucios.e i'ntolerance (Thomsen, :'
1038 Hayes and Brandt, 1952; Drucker, Miller et al., 1953).
Evans 'a'nd‘ Bdtterfle Id (1951) d‘esc’ribbed the ‘pseudo diabetes' of burn‘s,;
"'m v;.rhvlch non-ketotic diabetic coma 'may occur Ln pre\}iously non- o

diabetic patients.

Studies of glucose to.lerancé after injury or abdvovminal surgery
havve shown that glucose tolerahce is im paired ahd fhls has vgeneral‘ly
been intérpreted' ‘as‘an ind icatioﬁ that the enfcfy of dlucbée into cells ‘
15 reduced (Allison, Prowse and Chafnbéflaih', 1967;Allison, -Hintdri
.and Chamberlain, 1968;Allisoh, Tomlin and Chamkdefla'in; 1969).‘
Studies of thé insulin response to gluco sé infusioﬁ ‘dur'mg,. and after,
upper abdominal operation (Giddings,1974); hoWever, ‘produced evyld'en.cé
in éupport of the conc.:vlusion previously presented by dees and Brandt
(1952), that the change in post-—okperativ.e gldcose dynamics is dué td'
increased gluconeogenesivs' rather than to decreaéed periphe:ai glucose»
utilisation." Using 14C labélled glucose, Kinney et al. (1970)'have
shown that in patients uhdergding» abdomihal _surgéry gLucose oXIdatibn
is essentidlly dncﬁanged in minor degrees of tradma. These observations
were in agreement with those of Long, Kinney and Geiger (1971) who
demonstrated that patients With burns or rﬁultiplé Askeletal injuries
ox‘idivsed glucose at normal or'increased rates in t'h'eb presence of a |
stab‘le cifculation. Thede workers have al.so noted that glucose '

- turnover was increased above normal along with the associated hyper-



metabbolism. " Intravenous gluco'se tOleranc.e tesfs Carﬂed out in

berns bati’ents (Wilmore, Mason, rand Pru ift, 1976) ‘ha've shown that
al‘th'oﬁgh the fasting blood glucose concentration in these patients

was elevated, th‘e rate consta‘nt for gluco se disappearance was similar
to thét ebtélned in normal individuals. Furthefmore, iﬁ these petienfs,
'hypef'metabolism and negative nitrogen belence oceurred in associatlon
Wifh the normal insulin re’spohse to glucose. ».Wumere éléll- (19}76)
have suégested that the elevated blood glucose obeerved in thermally
~ injured patients was a consequence of yi'n_creased hepetic productlon,
and not of. altered peripheral ‘glucos.e diséppearance. 'I‘vhis' suggestion
» has received further Support from the studiee of Ao}'cli, Brennam, Muller
‘and Cahil (1974) who reported that plasma arﬁvino acid concentrations ,
' ie severely injufed patients were depressed, ahd the half-life of
labelled alanine, a measure of hebatic gluconeogenesis, was reduced
by 50%. However, the mechanism by which inj'uryenhanees'the rate
of glbucone'og'enesis in‘ the liver havs not yet been' _fqlly elucidated. In
the opinion of Wilmo,r et al. (1976) the increased hepatic glucoheogenesis
‘ observed in inju'red patients is caused by the ‘increased .levele of o
" glucagon ar_ld cathecolamines, not by a decrease in fasting insulin er

by a dampened insulin response.

1.5 Effect of injury on protein metabolism

1.5.1 General picture

 The early observations that total urinary nitrogen increases
- considerably following trauma (Cutherbertson, 1930) have been amply

confirmed by subsequent workers (Howard, Parson et al., 1944; Peters,



1948; Flear and Clarke,1955; Kinney, 1959;. ;Mbo'r-e, 1959) and much
experimentation has been undertaken to clarify the causes of the

urinary losses.

Partition of thé .tv.lrinary hitrogen showéd that thé increase was
mainly due to an increase in thé amount of urea bexcreted . whils"c
partitibn of -thé sulph;ir-containing éom pouﬁds showed that the lncreas’e
" was due to.ia éimilar probortional ihcrezﬁent in therexcretiobn of_ lnvo'rganic ;
sulphate (Cuthbertson, 1932). These findings suggested .that skeletal
muscle was {he chief source of the extré nitfogen, and this view was
| 'su pported by the cpncom itant rise Which occurs‘ in the éxcretion of
' magnesium (waiker, Mofgan and McCowan, 19‘64) and zinc (Fell aﬁd
Canning',»1971) . vIn the same way that the fall In nitrogen excretioﬁ
in “s,tarvati.on reaches a minimal plateau at 5 fo G'dayé '(‘Malm:in and
Rabiﬁsqn, 1922) . so after trauma of moderate severity nitrogen losses( ‘

" reach a maximal plateau bve; a similar period (Howard, Wintermitz

et al., 1944). Thle levei of nitrogenv excretion is dependeﬁt upén'a

number of factofs including age ,v ‘sex, and 'the' bdegree to which‘energy
deprivation contributes tovthe continu ingb los’se‘s.,. ,Thev catabolic

probess isbless marked in the elderly and in females (Peaston, 1974)

and may be largely suppressed if the priér nutri;cion'al» status verges on
starvafion '(Munro and Cuthbértso.n',Al9>43; Chalmers and Munro,v 1945;‘ CalloWay,

Grossman, Bowman and Calhoum, 1955;' Browne, 1944).

1.5.2 The nature of the disturbance in protein metabolism

(i) Whole body protein turnover.

Nitrogen balance 'techniques give information about net exchanges



~of nitrogen with the enyiromﬁent, but isotopic tracers areﬁéeded ﬁo' |
_vexamine' the dynamics bf'ni’;rogen within the bod?. | Sprinson and
lettenberg (1949) used 1 SN—glycine for this pgrposé ana calculated | -
' that the réte of protein synthesis in normal adﬁlt'man is appro#imately. ,
300 mg/_day_.- ~Waterlow and his colleagues (VVafeﬂow, 1967) ﬁa\re
’ de§eloped _a different approach using a continuous i.nfusioﬁ of labelled
bar"nino acid. | O'Keefe, Sender and James (19'7.4) repér_ted me'asureme‘ntsi
made on five patients in which Y6 leucine hadvbe'enAglven asa
continuous infusion 'bebfore and after ébdominal surgery. They fépnd
fhat following operation there was a décrease 11n protein éynfhésis with
.I“;lO increase in pfotein breakdown. However iﬁ Kinney'svv'iew (Kinney,
| 1977) this study is difficult to 'interpret since the patients reéeived
a nhormal diet pre-operatively and were giv‘en only .water and electro!ﬁes '
in the postfoperative period. It is therefore éossibleb that the negaﬁve |
hitfogen balange after operation, and, the decreaéé in protein s\ynthesi.s;'
- were a result not 6f 'mj'ury, but of the‘ withdrawal of dietary pro;cein.
In further Wérk from the same laboratory (Crane, Pirou, Srﬁith an.dv -
Waterlow, 1977) labelled glycine was given orallly efery four\_h‘ours
fdr 32 hours to eleven patients befofe énd ‘after eléctive ovrtho‘paedic
surgery. In this study a constant protein intake Wés ‘main’taine_d .—
throughout the inVéstigation. | The results»were essentially thé .same as
those of O'Keefe et gl. (1974), for the rate of protein synthesis fell
after operation, with no chahge in the calculated rate of protein break—‘
- down. = These workers postulate a block in muscle protein synthesis.‘ ,
as béing fesp'onsiblve for the catabolic loss of nitrogen vafter injury.

However, Waterlow and Sender (1976) ,. believed that the main criticism



~ of both the stud ies cited above is that tkhbe traumav was not very severe,
| so that the negative nitrogen balance was sm'all;. in fact, studies_by

Long, Jeevanandam and Kinney (1977) suggested that in acutely ill

- surgical patients with sepsis a nc;gative nitrogen balénce could be

the result of an increased rate of protein syynthesisvwith an‘even
_greater increase in protein breakdown. |
(vii) | Plasma'proteins

Cuthbertson and Tompsétt (1935) feported that injury' was foll\ox‘/vedx »
' .by a fall in th.e. concentration of albumin an;i an increase in that’ of
certaiﬁ glob'ulins."., The changes in the electrophoretic pattérn of
serum proteins frém' injuredv patients have been dlisc‘ussed by Owe.n
(1967); Werner and Cohnen (1969); Fleck (1976) and Davies (1976); |
All investigators agree that after trauma the alburhin doncentration falls
| to a minimum at around the third to the sixth day and that it gradually
AAretums towards a nonnél concen_tration évef days of Aweeks‘ after injury,
depending upon the kseverit'y of the injury. , However studies b)} Ballantyne
and Fleck (19738) havé- shown that the fall 'L_n the albumin concentration
observed after injury could be minimised if the patients were maintained
at hi_gh envirohmental tembérétu;é (e.g. at'3 OO) . : They reported that
the ‘fa}l in serum albufn'in in patients with long bone fracture was much
less_ai 300 than at ZOO. The mechanism by wﬁich treatment in a warm
énvironmént prevents the fall in plasma albumin, like that which prevents
a rise in plasma FFA after injury, has not yet beenvdecribed. It has |
been sho‘wn that‘exposure to Wann; dry air will minimise the net

catabolism of protein in the rat after burn injury (Caldwell, 1962) or



fracture of the femur (Campbell and Cuthbertson, 19'_67) and in man
after long bone injury (Cuthbeértson, Smith and Tilstone, 1968). 1In .
these studies, however, Prbtein metabolism was assessed chemically

" mainly by measurements of the excretion of metabolites in urine.

.Ballantyne and Fleck (1973b) havre studied albumin tur‘noverv Lisingb'k "
125I-labelled albﬁmin V'Ln eleven patients with fractures whq had béen | ‘
treated at an environmeﬁtal temperature of 20° and in nine patients
.tl-’eated at 30o They found that the plasma albutﬁin' cbncentfation ,
-fell to a@a minimum on day S‘kafter injury at_ZOo, but that thex;e was no'*
: si‘g.nificant altercjitiOn in fhose patients treated at 43 OO. However, the
rate of albumin catabolism was the same at either environmental
temperaturé . These workers concludéd »t-hat the fall ih plasma albumin.’

B o S . .
in fracture patients treated at 20 could not be ascribed to increased

catabo‘lism of albumin.

. Thé concentration of fibrinogenv rises oc'cas‘ionally v‘exfy cdn_sidérably, A
aftef inlery (Cuthbertson and Tompsett, 1935; Crockson', Payne, Ratcliff
and Soothill, 1966,; Davies, Liljedahl énd Reizenstéin, 1970; Koj, 197,0)‘.:_ '
- Increases éf up to twice the upperb limit of thé nofmél fangé and -
maintainéd for ﬂine days have been reported after oberation on the E

femur in elderly pa’ti‘ents (Davies et al., 1970)‘.

Alpha 1l antitrypsin and alpha 1 acid glycoprotein both increase
fairly rapidly up to 50% (Ballantyhe and Fle}ck, 1973a; Crockson et al.,
1966) and it is the rise in these proteins in spite of_ka decrease of abouf

50% in'the alpha 1 lipoprotein (Werner and Cohnen, 1969) which probab[y .

accounts for vthe'early increase in total alpha 1 globulins.



4 Alpha nglobuli_ns, ihéluding cerulovplvasmin and hebtoglobulin,
are ‘increaéedvby 50-100% (Crockson et al., 1966; Werﬁe;r and Cohnen,
| 1966) after injufy. The beta-globﬁlips such as transferifx and béta— :
; Av'lip.oprptein consistently show a decre_ase of 2>5 to 50%. (Wemér, aﬁd |
Cohnen, 19_66); The immunoglobulihs Ing‘,‘IgA,"and LgM are éeen :
nof to chénge significantly (Balvlan'tvyne» and Fléck,‘ 1973'a) unless -
there is a sourcée .of 'mféction, as. in burns, wAher.e_ the incre‘ase rﬁaj

be considerable (Préndergast,‘ Feninéhel and Daly, 1952).

(iii). _Plasma aminb acids

Changes in blood amino ac,ivd ‘coac‘en»i.:rations ha\}e ‘been 'd_escribed
shortly after injury . Engel, Winton and Long (1943) reéofted that haemorrhagic
shock in the rat wasbcharacterized‘ By a raised blood conée’ntrétion bf B
-amino nitrogen and considefed that this was ’due bartly to an increased
breakdoWn of protéin in the peripheral tissues and partly to a décreased
_ ability of the liver to dispos‘e of ain'mo acids due to the. éccompany'mg .
anoxia and decreased metabolic éctivity of this tissue. Studies by
Vah Slyke, Philips et al. (1951) in »dogs shqwed thaf haemorrhagic
shock caused deéreaéed Qrea formation, whilst Burt (19%.) répc'm:édA
that. solutions of amino acidé infused into injﬁred dogs were péorly
‘tolerated. Both these studies provided further evldence in support -

of the conclusion presented by Engel et al. (1943).

Several studies on the metabolic respohse of mlan to injury
present different aspects. 1In an exam ination of.l77 battle»casualtiesk, '
Green, Stoner, Whiteley and Eglin (1949) reported f_hét thé cohcentrations
of plasma amino n‘itrogevn waé not raised ,_and in&eed tended to bear

‘an inverse relationship to the elevated blood sugar concentrations.



Similarly, Schreier and Karchb(195.4)‘(quoted by .Cuthbeftson, 1964)
observed in man that the serum amino acids were usually lower 3 to

4 hours after operaj:ion th‘a‘nl beforei, although in 4 outof 5 patients the
isoleucine and leuéine levels rc“)’se. In this connection, Schonheyder,
Béne, and Skj‘oldborg (1974) . uéing ion exchange ch‘rokmafography,’ '_
reported a study_ofb plésmavess‘ential and noh—essenﬁal amino acids |
after abdominal surgery. .The co/ncentratiovns‘ of plasma amiﬁo acids
~fell, and while the concéntrations of brancﬁed chain amino acids as
v;rel.l as phenylalaniﬁe rose above basal leve_ls’by twb dayé after operation,
the levels of other amino écids remained low until the _severith day after
operation. ' These observations were more or less in agreement with
the more recent‘ work of Dale, Young et al. ‘(1977) who found that.
immediately after an abdominal operation of moderate or exteﬁslve
nature, the concentration$ of most plasma amino .acids fkell. promptly.
The concentrations 6f noh—essential amiﬁo ‘acids’c-:o‘nvtinued to fall forr'
the first two dayé or bmc‘)re while fhoSe of the 'essential Iamiﬁo acids

l returned to a higher coﬁcentration than immediately after'.bper‘atiOn .
Furthebrmorre ,7 't‘here appeared to be nb correlation between t_hese changés

and the length of anaesthesia or the severity of the operation.

In an attve_mp_t to find an explanation for the postoperative changes

in plasma branched chaln'vamino acids, Wedge, Cémpos et al. (1976)

| have studied the relationship between the branched chain am'mo'.vacids
‘of'plasma , urinary excret_ion of nitrogen‘ and the conceﬁtration of
circulating ketoné bodies in a group of 16 male p&nltie-nts follpwing' |
skeletal a‘nd soft tissue injury, and coﬁ pared tﬁem w'ith similar

measurements on four adults undergoing elective skin grafts. . They



found that the coﬁcentrations of the branched chain émino acids rose
shortly after operation and reached twice thé normal value b‘y_ 4 days .

; IA c;)ntra‘st, the concgntrations of plasma alaniné ,‘ glycine and g.lutarﬁié _
_écid were depressed from thé v4th» :co 7th déys . | Moreo&%er, V'aft‘er opefation,'
increased cdnéentratldns.of bfapched chain amino aclids were accompanied
by hyperketohaem ia and an elevated excretion of urinary n[trogeln..

‘Wedge __t__a_f. (1976) vhave ‘su'gg.estéd that the changes in the concehtrationé L
of branched-chain amino acids after injury indicate_a decreésed uptake

of afnlno acids by muscle, or an excessive rele‘a_se. from m'uscle' due

to an imbalance between protein synthesis aﬁd metabo”lis:‘n. Poét—' -

‘ | Qperativeha[nutﬂt'ion has also beenksuggested (Shonh@ydeljé't‘_gl..‘, 197_4) _
as a cause of the changes found in the concentrations of' plésma amido -
acids after Surgery; This su‘ggestion‘is not, howevef,. sﬁppofted by '
the ‘fact that malnufrition and» protein deprivation 'result‘ in a rise in -

~the concentrations of non-essential amino acids and a fall in those of

essential amino acids.

(iv) Muscle free amino acids

Animalvekvperiments have shown that thé concentrétions of several
. free amino acids are considerably hiéher in the cells than in the exfra
Vcellulaf fluid (Herbert, Coulson and H'erna.ndez, 1966; Munrov, 19_70;.
Adibi, 1971). . Higher free amino acid concentrations in m‘urscle tissue
than in ﬁlasma have also been reported in man (Zachrﬁ_an‘, Cleveland,
ASundbAerg' aﬂd Nyhan, 1966; } Eergstrom, Furst, ﬁore and Vin.na:—*s, 1574) .
These workers have shown nearly 80% of the total free amino acid pool
in the total body are found m skele.tal mu scie’.. The deve[opmeht of a

rapid needle biopsy techniqué by Bergstrom (1962) has made it possible



to in&eétigate thé patfern of free amiho acidé "m muscle ti‘svsue'under'

. different pathological conditions. Using thi's téchnique, Vinnars,

' Bergs.trom and Furst (1965) have studied changes in the freeA' amino acids
. of muscle tissue in five patients following uncomplicatéd ébdom'mal

: operation; ! They found that after operation the conce:ntrations‘ of essential
amino acids in the muécle remained unchanged, while those of non-
essentia,l>amivno acids fell at 3 days after opéfation’. - However, the
- magnitude of postoperative alterations in mﬁs_cle amiﬁo acid paftern

: aﬁpéars to be re laiéd té the severif:y‘o.f inj;ury énd tra.l;ma . -’ Thué studying
muscle am‘ino acid'cha'nge-s m se’vénA pafient.s who héd sevére c'ompliéations
such as spesi's' or peritonitis, Vinnars __1_:__L (1976) found that the »size

of ‘both the essential and norr;-essem‘:'ia‘l amino écid pool deéreased,
though the concentrations of phehylalan‘me was 1n¢reaséd. Moreover,'
Athe pheny'lalanine/tyrosiné ratio in muscle was mar};edlyvinc.r‘eased .
Increased bhenylalanine concentration in the muécle observéd after injufy

is in contrast with that seen in starvation - which has been re ported to

t al., 1976). These workers have éuggested that

be decreased (Vinnars
changes in arrii‘no acids following moderate and severe injury are distinctly

different from those of starvation.

1.6 Effect of injury on water and electrolyte balance

- Surgical Q'peration or phyéical injury affecté the hoﬁhal balance of
wéter and Aelectrolvyte in the body. Accordingvto FZimmerman (1972), there
is, in fact, no distortion o-f fluid‘and electrolyte metabolism to which
surgical patients aré ﬁot subject. However,: the main types of watér-

vand electrolyte disorders that are particularly common in in‘jured patients'



can be grouped as follows:f

1.6.1 -Isotonic changes in fluid volume

(i) Extracellular de,fic‘it .
Major losses of ‘extracelllula; fluid ‘(E.C..F.H)focvcur when theré LS
" a diminished intake or an‘increasebd lbss of water. it is cﬁétomary for
the consumption of food and Wate_r by most svt‘Jrgivcal patients to be
restricted fo; ’12‘ Hours or more_ before, and for up to sé&eral days- after |
surgery. The need for restriction, however, variesVWith the site and
, vnature of the bperation and in Wilkinson's viéy;r A(W'le'mson’, '1’969)_15
“often more .leng_thy and vsev.ere than‘is probab[y nece‘s. éaryj. "Tlhé
significance of Water depletion is dften undereﬁphasized as ‘the fall inl
the water content of the body is not asvsoc.iate_d‘wi_th a fall in eléctrql.ytes .
Nadal, Pedefsdn and Maddéck (1941) studied thé effects ‘qf water o
‘deprivation in normal subjects, and 'found that {yheri the intake of Watef_
was stopéed for. three days the ‘body weight fell steadily a‘ndA the daily o
volume er1[ tb about'GOO ml., but it's specific Qrax)i%y rose to about 1036',
There was nb Vch&.mge in the pécked cell volume of m the congentrétion of
sodium in the blasma, but that of non-protein nitrogen rose. E When‘véater
~was given, the body Weight roée, there was a:diuresis and ‘the speciflc ,
gravitypf the urine fell as also did the éoncenﬁfation of noh—prbtein _'
’ "nitrogen in t.he plasma‘. Experimental studies of the effects of Watef |
de’pletion in man have also been reported by Black“, McCance and Young
(1944) and by Winkler, Danowskl, Elkinton and. Peters (1944) . "These
studies, howeverv, were éoncerned with the pure syndfofne induced by a
reduétibn in the in’cake. of water while loés ‘of \;vaterv continued thfough the

skin, lungs and kidneys. Under these conditions, loss of water is

quickly reduced by a fall in urine output. The volume of uriné which



is formed during water de pletion de‘pends on fhe amounf of osmoticatly
| active splutés derived from the dietb. fProtei_n foods are degraded to |
urea whiéh requkires exbrétion by ‘the'kidney.‘ Whereas‘ fat and carbo—’
' hydrate yield mainly Water and :carbon" dioxide . On a normal diet,
water_depifivation cjuick'ly induces a situation in which the water_ available;
for uriﬁe formation is inadequate to excrete the normal solute ioéd, :ev:en
at maximal urine concentration. In injured pétients the éituaﬁon ié
. c':omplicatedr by the‘f_act-that due to the strke'ss following injury, the bociy -
ﬁetabolism is aitered so that the kinds of solutes whidhbare deriv'ed‘ from
‘tissue catabolism may differ considerably from those induced by wate'r" |
depr'ivatAion in no'r'mal subjects. E However, when the water loss LS in -
excess of 4 litreé, the blood volume dimvinishes; thé 'puls‘e speeds up

and the blood préssure falls. Initially, the Withdrawél of wafcer fror’ﬁ

the tissues to maintain the blood volume results in loss of tissue turgor,
loss of elasticity of the skin, and fall in intfa~occular 'pre.ssure.

The diminiéhed volume Qf body fluid stimulates the ‘secretion of arldosterone A
(Bartter, 1958) and Na is thus cénser&éd, SO thaf the‘A‘k’)ssv of fluivd' falls
: predom'mantly»on the intracellular fluid (I.C.F.) rather than the E.C.F;'
(Walker and Johnston, 1971). Water de plétion is indicated by a urine
Vblume belo»wv 70‘0l ml/day and thirst in the consci_ous patient. If één '
be correcfed by oral or intrév‘enou‘s’admini'strati'on}of 5% Dextrose‘.

(ii) Extracellular fluid excess;

E.C.F. excess Iin association with surgéry W.as frequently seen

in ear-li.er days when "physiological séline" was u-sed routiﬁely as a
hydrating solution. After the recognitioﬁ by Coller, Cambbell _t_-g_L. b‘
(1944) of the tendency for patients to retain sbdium in this periéd, o

~excessive use of sodium chloride was discontinued, and, as a result,



postoperative oedema beceme far leés common (Zirhmerman, '1972) and
is most frequenﬂy seen in corﬁbination with proteih depletion. ‘In
.this situation, as with dehydrétion the serem levels of ions, do not
g,;ve any indicatibn of the ove.rallr.excess }of extracel'lular electrolytes}
that ma§ ‘be present; Serial determinations of bedy weigh;c are of

. importance and Qvil[‘demon.strate 'incipient fluid retention' long before .

clinical oedema is apparent (Zimmerman, 1972).

l.»6 .2 Disturbances of‘e.xtracellular tenic ity
(i)- Water intoxication and the low sod 'Lumrsyndrome
This is the direct opbosite of Wate; depletion and in this condition
the body:~water LS .increased without en increase in fhe elee{rolyte :
content. | The recognition of the sodium retentioh' which normally qecurs
o during the early péétoperatix)e period ledf to a tendeney to aldm'mister'
isotonlc'gldcose,s.olutions iﬁstead of sal'me at ‘this tﬁne. ‘ HoWever,
.d‘u‘ri.ng the'fh;st week after operation, the excfetion of water .is slower
than Vnormal and therefore, if an excessive amount of»intkravehoAus 5%
glucose is administered, a large broportion of the injected water may be
fetaineﬁ which will prociuce hypotopicity of E.C.F. followed by a
faovement of water into the cells thus causing them to swell. Thie
particulerly affects the eerebral cells and may cause serious meetal
changes (Walker and Johnston, 1971). Water intexication has been
described after rectal adm inistration of Qater_ (de Takats, 1931) and
after excessive drinking of wat’er ih the immediate posto perati\}.e period
(Wi‘lkinso_n, 1969). It may also arise ’in coeditions in which fluid and
velectrolyte [os‘s'is replaced by }water onl'y." A particulaf example is

when gastric suction is used with the replacement of the electrolyte-rich



fluid _by 'intravenous‘ 5% dextrose (Walker and ]ohnyéton,v '1971)v' ' Wéter .
_infoxication is associated with low serum sod 'LurrAi lé\}éls and neurologicé-l
: cha»nges are frequently seen at serum sodium levels 'below 125 mmol/litfé
and almdst always at 115‘ rﬁmol/litre (Zimmerman,' 1972). | Since_
hypon'atraemia by itself impavirsthe k,i,dnvey"s ai:ility to reSpond to a water -
load (McCance, 1936), it has been suggésfed thatvvth_is syndrbmé represénts
a self-perpetuating éycle which can be interrupted only by introduction
 of a sodium loaﬁ for excretion (Zimmermar_x, '1972);‘ TheSeloﬁser\)ation.s
-.emphas;is.e the. important role of the sbdium io'ri i.n the fnaintéﬁance of
ﬁormal water distribution.
(ii) Chron.icb hypernatraemia

In contrast to acute hyponétraem ia associated With water intoxlication,
which is followecvl.by impaired 'function of th'e ‘central nervous system, ) |
chronic hypoﬁatraem_ia develops when the sodium deple‘tioﬁ ‘occm.'é _ovér
a long period of time and ﬁormally is not associatéd with disorders of the -
central newods sys-tem (Black, 1967; Zlimmerman‘,' 1972). ‘C"-h‘ron'i.c
hypona}traemia is freduently seen in.malnourished patienis and élsd 15
véry common after opérations (Moore, 1954; Zimmerrvnan, Casey andb
Bloch, 1956). 1In thisv _condition a le plasmé sodi'ur‘n concentraﬂon is
'aCCOmpaﬁied by a vlow plasma protein ievel. Récognition of é reduced
‘plasma protein level is Véry im portant si_ncev pl‘aéma sodium_ doésbhot
respond to h&pert'onic salinez, ‘énd indeed, admiﬁistratloﬁ of i_arge volumes
of ks.ovdiu‘m-containing solutions results in oedema which would lead to
further surgical complications (Black,  1967; Zimmerman, 1972). It has
be’en suggested (Black, 196‘7) that under these ciréurvnstancesbisaline |
should be given onl} when a low plasma sodiUrﬁ is accompanied by .

evidence of low plasma or E,C.F, volume. Administration of plasma,



or salt—ffee albumin, has a.lso been reportéd to be of benéficial val-ue -
avnd Leads to improvement and normal electrolyte cohcentrationvs in
: hypdn.a"traemi’a (Zimmermari, 1972).

(1115 - Hypéma.traemia o -

| The reten’tion 6f sodium after injury is one of the mbst constént
,featufes of.the metabolic response to trauma and is mediéted through
thé release of aldosterone. | It begins immvediatelby after injury, reaches
its ’ma‘ximu’m‘ by the second day, and lasts .for 4-6 days ér even .lo'nge'r,
depending on the agé of the patient énd on the severity of trauma
(Walker and ]ohqstbn, 1971). Retention of sodium vis accompanied |
vby rete‘ntioAn of water. This prevents a rise hiblasma sod ium occurfin-g
during a normal ‘response to surgery. There are, however, circﬁumstances ;
under which the plasma sodium concentfation doeé rise.- For examp_le,
hyp‘ernabtréemia has been found-in infants whose feeds were made with
insufficient water (Simpson and Q'Duffy, 1967). It has aléo been
réported in patients to whom sodium sulphate had bveen adminiétered

for the treatment of ‘hy'percalcaemia (Heqkman and ‘Walsh, .1967) ..

Si,n‘ce hyperna:tra.emia‘ fundarﬁentally ex'presSes hyperosmoflality,’ A

it can be induéed.by a high‘ intake of othe; solutes as welbl as sodium
saltsv(Black, 1967);, In this connection Zimmerman _(1972) has reported
thaf hYpeanaAt;aemia. obsevrved in surgical patients ;s rﬁost corﬁmonly
the result of high osmotic loads of non-electrolyte materials.
A -particﬁl‘ar example is when gas}tri'c and jejunal tube-feeds contabining
high concentrations of cbarbéhyd‘rabté and protein or amino acid$ were
used without suffic iént available water for the excretion of the éolutes .
These obsérvations have led to the suggestion (Zimmérman, 1972) that

it is mandatory that such feeds when they are used, are accompanied



- by intravenous infusions of sodium~-free 5% glucose solution.

1.6.3 Dkisturban’ces of acid—base equilibrium A
Metabolic distortions of acid-base balance Which mvay ocecur in
the practice of surgery‘ can | be ~ conside;ed ﬁnder the following
headings:- | |
(i) - Metabolic .alkalosis‘
| In metaboiic alkalosis the reducfion m hydro‘gerri ion concentration-:“
| may be due eithef to an absolute increase in thé_ciuantity and ’concerbltrat-ion »
of extraqellular bicarbonéte or to the loss of h'yAdrogén‘i.on' from the body. .
Under normal cond itions.of health thé body has a éreat cvapacity‘to |
B tolerate lérge doses of bicafboriate.' Thus Van Goidsenhoven, Gray,
Price and Sanderson (1954) found tﬁét pétients Without re'r‘1al and metabolic :
disease could tolerate doses of sodium carbonaté Qf Lip tQ 140 g/day
fo_rv3v weeks. The main body defence mechanism against bmetébolié '
| alkalosis is the renal excreti‘on' of HCO, . Pitt (1963) found that thev:

3
kidneys normally reabsorb 24-28 mmol Hcog/Litre of glorﬁerular filtrate

thus stabilising the plasma HCO

5 at 24-28 mmol/litre. Any excess

3 is excreted in the urine. 1In ‘surgical patients metabolic alkalbsis

HCO
i‘s commonest wh_en theré is pyloric obstruction Land fhe )’lossA of acid’ by

“the répeated vqm_iting of géstric sec_:retions is accéntuated‘by the excesvsive'
consumétion of sodium bicarbohate (Wilkinson, '196§). Wheh vomiting

and sgction are repeated or 'prolonged; ‘the situation isv com plicated by

‘the lqss, in addition to hydrogen and chloride, of significént a'mvount's,

of sodium and potassium (Davieé, Jepson ahd Bléck, .1956)‘. : Reri_al.

function is impaired, and simple replacement 'of chloride is inadequate to

correct the alkalosis (Black, 1967 )‘. In these circumstancés it has been



suggested '(Roberts, bRandall, Philbin end Libton:,. 1954), that it _is

.nece’ssaryA‘to correct sodium and potas}siumv before treatment of the alkalo-sisr.

(11)  Potessium deficiency. | ‘ |
Control of 5ody ‘potassium d“szerbs fromvtvhet of sodium in tﬁat the

‘kid)nveys do not deal with potassium 'Ln.. the “s,ame'way a’s sodiem. "

"Excretion of potassium in the urine cent'mues. e{ren V\}hen fhe intake ‘of , |

food is re'stx.‘icf‘ed or ceases, and this'contieuing loss i.leads to slow;.'

) debletion of the body pota'ssiumf A few h.ours after operetien, or

injury, therbev is qshally an inqrease in the‘u‘rinary excretion of pota-s.sium ,'

as part of the nermal metabolic response 'to injury The urinar;vz.:‘potassium

excretion is max'imai in theﬂrst 24 hours énd lasts for 2 to 3 daysb

(Johnston, 1964)‘.' As there is no »1nta‘ke’ during that pe.riodbthvis loss

reflects a negative potassium balance. Moreo{rer,. .in so far as in‘tra-v

venous admlvnistration of salirie or glucose js.ovlutions 'Lhcrease the

uriﬁary potassium loss (Wilkinson, 1969),’ t_h'e administration of such

: solutions to surgical patients may greatly contfibute to potassium |

- depletion. Hewever‘, the amount ef potassium lost after injury, ofv

Qperation, is related to the general state of nutrition and to the size

of the muscle mass., Whieh conteins o{zel‘e?f).% of the total potassium in

'vthe bedy. In W'llkinson'skview (Wilkinso'nv, 1969) the loss of 200 mmol

in 2 or 3 days is well tolerated by most patients, and is a combmonv.efvent

after fnejor operations such as partial gastrecfomy. ' Negati.ve potassium

balance ils quickly corrected when e hormal dietary intake is resumed ' ,

‘ (Walker and ]oheston, 1971.). However, if normal dietary intake is

'not‘_resumed for a few‘days afte; operatien'and potessium loss rerﬁains |

“high, a potassium salt should be administered preferably by mouth,

to prevent potassium depletion.



(iii) Metabolic acidosis

| The metabolic production of actl_ial andv potential hydrogen ion
is a nbrmal phenomenon. It is acce_ntuated.by a diet rich in S_L‘llphul‘v A
énd phosphoru.s (i.e. in protein); by a diet which allows the 1nc§mplete
oxidatioh of fat (a ket‘ogenic diet); and by forced exercise', which lead;
to incomplete combustion of carbohydrate té lactic‘acid rather than '.co;
carbon dioxide and water. This normal prbduction of hydrogen is 'dealt | ‘
with by continuous or increased activity of the lungs and kidnetys . |

Reaction of the acid with HCO,, liberates‘CO which is excreted by the

3 2

lungs. ,HoweverAmuch of the acid load is excreted in the urine along
| + ++ -t ' L
with the cations Na , K , Mg and Ca , and in a severe prolonged

’ metabolic acidosis the body content of these cations may be diminished. -

Undef pathological conditi.ons, the rate of acid pfodﬁction may
rivse to a leirel_ beyond the body's homeostatic méchanism to control.
For éxample, the excessive proteiﬁ breakdown in fevér, tréuma', starvation,
or dehydration can lead to éxcessive hydrogen .prodl.lction and to acidosis

(Black, 1967) .

In ‘surgic'al patients metaboliq acidosis may érise when fhere is
the loss from ythe ‘body of secretipns posses_,sviAng a high‘sodium coﬁcen-—
tratibn (Zimmerman, 1972) .> For example, m patients with pancreatic
fistulae a Ala_z»*ge aﬁqouht of pancreatic juice may be lost. Since pancreat;c
_juiée has‘ a spdium concentration comparable to that of plasma, »e’xcessive» |
loss woﬁld lead to metabolic acidosis. Unde} theée circumstaﬁces,
'es pecially when there is increased protein breakdown due to trauma and/or
étarvation, admiﬁistratlon of sodium bicarbohaté Amight become necessary

to avoid a metabolic acidosis.



(iv) Magnesium deficiency

Magnesium is the cation. preéént in second‘ largesf ér_nount iﬁ the
intréCellular fluid and has an important role to play in relation tb enzyme "
" activity. All reactions invo lving‘phosphate tranéfer, ir_iclﬁdiﬁg él['v:
étages of oxidétive phbsphorylaﬂon, are‘magnesium depeﬁdent (Pel'l and -
Burns ,'_1.976) . The adult humah weighing 70 Kg contains approxima_feiyi e
833 to 1200 -mmole of magnesium (Widdowson and.DiCkestn', 1964;
.Duckworth and Warnock, 1942). About 55% is présent in bone and’y
abbut 27% in mus‘cle. The,p‘lasm'a. concentratiéﬁ nérmally ranges between |

0.75to 1.85 mM (Wacker and Parisi, 1968).

_' The question of replacement of the magne'sium 1onv and thé r‘are |
occufrence of magnesium deficiency éyndromes aré métfefs of considerable
interest. Although the intake of magnesium in the avel;age diet 1s said
J:ok bé Iabout 7.5to 20 mmole/déy (Seelig, 1964), fh.é normakl person .
.appears _able to conserve this ion effectively in the prese:ncé of a
d_eficiént intake . Studies Qf ]onés, Manalo aﬁa Plink (1967) suggest
that as little as 0.1§_mmole,/dayWould ma‘mtainanbrmal adult in -
rriagﬁesium .balér‘lce, that a magneéium—defioient diet éan be _tolerat}ed
' fbras:long as 38 days, and that thefe J.S no s‘igﬁificént»obligatory‘loss by
- normal kidneys and gastrointestinal tract( o;\fef that pefiod of time. | Never-
“theless, magnesium déficiency has been répdrted in.a number of

pathological conditions, such as bmalabsorption (Gerlach, Morowitz and

Kirsner, 1970), chronic alcoholism with malnutrition (Va[lee,Wacker
and Ulmer, 1960), prolonged magnesium-free parenteral feeding in
association with prolonged losses of gastromte'stlnal secretions (Gerst,

Porter and Fishman, 1964; BafOn', 1961; Broughton, Anderson and Bowden,



1968); It has also been suggested that eve.nb in the absence of
measurable lossés, blood levels fall inv association With surgical

‘ operafions (Sawyer, Dr.ew;e_g al., 1970). However, in Zimmerman's.
. view (Zimmerman, 1972) major operatibns, particularly gastrointestinal
| operations, presént a threat to effe'ctvive magnésium levels. This occurs
most frequentfy in vpatients who have diarrhoea, gastrointeétihal drainage .
bor. loss‘.of function of large portions of the intestinal tract er long .
pefiods, and also with parenteral ‘mainten‘ance withqkut inclusion of
lhagnesium ions. Zimmerman éuggests that parenteral adrﬁinlstrationv

of rﬂagnes';um- is Lndicated when the bléod lével falls below the hormal
range of 0.75to 1 .25 mM or v'vhen‘the »ur'mary> éxcretion of magnesium

is less than 1.5 mmole/day.

1.7 - The endocrine response to injury

'Irijury or surgical operation initiates a séries of metabolic br
e'ndocrine,‘ changes which are aséocﬁiated with normél rebcovery», repair,
and convalescence. However, acéord ihg to Johnston (1'974) the mechanism
by which the endocrine and metabolic response is éctivated after injury k
has not been defined clearly ahd the mode of action ahd physiological |
role of the various inormone_s in maintaining homeostasis after injury is

notAfully understood . .

' Hinton, Allison, Littlejohn and Lloyd (1971) have suggested that
somve of the metabolic changes which follgw injury co‘uld be mediated
by a change in endocrine pattern in whiéh a diminished secretion or an
effectiveness éf the anabolic hormone ,. insulin is a‘ccomapni_ed by

- secretion of the catabolic hormones, cortisol, catecholamines, and



glucagoh. This hypothesis is diagrammatically shown in figure 1.2 .
_ In order to give a comprehensive picture of the hormonal changes following
‘injufy, it is necessary to discuss its effedt, on the secretory activity of

- the endocrine glands. .

1.7.1 Adrenal cortex secretions

Thé most striking aspect’of the eﬁdocrine responsé _involveé the .
‘adrenal cortex. Three types of hormones are produéed, namely,’ ‘ v
g‘luc'oco'rtivcosteroids, minera lbcorticoid‘s,v ‘and adrenval mevtabolvifes of
the sex hormonés .- The glucocorticoids have. irnpbrtant bmetabolil‘c
. functions, and cortisol is the main member of tﬁié group' pfoductioh of :
- which i-s’ inéreésed aftef inj_ury.  The mlnefa}océft—i;:o.vids | ére secrete"d
.in relatively sfnall amounts and aldosterone is the prlﬁCipal hormone
‘in this group; its production is elevated. after béefation.v ']L‘hez adrenal
metabolites of the sex hpnnohes have very little metabolig: lfunct.lgn
(Iohnston, 1964) and their output barely alters -in respon'se‘to ‘tréuma.
(i) Cortisél

Physical inju{ry.br surgical trauma st'irhulates the bsec';retion of
ACTH (Coopef and Nelson, 1962)’ which in turn prbduceé an increased )
duf;put of édrenocortical hormones. The p'lasma cor;lso[ level rises;g
bxv'api.dly during a sqrgical operation and Ia peak is réadhed af between 4
' vand 6V hours‘, add thereafter the level returns slowly towards the resting
value (Sapdbérg, Eik-Nes, Samuel aﬁd Tyler,' 1954). - The heiéht of the
»‘ response‘dep’ends not only on the rate of production of cortisol, but also
én the rate of conjugation, metavbolism‘ and ‘excretion of thev steroid by

the body (Johnston, 1967).

The excretion of cortispl and its metabolites in the urine after -
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trauma is increased for a much longer periodi -than that dufing which
fhe plasma coz-ti"svol is raised and provides another mera.svur.ement‘ of the
total adrenal response'b (Moore g;gl. , 1955). Cortisol in the 'plasma '
is either bound to pl'rotein or ié free. The free cqm-ponent isvfiltered
in the urine and its measurement is béliév_ed to brpvide a moré accurate
~ picture of changes m adrenoéortical activity (Espiner, 1966). | When
the free cortisol in the urine Was measured béfore and after vérious_"
kinds 6f. sur&lg\ical opgration, a wide range Vo’f respc;née was found
4(Espiner,'1966). A thirtyfold increase in cbrtiéol'_éxcret-ions was
found afte.r é major dperation such as abdomihdperineai reAs‘ectibnt of
the rectum. Bilateral stripping of véricose ve_in.s‘ éfodu_céd »a similar
'extensive response, whilé hernia opérations and other ﬁlinbr proéeagres
producéd only av small increase. These observations led to‘ the éuggestion
that the extent of the adrenocortical ‘response' ma.y d‘épe-n'd‘ upon the am.o‘unt |
bof tissue damaged at the time of the injury (Espiner,v 1966).
| (ii) Aldosteroné . | | |

Raised aldosterone level-,s Were first de;cected_in sﬁrgicﬁal patients
by rhéans of bioass'ay tgchnlques . Thé urine of ﬁos’coéerét'ﬁve pat'ients
wasjfourid.to have sodium-retaining properties- Whevn ihjécted ,into |
adrenalectomized rats (Llaurado, 1955)}‘ Further indirect evidence of
the role of aldosteroﬁe in postoperative electrolyte'changes -carrie frc_)rh "
: studies using the aldosterone blocking ageﬁt spironolac'toﬁe'. VThus,'
Johnston (1964) measured the daily balance of sodium in six batients
after abdominal operation‘. Three weré given_spironqlactbone (:4.00 mg/day
by intrarﬁuscular_injection) and the remaining threé acte& as controls. _
The patients given spironolactbné all excreted_'léfg.é afnounté of sbdium ,

after'operation compared to the controls. Johnston (1964)~cohcluded



that a sodium~-retaining hormone was active after abdominal operation
‘and that this activity could be abolished by an aldosterone blocking

agent.

Studies uSing difect estimétbn of aldosterone in the urine after
operation have confirmed the results of indirectbtechniques and an
.increased outpuf has‘beenvreported after surgery V(_Hume et al, 1962).
However, aldosterone secretion is controUed among f)‘ther‘things by
a‘cuvte changes in blood—volume».’ Walker (1965) has shown that
intensive monitoring Jof blood volumevdur}'»mg and éfter open he.art surgery
réduce,s the secrletion of aldosterone when compared with 6perations of
com parable ée{rerity during vwh’ich no.monij:or_ing takes plac‘e.' High :
~ blood Iévels of potassium have been found also to siimulate' aldostefone
release directly (Moran, Ro‘sevnberg, and Zimmerman, 1959). -

(iii) Thellpermis‘sive rol»e of the adrenal cortex.

v.'Surgical trauma isvfollowed by changes in the metabolism of protein, -
carbohydrate aAnd e-lectrolytkes which are similar to thos‘e foﬁnd in Cushi.ng's
~ syndrome or after large doses of cortisone (Johnston, 1967). A cqrrelation '
was aiso found bétween thé extent of the p_ostoperativ_é negative balance
of nltrogér-i. and the amoﬁnfs of cortisol and its metaboli’tes found in the
'urin_e (Mobre et al., 1955). These obsarvations suggested that in‘the‘a
poétoperative patienté ;che adrenocorticél response was a direct causek_
of the changes in metabolism. Further studies, how_éver, produced
. evidenc_e to show tha‘t all the postoperative metabolic évérits cou[d ﬁot
be explainedl in terms of ir‘lc.reased édrenocorticall acti‘viﬁy.' in this‘

connection, Johnston (1964)‘ has found that the metabolic response to

major surgery in patients who had already had their adrenals or pituitairy '



_.removed earlier, foilows ‘the normal cﬁoufse when constant maintenancé
doses orf cortisbl were given» throﬁghout the period of streéé .. In the
same study nitrogen excretion and adrenal funcfions werev also'comparéd
in un'dernourished. and well nouriéhed ‘subjecté after surgefy. It was

_ found: that édrenal respbnses were similar in extent while the nitrogen
loss in the poorly nourished patieqts was greatly r_éddced. Mﬁnro (1966)
investigated the mechanism o_fi these differenées.in an animal study, and
, found that the administration of steroids t‘o‘protein—de pléted avnimals k_
pro.duced an increased nitrogen loss, Wheréas sveveiré injury in the

' présénce of protein depletion had no effect on nitrogen excretion. .

| Evideﬁce such as tﬁis led Ingel‘(l952)vto 'd'e\}elpp the concept of.
the perr'nis‘sivev réfher than qausative role of the adréhal .cor’cex in the |
metabolic response to injury. 1In éfher' words, ad‘renoéloxticoids Were'
‘nebéssary for normal metabolic changes to bccur, but they do not cause
the changés, kémd both responses can vary indepehdently of each :other.
However, Alberti, Batstone and Johnston (1977) have recently put thié
_View in question. These workers revieWed the ériginal experiments
which'rel.egated gortiéol to this passivé role, énd céncluded that an
impbrtant criticism of these studies, apart from their failure to use the
physiological giucodorticoids of the rat, corticosterones .in. physiologicalf '
dosage, Was the ﬁarrow definition of the term catabolism andv the. long-terrﬁ
natﬁre of the studies.l In confrast to previous worke‘rs who _-havve-‘
equated catabolism with tissue‘ on total body protein loss, thése workers
defined catabolism as inéluding glycogen breakdown in the liver and

other tissues; gluconeogenesis; mobilisation of gluconeogenic precursors

from extrahepatic tissues:; proteolysis in extrahepatic tissues; and



lipolysis with the mobilisation of glycerol, NEFA and hence ketone bodies; :

In order to e>‘<amvine the poésiblé active role of cortisol after injury,
Albértie_ta_l. (1977) induced an increase in piasma cortisol iﬁ normél
| subjects by injecting ACTH in the form of Synacthevn-depot (Vl ing/day
’ in‘;ramuscular) for three days. They found tha"c the plasma cortisol |

concentra'tipns achieved were similar to those found in their severely

| burned piatients.. ‘ Purtﬁermore, the fasting conc‘entrations of sevexja-l .k o
hormones and metabolites were altered. Thus blood glucose concentration-:'r |
 'was. increased as was serum insulin, but glucose"toleranvce was impaired |
despite anAexage_rated insulin» respbnse . ‘Concent‘ration‘s of the |

‘gluconeOgenic precursors, lactate, alanine and pyruvate were also

grossly elevated.

. These findings in normal sﬁbjects supported their hypofhesls that
the rise m cortisol found after trauma contributes to the increase in fhe-
circﬁu’lating concentrat‘;ons of gluconeogenic precursors.i On this evidence'_ ‘
they suggested that the metabévlic response to injury could be eiplained ‘
' bdvn the basis of an early ph‘ase dominated first b}lr cortisovl'and catechol-
amines, with glucagon over-riding these effects in the second phase ..
Mofeover, each of these hormones plays an individual aﬁd activé part

in the response to trauma.

1.7.2 Adrenal medulla

Two catecho}lém ines, namel‘y, adrenal.ine and noradrenaline are
secreted by the adrenal medulla. Catécholamines are cloéely assbciated
with ca’rboh'ydrate' fnetabolism. They cause the mobilisation bf glucose

from glycogen (Sutherland and Robison,. 1966; Krebs, Delange, Kemp



and Riley, '1966) and free fatty écids from adipose tiséue (Steinberé,
1966; Frédholm, 1970). The stimulation of both glycogenolysis and
lipoiyéis by catecholamines appears to be mediated by activation of
adenyl cyclase with a resulting incfease v'm' intracelmlaf cyclic AMP
(Extoﬂ, Lewis, Robison and >Park, 1971; Burns, Langléy and Robison,
: 19‘71); It has alsb been shown 'that catecholamines inhibit‘the rel»easvev'
_of 1nsulfm in respohse to a glucose load (Porter, ‘1969;‘ Mayhew, Wrighf
and Ashmore, 1969) . More-‘recéntly Chf_isfensen’, Alberti énd Brands‘borg
'(1975’)'h'ave reported a 3»to 4-fold 'mcre}:asek.in blood iactate concentration

following an infusion of adrenaline.

AlterationsA in the secretion of catecholam ihe folloWing mjufy have
been studied. Thus, Pekkarinen '(1960) _repo;ted that the urinary |
excretion of catecholamines, meaéured chemically, was increésed for
many days after severe injury. Other workers using bio—aséa.y methods
have found a similar,. but‘less prolo:nged; rise after uncomplicated major
abdominal Operatibns (Haimé, Pekkarinen and Turnén, 1957). Increased
sevcll*etion‘ of catecholamines_have also been 'repo-rted in patiéﬁts with burns -

(Witmdreiet al, 1974a). However, Alberti et al. (1977) believe that

further measureménts are required to pinpoint the timing of ihe changes
in catecholamine excretion following injury since they are critical to the
interpretation of the changes in fuel homeostasis. These workers have

“also postulated that the immediate phase of the m_etabolié response to

injury is dominated by catecholamihes. .

1.7.3 Thyroid
Postoperative changes in thyrdid function have been the subject

of considerable investigation. Some aspects of the metabolic response



.to injury 'have suggested the participation of thyrokine (Golden_bérg, Lutwak, . |
Roseribaum and HLiys, 1956). The resting metabolic expenditﬁre after |
operation of m‘o‘der‘ate sevérity is increased by 10%,‘ but totai energy
eXpénditure is unaltered due to a reduction in activity (Tweedlle and
Johnston, 1971). After severe injury‘, metébolic expenditure and bxygexi- '
AéOns»u‘mptfion is also increased (Kinney"gj:_va_[.‘ , 1670) .. Fufthef;more_, ‘hyper-
'glycaemia is found after major'tréuma‘ and the rate of g:lucose util-is‘-ation

~may change after operation (Johnston, 1964).

It has been suggested that the chanées obser%réd aﬁer injury ér '

.op.eration are similar to those due to excessive circulating thyroia
" hormone (]ohnstoh and Beu, ‘1965) 4. }D'Lrect evidencé» of al‘terat‘iori in 3
thyroid fu‘nctlon‘following operation has bome froni hurﬁan é;.cpe‘rimental' )
studies (Johnston and Bell, 1965). Thése workers first repérted that
after an abdominal operatioh fche plasma concéntrations of prdteinf- |
bound iodine ‘rose within six hours , and the'high .level‘s were maintained
'bfor f.hree days after .surgeryk. The capacity of the thj}réid to take up
lodine after abdominél sufgery was alsb inves;ciga%:ed by thése wbrkers, 4
andy a markéd reductidri was observéd follo.wing 'an oral dose, though '

it tended to return to normal levels within the next twb days. In thé
same study Johnston énd' Bell, investigated the effects of intraver_lours
infﬁsiohs of hormones known to be increaséd after injury, on the rate
of thyroid uptake of iodine. Their resulvts showed that ACTH, ahd
epinepherine héd no effect in t'his respect and therefore fhey éon-cluded ‘
that the postoperative reduction ir; iodine u’ptake by the fhyro’id could |
not be attributed to the increased circulating levels of either of these
catabolic hormones. Moreover, the fall z"a‘:ther‘.thar‘l the fise iﬁ iodineA '

~uptake by the thyrdid suggested that TSH activity was not increased in



the postoperative peri'od . This was later confirmed by direct radio-

immunoassay estimation of TSH after operatioﬁ (Johnston, 1972).

Thé rate of production ana utilisatioh of thyroid hormones appears

- to be enhanced after operation. Thusr, Blomsfedt :(1965)} hés fou.nd thatr
the raté at which fhe tissues use free thyroxine.and excrete it m tkhe |

: urine is in"creasediafter abdominal surgefy. 'I'he plasma cohcentration

of free thyroxine is bélievéd to be the most'ac‘cﬁArate assessmént of

; thyroid ac.tiv ity as this is the fraction which can Apenetrate cell membraﬁés
and exert: a metabolic effect (Johnston, ’1972); Prée thyroxine. exists

in equilibrium wi.th thyroxiﬁe bound to globuliﬁ, albumin and prealbumin. -
Therefore, any changes in the kconc‘entration‘csrf th}roid—‘bind‘ing proteins
would lead to an 'mcréase in free hormone; ' .In ;chis connection , Kirby

and ]ohnstpn (1971) reported that thyroid—binding preaibumin (TBPA)

, levéls fell after abdominal surgery a»nd were found low Whevn.there wés

an increase in freev fhyroxihe concentration. The fall in thé plasma
concentration of TBPA has been shown to be due to an ac.utevreduction of
synthesis.of the protein (Schwartz and ﬁobérts, 1957; Biomstédt, 1965).
’4Based- §n this evidence; Johnston _(1972), proposed that the postoperative
increase in triiodothyronine is related to the fall in‘ TBPA releasing free
thyroxiﬁé which is preferentially bound to thyroid—b'mdihg globulin (TBG)
thus ,re.leasing triiodothyronine. According to this hypéthesis, TBPA
holds and controls thé release of free T4 for ‘inetabdlicv. purpbses in the
tissues. However in ]ohnéton' s view this.thypothesis suffers ébjection
VJVErom-the fact that only about 15% of the endogenoué T4 is bound byTBPA

and its control over the release of free T4 seems to be far less im portant

than TBG and therefore, the changes in the binding capacity of TBPA. '



cannot acbount for chanées in the COﬁcentrations of free T4 foﬁnd in
illpatiénts; ~ Moreover, while novc-:ha‘nge in TBG i)inding capacity hays
bé‘eﬁ observ‘e’d'after elective abdorhinal sufgery (Kirby and ]ohnstovn,'
1971) ,Aothers’ (Harvey, 1971) ‘havéffound depress‘ed TBG values in |
seriously ill pétienfs and have demoﬁstrated an inverse fe,latiorishi-;)‘v |

between TBG capacity and the free thyroxine fraction in plasma.

Thyroxine se}cretvion‘ froﬁ the thyréid, éndv its"clearance from the.

. plasma is increésed after injury. . Thus:Hafland,. Orrvand Ridhardé (1972)
_reported‘that after abdorﬁinal operation thyroxine release was increased
by 25%. In this connection Woeber an& ﬁarrvirs'on (1971) have shown that |
the clearance of exogenously labelled T3 and T4 from (plasmar was
accelerated d"uring stress and acute infeqtion: -i‘n’m.onkeys. ‘The increasve »
occurred w‘ithin 8 hours and it was concluded that this Waé Anvot re,lka'téd.
to.any chahges in bind ivngAsites . Nevértheless, in spite of acce‘leré{éd'.
clearance of ekogenous hormone, endogenous labeﬂed T4 remairvledv
ur;changed in the serum. | "I'hese findings have led to the suggéstion‘ -
t_hat the transport of fhe exogenous unbound hormoné into thé céll 15 -

accelerated in stress (Woeber and Harrison, 1971).

‘1.7.4-. Pancreas
(i) Insul»i.n secretion
Abnormalities in cérbohydrate metabolism foliowing éurgi;:al
operétion were first ihveétigated 5y ]ohnstbn (1964). He} found a mérked
‘reductio'n in tflé rate of glucose utilisation immédiateiy after abdom iﬁal
koperation as indicated by a fall in the rate of glﬁcose disappear.anc‘:e
from the blsod folléwiné an intrave‘nouvs injection of glucose. bFurther

studies of the elevation of this reduced glucose utilisation showed that



v"che maximﬁm fall occurred on the fi.rst postoperative day, witﬂ normal ‘_
values beih§ almost reached‘ by the third day (]ohnstori, 419.64) Prbrﬁ_
hisA observations, ]ohnsfon postulated that the mechanism of fhese
changes was endocrin:évin origin. Eﬁdence in support of this \}.iew
c':ame‘ three years later when Allison, Prows and Ch‘a.mberl'm (1967) :
deécribed a failure of insuliﬁ secretion in the acute phase éf injury. :

These workers extended their observation to patients with burns (Allison

t al., 196_8)' in whom a standard 25qg i.v. glucose_tolérance test
(Samolls and Marks, '1965) was performed during the shock‘phase of.
‘mj‘ury and repeated one to two .Weeks later. It was foundv that in the
acute phase of 1f1jury_ there was a féilure of insulin response fo a
glucose load,liassociated with marked»glucos.e i—ntolérancé, aﬁd'that, E _;
this responsé was proportional to the severity of the injury which
could last upto 72 h. Subsequently there wés bérsistent glucose
i_ritolerance associated with abnormally high ‘insulln levels, suggestiné
resistance to the éétion of endogeno'u'é 'msul"try (Alliéon, .1974.) . 'vr‘hesve
abnormalities observed in patients with bﬁrn injurf were confirmed by
: othéfs (Alberti et al., 197.7) . Similar results havé been obﬁained in

studies of patient-s undergoing abdominal surgery (Allison etal., 1969).

‘The suppression of insulin release which follows inJ.'_ﬁry‘has .beenv
suggested to be mediatéd by catecholamines. Coore and Randlé (1964)
found that adrenaline prevented the rélease of Insulin from rabbit |
pancreas in vitro. Similar observations have also been madé in mah "
(Porte, Grobér, Kuzuya and Williams, 1966). Furthermore, "Llsing o; and
g adrenergic blockérs, Porte et al. (1966)'v§ere able to shbw that this‘

.phenomenon was due to catecholamine inhibition of cell secretion.



Nevextheless‘, the'cause of >the insulin resistance which follows injury
has rjot been described. 1In thié connection, Ros.s,r Johnston, Welborn
1 and ;Wright (1966) studied this phenomenoh r‘m patienté unoiergoing

' abdom‘ina'l 'operatién and were unabLe to correlate it with the increased

' sebretibn of hormone -aﬁtagonists such as coxfﬁisol and g;‘owth hormone.
| Howevef, inactivation in the plasma of resistance af _thé cell membrane

has been Suégested as causing insulin antagonism in injury (Allison, 1974).

~(ii) Glucagon secrefion

| It is now well accepted that glucagon hvavsv a hyperglycaemic actlion
resulting from st@mulation of hepatic gl'ycogenovlysis. “In addition studies
wvithvperft.lsed liver ha\}e demonstrated that glucagon also enhances
g‘luconeoge-nesis as indicated by increased incorporation o_f amino vacids
(Garcia, Williamson and Cahill, 1966) and laéfate_(Exton andb Park, 1968)
into glucose, and a'ugmented hepatié urea formatioh (Garcia et al., 1966). A
‘Observations in intact man and animals als§ ’suppo‘rt a gluconeogenic
effect as evidenced vby augmented hepatic up;s:ake of amino acids
: (-Shoemaker and Van itallie, 1960; Kiblef; Tylor and Myers, 1964) and
increa‘sed urinary excretion o_f nitrogen (Salter, Ezrin, Laidlaw and Gornall,
1960; Marliss, Ao]%i,él_q_l_. p 1970). Glucaéo'n has also been implicated'v'.
in the fegulation of lipid metabolism. Thus, édmiﬁistration of small
doses of the hormone to anaesthetised dogs resultedAin an elevétion of
plasma free fatt§ acids (Lefebvre, 19665. In contrast, ‘.Lefebvre (1965) |
,observéd that administration of large doses of glluéagon to normal man
resulted in én initial'fallb in plasma FFA folléwed by a secondary rise.
It has been sﬁggested that the early fall in FFA in probably not a direct

effect of glucagon, but a consequence of glucagon-stimulated insulin



secretion demonstrable when glucagon is administered in a pharmac'ological

but not in a physiological dose (Bondy and Peﬁlig, 1974).

The development of radioimmunoassay techniquesvin recent yearsv
has made it possible to study glucagon reéponse to stress of different
pathological origin. It has beeh suggested (Lin‘dsey, Santeusanio et al.,
'1975) that plasma glucagoﬁ levels rise Whenever need for endogenbué
-fuel production is increased, as in starvartibn (Aguilar-Parada and |
Eisventraaut,’ 1969) or after méjor_ traurha such as»fracture v(Meguvid,' :
‘Brennan et al., 1973) or burns (Wilmore et al., 1974b). More recently,

‘Russell, Walker .ar.1d Bloorﬁ (1975) studied alteratiOné 1ﬁ glucagon |
concentfation‘ in patients undergoing abdominal ope_-ration. These
workers repofted a signiﬂcant rise in pla_sma glucagon during ébdomina[
‘su'zjgery. " In contrast, Gidding.s, O'Connor_"c_a_l‘. (1975)Vstﬁdy1ng_ a o
heterogenous groﬁp of patients undergoing different kind of operatign
obs;ervedvno change ih glucagon concentrations during opefation; Tﬁe};'
did, however, observe a 'éignificant r»isevon the second pbs'toperative_
day. The discrepancy betWeeh the findings in thése two studies could
be_ attributed to the t}ipe of surgical procédure involved. Ih this
connedtion, B[oom _ea_t__éa_L.(1974") have shown that végal stimulation resulted
in an increased glucagon production. . On this evidence, fhérefore, it
_ could be poétulated that the éle\)ated plésma Qlucagon concentration |
observed during abdominal surgery (Ru‘sséll et al., 1975) was a result

of vagal stimulation during the course of the bperation .



2. NUTRITIONAL PROBLEMS OF SURGICAL PATIENTS

" In thé preceding.paragx;aphs the alterations ih enérgy:, ‘fa';," '
carbohydrate and pro’teyvvin metaboli'svm following injﬁry or surgical 'o perat.ion
were Adlscussed‘f In this secfion an éttempt is made to discuss the
impact of tl-.lesAe'".changes on the overall nutritional étatus of fhe injured .

patients.

Thé original observations of Sir Cuthbertson in 1193 0, thatv negati\}e
hﬁ‘rogen balance 1$ developed after injury, ;;romvpted_many investigators
fo_'study the natq're 6f this nitrogenrlos‘s and its possiblé breQentioﬁ; |
ﬁQWard and his associates (Howard, ?arson §_t_'_qL. ' 1}’944;' Howard, ‘Bigham'
et al., 1944; 1946) compared the nitrogen balancé of pat'ie’m»:sb inr .
con&aleséence following fractures of thé long bones to that ovf. patier;ts
Qndergo'mg elective operations on the skeleton. - Th_éy found that trhe..

' méghitude of the negaﬂve nitrogeﬁ balance in fracture patienté was Ihuch
Vgreater than that of patrients undergoing surgery on the skeleton .'
Furthermore, on the basis of the.ir resﬁlts, it was concluded thét a hig‘h
‘pro.tAein-h’igh—calorie diet did not exert any appréc.iable sparing éffect at |

the peak of negative n‘itr‘ogén balance fbllowing tfauma in heaﬁ:hy and |
previously active patienté. They .did, however, observe thét sevbevrely _
emaéiated patients who showed no significaﬁt change in nitfogeﬁ metabolispi '
following fnultiple fracttjres were ke pt in nitrogen equilibﬂum one week‘

after injury with a -daily intake of 6 g nitrogen and 900 calories per 1.73 Mz; .

: Inasmuch és the increase in vprotein catabolism which folloWs

trauma occurs at a time when the energy intake is at its lowest, interest

‘has been focussed on the contribution of starvation to the metabolic response.



| ‘Werner', Habif, Randall and Lockwood (1951, citec{i. by ﬁandall, 1976) o
studied this phenomenon and showéd that when patlents undergoing
eithebr ventral.or inguinal herniorrhaphy ‘or elect_ive 'cholecystectomy»
were‘ given pre-operatbiv‘e parenteral nutritioﬁ (COnsisting of 18 to 24
calories/Kg/ day of»lO% glucose with 12 ..5 to 1v4.4>g ofvnitro‘gen as .
amino acid), the.lf slight negative nitfogen balance was ‘incvrea'.vc.:ed by Léss
. than 1 g/ day following .operation.v When vpaﬂe'nt}s subje'ctle:d to pér‘tial .
g&strectomy for d'uoderial ulcer were given a similéfvpre—opera‘tiv.e e
"intravenous nutrltional regimen, nitrogen losses during the inirhediate
postoperative periodrwere larger_than ’followlng herniorrhaphy or '
Chcélecystectomy'. However, the losses were considerably less than
‘;hose noted in anothér group of patients maintained pbsto perativ'ely on
‘ routine .parenteral fluid consisting of 5% dextroée with sodium and

potrassiurr.l chloride. These results led Werner et al. (1951) to 'coﬁ'c[ude
that étarva’cion played the major role ih the postoperative nitrogen loss
undér >the conditioh of their studies. _.Purther Sﬁpport for this conclusion
came from the investigation of Abbott and.Albertso'n (1‘9-63); who studied
a series of volunteers and patients undefgoihg opérations ranging in
severity up‘ toﬁartial gastréctomy and with or without co’m plications.
They foundv little difference in nitrogen losses befweén the“tlwo groups
which héd similar intakes (50 calories and O.Z-gvnitrogen as amino acids
per Kg. body weight). However, when a'compjlication suéh as infection
was bresent, thereby adding greatly to the stimﬁlus for catabolism, it
was ho longér possible tdlobtain equilibriurﬁ at this level of intake and
as aresult a 'significant negative nitrogen-b’alan_ce d'evéloped . They
:also were able to show that an adequate intake bf, protéin varid calc.n'“i»es

given intravenously could abolish or greatly minimise the loss of



nitrogen. Similar findings were re’ported by ‘Wadstrom énd Wik[und_

| .(1964'),;Who gave . daily intake of 0.1 g.N/Kg and 35 calories/q -
immédiatély.after operation and reduced t};e,négative nitrogen balancé
'té 1.0 g nitrogen/day. | These ob‘éervations were essentially simitér
to tﬁos_e of Johnston, Marino and lSteverﬁs (1966) showing reducﬂéns
o in the‘ negative nitrogen balance by"_using a daily intfaVenous intake :
0of 0.18 g,.N-/Kg and 47 calor‘les/Kg. -In Clark's view‘ (Clar]_q,' 17967) .
‘_ these levels of iqtéke were very near the normai and indicated that |

relatively little catabolic drive was present.

As the ‘severity of the t.rauma‘ 'mcreasveé,- the stimulus to protein
, -catabolism becomes greater; This has beén clearly sﬁbwn by Sorro_ff;
Pearson and Artz (1961), who re‘ported that in 'patients with burns ' 3-4 :
times the normal amount of prote in were required to restore the nitrogen
balénce to norrr;a‘l. | Froin their findings théy sﬁgéested that 'in bufn "
injuries, the body's ability to utilise the adminiétered ‘prote'm was not
decreased. Clark (1967) recalculated the results of Sorroff‘__’gg_l’. (1961)
and showed that thev requ irement to restore nitrogen equilibrium d‘uring' |
the early phése of burn injufy was 0.5 g/Kg body weight, while the
cori’esponding value at the léte phase of-catabOlism waks only 0.16 g.
‘Thu»sv indicating th‘e re lationyship betweep the sevefity of traurﬁa 'and
protein reqdirement-. V'These observations led Clark (1967) to suggest
fhat almoét all negative nitrdgen balance which followé operation or
. injury is due to a iow calo.ri_e infake and can be reversed by ade"qyu.ate -
nutrition of normal composition. This view isAnowvshared by the |
others (Lee, 1974). Howe\./er, despite fhese obéefv_ations and the fact
vthat éver 'the. last fiftéeﬁ 'year's great advaqces have been madé in . |

introducing improved intravenous nutrient solutions and minimising their "



toxicity, a large number of surgical patients are suffering from
'malnut’riﬁon'ofvvaryihg degree. On the basié of both ‘anthropomet-ricb
| measdrements and serum albuﬁlin, Bistrian, Blackburn et al. (1974)
obsérved a strikir.lg prevalence of pro,teih-—energy rﬁélnutfitidn (PEM)'
amongst the patients on the surgical wards of a large éity hospital ih |
- the United.States . They reported that hypo'album;néemia waé' present
in 30 of.56 patients, and in 15, (2‘7%) of these thé seruml albumin levé[
| was iﬁ the severely depleted range (less thén 2 ',8'9,/1 00 ml). A They ‘allsob
noted .that sérum albumin levels became subnormél in af léast' 3 bf 10
subjects after adm‘ission to the hoSpital. - Moreover, Aa close correlation
was observeci between serurﬁ albumin and mid—arm.musc.le circumferende.
‘ Sirﬁilarly, Hill, Blackett __;g_l_ '(1977) studied 105 su'rgical pétients in
.a teaching hospital in Great Britain and reborted a prevai_enc‘eof PEM
(55%) as judged by arm mus,cle‘ circumference and plasma.albufnin,:'
amon“g’st patients Whé had undergone rﬁajor operations. and had beéh

staying in the hospifal for more than a week. -

A partial eXplénation for fhe general féiluré to recognise the extént
of thes‘e probléms has been suggested (Bistrian and Blackburn et al. , 1975)
to be_the‘ wideépfead reliance on welght for heighf as the routine measure
of n‘utritiona'l status, while the more sensitive anthropometric measures’
like ‘arm muscle circumferénce are seldom used. Add itionally, in fhese

worker's view, the significance of low serum albumin levels as a marker

of significant protein deficit has not generally been appreciated.

However, these findings poiht to the fact that the nutritional
- support of hospitalised patients, as Butterworth has put it, is far from

ideal (Butterworth, 1974). He like others (Bistrian et al. 1974;



‘Randall, 1975; Hill et al., 1977) believes that little attention is being
given to the nutritional status of ill patients and calls for_the greater

emphasis on nutrition in medical curricula.

3. CONCLUSIONS AND PIAN OF PRESENT STUDIES

The reViéw of the literéture showed that although t‘he rriefabolic

B d_istu'rbances following bone frac;tures and '-burris' have beén’extensi&e.ly -

. studied, those that follow electivé sufgery héve »bee;l stu_died éitﬁer |
in patients subjected to heterogenods groubs ofvo.perations or t.hds‘e

' undergpin'g abdominal surgery . ‘No atfempt appears tov.:ha‘v'.e‘ beeh made
to elﬁcid_ate .the changes which follow partléu laf operations other thah

v thosé on ’;he abdomen. Furthermore, ih contrast to the COﬁsidefablé'
amount of 'mfbrmétion Which is avéilablek on 'chang'e's in plasma protein i'
Co'nceht_ra’t_ions and urinary nitrogen excretion after injury, \jery liftle
is known ébout the postoberative changes -1n the battern of piasma

amino acids.

: Whilst all amino acids are involved‘ in protein synthesis, some
also participate in other reactions, and plaf othér foies, which are’
importaﬁt in the normal functioning of prarticular: sYStems; . One such
amino acid, tryptéphan, seemed to be of”par‘t'icu‘lar interest becaﬁéé of
its involvement in the s'ynthesis‘ of serotori_in (S—hydroxytrybtamlne).

’In vrecent years ii: has been found that the éoncen’cratibn of free vtryptophan" 3
’in the plésmé‘ exerts some control bn tvh'e entr.‘y_,of this amino aéid into
the brain and bhence upon the synthesis bf serotonin (Fernstrom and : |
‘Wurtman, 1971} Dickerson and Pao, 1975)‘. .It has also been found

‘that the conceniration of tryptophan in the plasma falls in malnourished'



animals (Dickerson and Pao, 1975). No previous work was found in
~ which .this' matter had been specifically investigated in postoperative

v patients.

In the light of these conclusionsA,v it was decided to study so.me

aspécta o‘f‘ pr_otein, energy and hdrmona.l metabolism -_in patients under-

: going dlfferenj: types of aperation . Patients undergoing tharacic surgery

- were chosen for a number of reasons. Patieats With oesophagéal
diseasaseamed to be particularly worth_y‘ of study.  Those in which -
the oesophagus is resected for ca'ncer _often Have a histor} of weight
b-loss prior to -se_e'kin‘g‘advvicv:e, and thus aften come to sargery in a
relatively malnourished ‘conditivon. This Ls not the case, however, in
patients with a hiatus hernia for they tend to be overweight. QOperations
’for both these conditions involve the alimentary tract. Surgery of | " ' |
the lung also involvesb a fhoracotomy, and thus patients having lung

resections for cancer were also investigated.

Aspects of these three conditions and their treatment relevant to

these studiesv willbnow be described.

3.1 Epidem iology, pathology, surgical treatment and prognosis of
oesophageal cancer, lung cancer and hiatus hernia

- 3.1.1. Cancer of the oesophagus

' (i)‘ F_Epidemiology

The incidence uof carcinoma Aof the 'oesophagus shows wide
'~ variations from one country to another. Tha 1947 survay in the United |
Stat_eS revéa'led a rate of 8.3 and 1.9 per 100;000 population for male

and female whites and 9.7 and 2.2 for male and female non-whites



(Ackerman and del Regato, 1970). In contrast, Marcial, Tvomo §i§_i.
(1966) have reported a remarkably high incidence of éesophagué :

| carcinoma in Puerto Riéo (13.7 for males and 5.6 for females per 100',000).
Over 90% of all cases were among patients ox}er 56 years of age, with a

" peak incidence between 60 and 69 years.

It has long been recognised that carcinqma of the oesophagus is

' prévalent amongst Chinese and this has been shoWn to be true for
 Chinese residents in ]ava (Kbuweﬁaar, 1'95_0.). In South.Africva, ‘Higginson

and Oettle (1960) _and Burrell (i962) have reported a’high incidence aﬁ.long‘ -
the Bantlis of the Trans.keii ?eg ion. | In England, Scotland and Scand inév.ié,
the occurrence of this form of cancef among underpriveleged womeh hés :
been connected with the occufrence of the Plummgrﬂinson s‘yhdrome:b |
“(Ahlbom, 1936), a Anutritional'deficiency now being Corrécted by the
addition of iron and vitaﬁins to the baking flour (Ackerman and del Regato,

- 1970). Burrell et al. (1966) have attempted to explain the recent rise
,.i'n the incidence of éesophageal cancer améng the_Bantus bvykvthe pre:.sé,nc'e- -
of a cafcinogenic \substénce in their food. . Carcinoma of éesophagus
has also been reported in associatioﬁ with malabsorption. Thus Wright »
é.l’nd Richardson (1967) report‘éd-fouvr c.ases of thoraéic oesophageal c»:aAncer
: in patients with a‘mala»bsorption syndrome . .From fhese observétiéns,
| Ackerman anddelRegato (1970)“have suggested that the differences.‘m |
.sex ratios and racial incidence could Ikaos‘sibly be explained by nutritional'
variations as lnfluenc_ed by other fa‘ct'ors suqh as alcoholism; |
(ii) Pathology

Ochsner and De Bakey (1941) collected 8572 cases of_oesophagea,L'

cancer from the medical literature and found that 20% developed in tyhe‘

~upper, 37% in the middle and 43% in the lower third of the oesophagus.



Some cafcinomas dévelop in a buka formv that rapidly clos‘es. the
lumen of the‘ 0€eso phagus . Others are superfi‘ciélly ‘u lcerated and
svaread' ir.1Athe' wall of the oesophagus Withouf muéﬁ obstruction (Ackerman
and delRegato, 1970). In this connection, Mathews and Schnabel (1935) -
in‘ a» review of 237 a-tjtopsies on patients wl’th cancer‘qf the oésophagds,
found twenty—tWo with no obstruction.
(iii) | Corﬁplications

fhe _most common symptém' aséociated with.voesopha.geal rieoplasms :
is dysphagiva. Thisvr»nay be ac’corhpanied. by a seﬁsétion o’f'sukatevrmél
fullness with or without pain. .. The dysphagié may first be assoéiated '
with solid food and iater with soft foods and then evén:with {iquids. '
In additvion to swallowing difficulty, weight‘ loss alfnost invariébly
occurs in the létef stages of the disease and may go on to severe
_ emaclatiOn (Ellis, 1972). Vomiting and reéurgitatibn qften fake place
sobq after eating. | Iron deficiency anaemia is 'coﬁmon and is sometimes
severe. | V‘
(iv)  Treatment

, Surgical treatment: The first successfu[ resvect.ionvof a carcinoma
of the oesophagus was performed by Torek over 60 years ago (Torek,- 19'13) .
Since theg a ,humber of réfgnements and modifications héve been rﬁade
in the techniques of oesophagectomy. However, the basic principle
6_1": the operative procedure is excision of tﬁe .neoplasm ihélud ing wide
reseétion of adjacent areas of the oesophagus and the regiona'l lymph nodes
| (Adkins, 1972). One of the: limitatioris of this proceaure is .tvhe proxim ity E
to the tumour mass of vital structure ‘sucv:h as the aorta,‘heart and trachea.
C‘.onsequent'ly’, there are limitations in the extent of the resection’

(Adkins; 1972). However, despite this limitation some surgeohs advocate



total oesophagectomy regardless of the lévél of'vthe>'tumour in the thorax
.(Parker, 1967 »cited by Adkins, 1972). |
Pa'lliativev procedures: When thére are i‘ndi_{:ations of metastasis

or advénced cardiovascular diseaée,» radical sﬁrgery is not atterﬁpted .
Under these circurhst.ance‘s radiétion therapy is preferréd. Another
approach to tﬁe. palliatiou of an inoperable carcinoma of the oeslophagus :
- is thé use O-f_ a vrlgid tube that is pushed through the obstructing hedpiasm,
thﬁs allowing the pétient tb swallow. HoWever, it has beervlbreported
| that such tubes encourage necrosis and. bleeding and might cause
ulcératioh (Ackerman and del»Regatq, 1970).

(v) ‘Prognosis

The results of treatm.ent of malignant tumours of the éesophagus

ha&e béen generally unsatisfacté)ry; and the average life expectancy

of the‘sei patients used to bé very short, with about 25% dying'within

six months and 75% within one year '(Greenwéod, 1926). in~recent |
years, a greater proportion of patients have received treétment, l")ut'
éccording btro Ackérma_h, and del Régatd (1970), the éve;all survivai of
these patients remains dismélly low. _Fbr example, ohly 1.4% of |
Nakayama's 23 82 »pat'ients (Nakayamé, 1964) sufvived five years »and |
on.ly 1.7% of 1109 patients registe;ed from 1:9:50 to 1958 at the Puérto
Rico Cancer Registry survived' five years (Martinez, 1964). = From =
1951 to 1960, Franklin, Burd and Lynch (1964) studied 129 patients..withy
' carcinoma’ of the.voe‘sophagus at the Hammersmith Hoépital in Londonv.'

" Ninety—one‘ofbthese patients weré explored-, but only fifty-eight had
a resection, with thirty~six of them dying within_bne month ahd the
revmaih‘ing twenty—two living ovéf one year.. ' 'In\ another series of 208

patients seen by Sturdy (1965) at the Royal Gweh.t Hospital in Newport,



Wales, seventy-one were submitted to radical surgery, with nine surviving "

two years and five surviving five years.

- 3.1.2 ZLung cancer

() Epidemiology
Carcinoma of the brovnchus has becomé the most freque_nf form

- of cancér in men in the United States and many other countriés ,(Dénoik

an_d Gelle, 1955). 1In 1968 approximately 6_C‘J,“000 Americéns dev‘elopevd : '_ o

. cancer of the lung. Thé incideﬁce 'in males 'in'Dénmafk doubléd betwee‘h o
1943-1947 and 1953-1957, whereas thev incideﬁce in ferbnél.es‘ iﬁcreaéed
l.)y. only two-thlrds (Ackerman and delf{egato., 1970) . e

» The inc'reaée in cahcer of the lqng has led. to thé _extensive clinical,

.epidemiolégic and laboratory 1nvestigations. " The bae‘tioklog.y of lung | A
'cance.r has not Yet b'een. defined but it has been su.gge-sted. thét it is |
an environmental product bf moderh civilisation (Ackerman and del .Regato, -
| 1970). Ashley (1967) found that individuals working in c’oél and textile
‘industries had an increased incidence of bronchitis and a décfeésed
incidence of lung cancer. On this evidence he suggeéted trhat‘ chronic '
. luhg disease associated with the inhélatio‘n of dust cou[d brotect fhe
lung against carcinogenic substances. Furthermdre, there is adequate
experimental and epidem iologic evidence to iricrim:inate Various organic.
and inorganic 1ndvustry—’relate'dkchemicals as causes of cancer of the lung
(Her‘ar, 1959) with definité risk to specific Workér grolups. | lThis is
supportéd by experﬁnental ihvestigatidns in which cancvzervo‘f the lung
has be’eh' produced in énimals exposéd to rédioactive fnetals, Aickel,
chromium, and arserilic (Ackerman and del Regato‘, 1970). 'I\'/[‘oreover;v
| the evidence colleéted supports an important relationship betWeen the

_ ‘inhaling of tobacco smoke and cancer of the bronchus (Oettle, 1963;



| Bocker, 1963.) . .The carcinogenicity of tobacco s;ﬁoke condensates
>on the skin of animals has also been shown (Van Dﬁren‘, 1958) . Air
pollﬁtion has also been suggested to have an important role to play in
,re‘,lation to lung carcirnoma (Stocks’, 1966).
-~ (i) Pathology
| Bronchogenic carcino'ma arises most often in' and abogt the hilus.'
o‘f the lbungsA. About three quarters of the lesions take origin from the
lower trachea and first, second, and third order Bronchi. ' H;Lstologically_,
bronchogenic carc ino_mas are divided info thrée types in thé following :
'appro_kximatedistrik.)utior‘l (Robins,‘ 1974). : ‘
1. ’Squamous cell carcinoma, 70 per cent.
2. Adenocarcinoma, 10 per cent ..
3. Undifferentiated carcinoma, 20 per.c‘:ent. '

:.Squamous cell carcinoma is found exclusively in ﬁen while
adénocarcinoma occurs about equally frequently in men and‘worn‘en.
Moreover, thére iksvno-cle.a‘r ’correlation between the smoking hiétory '

' ana the occurrence of adenocaréinoma of Athe lung, and as Robins (1974) |
has pointed out, in contrast to squamous ce.zAll carcinoma, fhere has be.e.n-
no Slgnifiéant increabse 'in tﬁe fréquency of this pattern over the re‘cenAt
: past. - One of the interesting clinical aspects of bronchogenic carcinoma
isi the occasional‘ und';fferenfiated tumour which‘ produces hormones
such as ACTH, ADH, gonadotrophins, and parathormone. Sufficient
| ACT.H, for example, may be elaborated by _these tumours’ to induce
Cushing's syndrpme (Lipseet, 1965; Azéopaadi and Williams‘, 1968).
- It has beed speculated 'that in such ﬁeoplasms, the g.e‘netic co.de fof -
ACTH syﬁthesis and the bther hormones ’becom_.es depressed in the course

A of the carcinomatous transformation (Robins, 1974).



(iii) Treatment
| Stirgery:, In 1933, Dr. Evarts A. Graham’ perf.ormedj the first

successful pneumonectomy for dafcinoma of the lung. His patiénf,
a phys ician,. lived twenty—nihe years without evidence of ééﬁcér andb
outiived Dr. Graham who died of carcihohla of bronc‘hps. (Reboft’ed by |
Ackennbah and delRegato, 1970). Over the last fortyvy'e.al;s, pn‘eurhonectomies :
héve been performed on an increasing number of patiénts. _ The u'sua[‘l'y o
elderly patients who sufvivé a pneumonectomy fa;:e, aAdAiminis.hing
pulmonary reserve (Adams, Parkins et al., 1957). ILobectomies hlave: ‘
also been performed in the treatment of the peripheral’ cafci_nomé of -
the lung where they have proved to be su'cvcessvflill (Chufchill, Sweet énd |
Wilkins, 1958) . Moreovér, lbbectomiés are believed to bhb'ave less . .
" operative mortality, and for tth reason there has beed an increasing
‘ trenbd toward utilisation of this proceduré (Ackerman énd del Refgafo, 197_0) .

Chemotherapy: Carciﬁoma of the lung has been fhe subject of
numérous trials" of c'hemothérapeutic égents aé adjuvént_ tvob‘ sufgéry
(Curreri, Ansfi.eld,v 1958; Curreri, 1962). Nitrogén mustard, a:-
Vpowerful alkyf[afing agentb,A has bee'ﬁ-used.ex'tensiv‘ely'(‘Ackevrm»ah and
.cllel'Regato; 1970). However; in Sléck‘s view (Slack, 1970) administration
of ﬁitrogen mustard may re lieve superior vena ca\}é obrstruC,t‘ion but thié : »
.is invariably of short-term benefit. Neither havs it broved advantageous
to add a che‘motherap_eutic agent at the end .of an opefative procedure.
(iv) 'Prognosis

According to Robins (1974), lung c‘an'ce'r is ‘one' of the most ir‘isidi‘ous
‘and.aggl»ressive neoplasms in the who_lev realm of oncology. Inr the ué‘ual
. case',‘it is discovefed in ihe sixth decade of life'; ”D:espitev a’[l efforts

at eérly diagnosis by frequent radiological examination of the chest, )



the five-year survival rate is of the order of 7 pé.fcent (JTames, 1966) .

In geﬁeral, the adenocarcinoma and squamous cell ﬁattems‘tend to
vrema'in localised longer and hav.e slightly better prcgnosis, than
unc-l‘ifferentiated tumours whiqh usﬁally‘ aré bulky, 1nvasive' lesions by
the time they are‘di.scovered'(Robins, 1974). In a recent analysisAof |
4000 cases, Bignalland Martin (1972) reported that the five.-year
.survival of males' was approximately 10 percent with squém‘ous éell
carcinoma and adenocarcinoma, buf only 3 per ,deni_with undifferen-

tiéted lesions.

, 31 3 | Hiatus hernia

(i) ‘Aetiolog'y' |

In recent years oesophageal hiafcus hernia and its seque[; reflux
oesophégvitis,' have been increasingly reéognised as cdm-moﬁ causes
of dyspepsia and dysg)hagia (Davidson, Passmore _@_t__e_L, 1975). i‘he
divavphragm has severél openings through which hemiai:ioh of abdorri'ma[
viscera into the thorax can oc.cur. 'Of these opve.nings the mvo-st
important is the oesopha.geal hiatus through which thé oesophagus passes
and to Which’ it is loosely attached. In middle-aged and eldérly péople
particularly, fhis attachhent‘weakens so that herniétion of the oesophaéus
“and _stomach‘ results. It is'mdsvt comrﬁon in middle aged obese females
and the gross i_ncidénce ih feméles 1s_.three times that in males:(Néish. v
and Read, 1974). |
(ii) Patﬁo logy

There are two types of hernia, sliding and rblling (Flg .1.3)



Figure 1.3 Hiatus hernia

A

A. Sliding type. A small sac is seen above th'e,dlaphragm

B. Rolling type. Most of the fundus of stomach lies above
the diaphragm and displaces the lower oesophagus..

A. Sliding hernia.ﬂ The’gastfooeso.phageél junction protrudes upwérds
throvugh the hiatu.s and a bég of stomach comés to lie within the‘ chest.
This ;s the mbst common form, and 80 to 90 per cent of.all hiatal hernia
‘afe of this type (Hagarty, 1960‘) . |
B. Rolling hernia. In this form part of the cafdla of the stbmach
prolépses through the hiatusb alongside ‘the 'o‘esophagus . This -typé_ is
less éommo_n, and about 10 per cent of hiétal hernias ére of 'thAisv type. . -
(iii) Complications

Acid and pepéin éass throu‘ghrfv:hve incompétent oesophagogastric
'sphincter. tovAproduce reﬂuk oesoprhagltyis; ILoss of blood in the‘VOmit
" may léad to afxaemla and ulceration and fibrosis"would lead to s.tricture' _
_, of’the lower oesophagus. Heartbum’may occur after r’n'ea[s: but is also,
and typically, Aas'.sociated wit‘h a change of posture, such as bend iing
~down at housework, or lifting orl straip'mg, which produces a rise of
intra-abdominal pressure. It may occur on ly1;ig_down at night and
» inay waken the patient, who obtains rélief by ‘s@tting up; The patient
may.also complain of more severe’ pain or the sensation of fopd sticking' "

 which may amount to dysphagia.



(iv) Treatment

Symptomless hernias require no aétive- treatmenti, but the paﬂent
éhould be enCouraged to keep slim, to abétain from fatty fbods which
‘ stimﬁlate gastric'secretion, to avoid ‘straininé; and rais'mg ;nfrafébdominal_.
preséure, and to sleep on a firm mattress With the head of the bed higher
" théﬁ the foot (Naish and Read, 1974). However, if the ,patient’ does |
hot respond to medical measures and con{inués- to suffer from reflux -
and pain, or have oesophagitis of more than slight degreé ‘su‘r‘gica_l } |
treafment is employed .. The principlé’ of_éurgicél rAepai_rki_s to ensure a
length_of at least 4 cm-. of intra-abdominal oesopﬁégus and»"co pre'vent\

this segment from returning to the chest.



CHAPTER TWO

PATIENTS AND METHODS



1. PATIENTS

The patients used ‘for the stu‘d zes in this thesis were avll admitted
to Milford Chest Hospital and were under the ca:re of two Consﬁltaﬁt .
Thorac ic Surgeons. The ward into which they were admitted has én'
attached intensive cére unit to'which the Ilaati'ent IS taken following
.operation and iﬁ whlchkhe or she reiﬁains for 2 to 4 dayé or .lon.g‘er,. ’
depending on the nature of‘the operation "and upon'cl'inicél progress.
‘Brief clinical details of the patients included iﬁ the> study, énd who
gave their signed 'permis>sion to participa’cej in the research, are given
m Table 2.1. Hiatus hernia is rather more common 1n. women than m
men and of the nine patients studied 7 weré Women. Thé baverage ége' '
of these patient.s was 61.6 yeérs with a rangé of 49 to 71 years. Eleven
pat‘iénts With oesophage_al céncer were available for study. 'i‘hese :
’ cbnsisfed of 7 men and_ 4} women with an average age ovf 65.7 years and _
al range of 54 to 76 vyears. Thé eighf pétlents étudiéd with lung cancer‘
were»all_men and their average agé’wés 66.2 yeafs witﬁ a rénge of 53
to 67 yeérs . The differenqesbetween thé average éges of the grou‘ps

were not significant. All the patients were studied for 14 days.

rPaéting blood samples vand 24“hour urine COliéctions were obtained
béfore operation yand' at 2, 7 and 14 days ‘after operation. A blood sample
- was also thained immediately after the operation. ' Blood sarﬁ p>les Were
heparinized and the plasma separated within 45 minutes of the blood being
drawn. The plasrﬁa was stored at -35° until analyzed. Urine samples
were collrected ‘in bottles containing 25 ml of glacial ac’eticlacid . Aftef

mixing and measuring the volume, aliquotes were stored at -1 5o C.



for hiatus hernia, oesophageal cancer and lung cancer

Patient Sex  Body Age Diagnésis

weight (years)

{Kg)

Surgical procedure

Hiatus hernia

F.E. Female 54 - 62 hiatus hernia
G.L. » Female 72 " 64 ’ -", owm
F.B. Male . 76 . 56 L1 oo “ B
R.L. Male 77 - 50 ‘ " - "
F.V. Female 48 S 67 T _Y on -

'D.S. Female 79 g5 - » T

- P.C. Female 77 71 o w.oo "
E.S. Female 58 .70 7 "o "
L.H. Female 64 49" " "

QOesophageal cancer

Male 69 64 Carcinoma of

R.D.
oesophagus
N.H. Female - 64. 67 "
L.J. Male 68 64 L
M.E. Male 63 55 "
G.B. Male 59 66 "
J.P. Male 81 . 76 o
E.G. Female 46 - 76 Sarcoma of
' o the proximal
S stomach
P.T. Male 64 = 54 Carcinoma of
: ’ o < - oesophagus
-E,H. Female 46 68 Carcinoma of
' . : cardia
L.T. Female 46 66 Carcinoma of
L : o oesophagus
G.W. Male 59 67 "
" ' Lung cancer
R.W. Male 78 63 Bronchial
carcinoma
T.F. Male - 83 67 Carcinoma of
right lung
- L.B. Male 77 66 "o
G.S. Male 83 54 "
J.S. Male 90 53 carcinoma of
v _ - left lung
P.M. Male 73 58 oM
P.V. Male 65 61 Carcinoma of -

right lung.

R.S. Male 75 60

hiatus hernia repaired by.

“left thoracotomy

L1

_ hiatus hernia repaired by

fundoplication _ o
hiatus hernia repaired by -
left thoracotomy

1"
11 . B
hiatus hernia repaired by -
pascical reinforcement
hiatus hernia repaired by
left thoracotomy '

resection by right thoracotomy

- oesophago-gastrectomy

"

left thoracotomy and

oesophago-gastrectomy

oesophago—~gastrectomy

o

"

right pneumonectomy
‘upper lobectomy

lower and middle lobectomy

lower lobectomy
left thoracotomy and
pneumonectomy
upper lobectomy -



2. ANALYTICAL METHODS

2.1 Determination of plasma free amino acid by amino acid analyzer

Plasfna was deproteinised according to b'the method describebd by
Dickinsonet al. (1965). Plasma (0.5 ml) was mixed in a centrifuge
vtube with 2 ml'of s’ulphosa.licylicv écid (3%)., éﬂd fhe resulting protein , '
precipitate was removed by ,centrifugatioﬁ ét 2,000 x G. | Tﬂe super-—
~ natant (lb ml) Wés used without further treatmént for the quantitatfve
determ ination_of.individual'am ino acid on an LKB‘ 410 Amino Acid Analyzer
(LKB, Biochrom ILtd., Ehgland) . Acidic, neutral, 'a.nd basic arﬁino acidé
were separated on a single column (725 x 9 mm) 'packed' with’_a cation
“exchanger (AminexR, BioRad La‘boratorles, Callfdrnia)v. Sod ium citrate
, bufférs with different ionic strength and pH wére used aAs._e.luents,"andv

the flow rate was maintained at 60 ml per hour throughout the analysis. o

For quahtita-tive evaluation of each amino acid, the curve with the ‘
" highest absorption value was used. For most amino acids this is the -
570 nm curve. For proline and hydroxyproline, however, the hvighest

. absorption is to be found ét 440 nm.

A standard solutioﬁ containing 2.5 u mo'lesAof each of 18 amirno
acids wés obtained from LKB} (LKB Biochrom, England), and was further
»dilutéd 1:25 prior to the analysis (final cbncentration, 100 hmoles/mi
of eaclbi of the 18 amino acids). The accurél_cy of this téchnique was
evaluated énd fouhd to be within 3%. A typical amino acid chrofhatogram

is shown in Figure 2.1.



otandard Amino Acid Ghromatogram

Figure 4.1
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2.2 Determination of plasma total tryptophan (Denkla and Dewey, 1967) v '

b X 10_5

- Reagents: Reagents were TCA/]F‘eCl3

M FeCl, in 10%

. TCA; 10% TCA (w/v); and formaldehyde : 1.8% (w/v) aqueous formal-

dehyde; tryptophan stock solution : 250 nmoles per ml of 0.1 N‘NH4OH.

Procedure: Heparinised plasma (0.05 ml) was pipetted into a
pdlyethylene centrifuge tube using an Oxford :Pipette, (Oxford.Laborator-l.es._,

California) and 1.8 ml TCA/FeCl,, was added, mixed, and the mixture '

3
| ~centrifuged at 20,000 r.p.m. for 10 minutes. The supe.‘mat’ant was
decanted completely into a graduated glass-stop'pered‘tube and 0.2 ml

of formaldehyde 'w‘a's added. Tﬁe stoppered tubes were placed' in a

- boiling water bath for 1 hour. The tubes were coovled‘ torroonvr‘1 temperature
and 10% TCA was used to replehish to the 2 ml mark the fl:uid lost during‘. -
incubation .. The fluorescence of the product was read at excitat‘ion and |
emission wavelengfhs of 373 and 452 nm Arespectivelvy, m a ’Pe.rk'in Elmer

spectrofluorimeter. The standard curve for the determination of tryptophan

is shown in Figure 2.2.

2.3 Determination of plasma free tryptophan

The method used for the estifnation of plasma free tryptophan w-as

' eésentlally that déscribed by Baumann, Duruz and Héimann (1974). |

Fresh p.lasmé samples (0.5 ml) were first ultréfi.ltered'by centrlfugation

for half an hour at 1000 G 'arild room temperature in CF-50 AmliéonR
membrane cones. Dup.licate 0.1 ml aliquots of the u.ltrafiltrate were ‘
asséyed for‘tryptophan as described above. The preéisioh of the method .’ :

was evaluated and it was found that 90% + 3 (mean + SD) of the added



.Fluorescence unit

70 ¢

50 p

40 |

30 [

10

20 \ 40
Amount of trypto phan (ng/ml)

| Figure 2.2. Standard curve for determinétion of tryptophan - '

60



tryptophan could be recovered after filtration.

- 2.4 Determination of plasma total protein (Gornal, Bardawlill and David,
' 1949)

Biuret feagentﬁ This solution was prepared by dissolvihg 1.5g-
of copper sulphate (CuSO4, SHZO) and 6.0 g of sodium potassium
tartrate (NaKC4H406,4HZO) in 500 ml of water and adding 300 ml of

2.5 N sodium hydroxide’. The reagent keeps well Wh'eh stored in é o

polyethylene bottle and room tem peraturev.

Procedgre: Into .the test tubés bontainingr S ml of biuret reagent
kplAavsma Sample_é (0.05 ml) \'N.e.re add»ed, mixed and ihcuﬁbated for 30 minutes o
~-at room temperature. The developed colour was it‘he‘n rr_ieasuréd at 540‘nm.
. in an SP500 spectrophotometer. A standard .curve (Pigure 23) ‘wasb

prepared using human plasma protein solution supplied by Sigma Company.

2.5 Determination of plasma total qlobulins (Neely, Pollack, and Cupas,
‘ ' 1975)

| G,Lobuun reagent: “'I‘his reagent Was prepa‘red'by dAiséolving 15g°
copper su.lphate iri 15 ml water and then transferring vit tor 800 ml of :
11.8 M (85% w/v) lactic acid. After mixing, 110 ml of concentrated
sulphurié.acid was carefu.lly added with stirring. AfterAclo’oling to room
tem'perat"uré 1.1 g.of glyokylic acid was added. When the g‘lyoxylic
, écid had completely dissolved, the solution was diluted to 1000 ml
with 11.8 M lact.ic acid and. rﬁixed thofough[y.l " This solution Was stable -

for several months at room temperature.

Procedure: Into the test tubes containing 5 ml of gldbulin-reagent

were added 0.05 ml aliquots of plasma with an Oxford pipetté (Oxford
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Figure 2 .3 Standard curve for determination of plaéma total protein .
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Laboratoriés ,. Céliforn ia) .' After fnix'mg tho.roug‘hly on a vortex mixer, V
the tubeé were capped.w’ith marbles 'and placed in a’boiling water bath
for iO minutes. Théy ‘were' then cooled to room temperature and the

v co,lbur read at 565 nm on a Unicam*SOO‘ spectro'pho'rccl)meter. '. ‘A- standard
curve (Figure 2.4) was prepared using a »gl'o-buli.n ‘standrard solution

obtained from Sigma. |

'2 .6 Determination of total plasma 11-Hydroxycorticosteroid

The l‘l’-Hydroxyco‘rticosteroids in,-plasbma were measu'red by tﬁe : _ . L
~ modified method described by Matiihgty (1962). cé;tisol was extracted
" from plasma by shaking ,w-ith methylene chloride. | The extfaét wés mixed
-~ with a sulphuric acvid—‘ethanol mixture (7:3, v/v; 'f.luorescence. reagent)
to develoip the.'fluOrescence. The fluorescent produc"c is.ﬁﬁstable and

therefore the timing of the fluorescence reading was important.

The éssay procedure fof ll-hydrochorticqsteroids'was aé follows:
0;5 ml of _heparinised plasmé was "pipetted into a ‘g..léss—;stop;-)ered tube.
0.5 ml of distilled water énd 4.0 ml of purified methyléﬁé cﬁloﬁde were
added. The corticosteroids Were extracted into the methylene chloride
by miklng on a rotary shaker for 10 minutes . 3.0ml of méthyleﬁe chloride
_extrat:t waé caréfdlly transferred to a 5 ml glass stoppered tube, and 1.5 ml
of‘ flpbrescence reagent added nqting the time of addition, and mixed by
_“vigorous shaking for 30 seco.nds_.‘ The acid phase'(lower)’ vlvas“ tranéferred
to a fluorimeter cell and t‘he' fluorescence was measured at ‘475 nm and
515 nm activation and emissioh wavélengths respectivély at exactly 25
minutes after the fludrescence reagent was édded . A blank using 0.5 ni.l

of dils_t_illed water and standards (cortisol In ethylalcohol) were prepared



and carried through the same procedure. A standard curve for the

determination of ll—hydfoxycorticostefoids is shown in Figure 2 .5.

2.7 Determination of plasma insulin

Plasma insulin concentrations were measured by a single antibody-

radioimmunoassay procedure, developed by Amersham , Radiochemical

- Centre.

" Human insulin standards 0-160 units per ml in phoéphate buffer,
pH' 8.6 were included and run in parallel to the tests for each: determination.

A standard curve for determination of plasma insulin is shown in Figure 2.6.

2.8 Detérmination of plasma glucose .

The method used was a modificatlén of that desCribe'd by Werner
and Wir.lingér (1970) .: Piasma (0.1 ml) was depréteinised’ by the vadditvion..
of 1 ml perchloric acid (0.33 N) The précipitafed .prvotev'invwés femovéd by'
centrifugation at 2000-x G for' 10 _minutes. Suprebrnatant“(O.l ml) waé o
»transrferred to a ‘te-st ’tube to which 5 mlk of enzyme solﬁtion (glucose oxidase) | 1
10 U/ml; peroxidase 0.8 U/ml, in phosphate buffer, 100 mM, pH 7.0,
obtained ffom Bobehringer)vwas added ahd mixed. Aftex.‘. incubai;ién af
rodm'température -for 20 mihutes, the déveloped éolour was measuréd af
620 nm using a Uni'cram SP500 spectrophotometer. A blahk (0.1 kml
_water) and standards (0.1 ml of solutions containing 20;200 mg/lOO rﬁl
'gluvcose) were carried through the same procéduref A standérd curve

- for the determination of glucose is shown in Figure 2.7.
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. 2.9 Determination of plasma free fatty acids'(Duncombe, 1964)

N R-eagents: The reag‘é‘nts were copper r‘eag'ent:gbvo_[. of aqueéué'
1‘MA triethanolamin, 1 vél 1 Nybace._ti'c acid énd 10 vol 6.‘45% (w/\}) Cu
; (NO3)2; and Diéthyldithiocarbamate r;agent: 01% (w/v) sodiumdiethyl-
dithiocarbamate (Analar) in redistilled butanol.  Both the above feagents ’

were stored.in the refrigerator and used within a week.

Procedure: Chloroform (5 ml) Were pipetted into a 16 ml stoppered
éentrifuge tube, together with Q.Z ml of plasma and 1 ml of the copper
reagent. After stoppering, the tub_e was shaken OI;l a rotary shaker for'v
10 m.i'nutes and then éentrifuged for five minutes. 'Thé équeoﬁs phase
was sé parated by a water aspirator, leév ing thé_'éhlorofofm phase.free
of bartic_les. Chloroform phase (2 ml) was pipettédin"to a ‘clean dry
tube foilowed by the addition of 0.2 ml of diethyldithiocvagrbamater reagent
and after mlxing, the absorbance was read at 440 mﬁ ‘on an SP500 ,s‘pectrc')-— |
ph’otometéf. A ;eagent Elank fArith water and staﬁdards'of palm itic acid
in chloroform were also_run through the same procedure. A standard

curve for determination of plasma free fatty abid is shown in Figure 2.8.

'2.10 Determination of copper and zinc in plasma and urine '

‘Plasma zinc can‘ be rﬂeasured by atbmic absorption Sbectrophotohletry
following dilution of fhe serum with water. Using this methqd, plasma
Was diluted 1 to 5 with Water and at this dilution interference of thé '
atomic ab'sorption s-[gnal by thé serum matrix was removed. Z'mc and

copper concentrations were therefore measured directly.

The measurément of metals in urine is complicated by the interference
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of the urine matrix wifh the atomic absbfptioﬁ signal. ~ To eliminate
this‘ effect, standard solutions of copper and zinc were vprepared ina |
nbrfnal‘urine for fhe concentration of the standard curve. Thus any
mat'rix‘e‘ffec.:t is identical for étandards and tests’. | The in's;trumént used
was‘ aﬁ 11353 Atomic Absorption Spectrb photvometerv. Thé_ instruments‘ _

setting was as follows

Settihg, :  Copper o | Zinc
Wavelength 324.78m  213.9 nm
‘Slit width © 320mm 320mm
Lamp current ;SmA : SmA' '

- PMvoltégé T 530V - ' .-'v5_30V:
‘Chart Sﬁeed - 20‘ mm/min | .20 mm/m‘ih
Chart range 20 mv o |  20mv :

Typical standard curves for the determination of copper and zinc

are shown in Figures 2.9 and 2.10.

2.11 Determination of urine total nitrogen concentration

' Total nitrogen in the urine was measured by a modification of the

- micro Kjeldahl method as described by Wootton (1964).

'Reagenté: "The reagepts were sulphuric ac’id .(conc .); sulphuric
acid (N/lOO);' sodium 4hydroxide (40% w/\}); ammonium sulphate solution
'(lv mcj N/ml in water);' and boric acid-indicator (prepared by mi.xinkg 1 ml
’of a solu'tién containiﬁg 0..8 mg methyl red énd 0.2 mg methylene blue

" per 100 ml ethanol, with 100 ml of 1% boric acid).

Procedure: Duplicate aliquots"of 0.2 ml urine were pipetted into ’
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micro?Kjeldahl flasks' (Gallenkamp, England), fQ,llowed gy 3 rnl‘

concentrated sulphuric acid and one tablet of Kje[déﬁl catalySt _(British

‘Drug House_S, England). T-hé contenté of the flasks we_re‘ heatéd on an o ‘

electric coil heating rarck for about 2 hours uﬁtil the liquid'was colourléss.

The digested solﬁtlons weré allowed to cool t§ fqom temperature', and ther; 3

’ kdil.uted to 25 ml With:distilled Watér. Portions (S nil) ofvthis solution

were transferred to a Markham Still (Ga'l.len'cain' p ;».Bn‘glarnd) . The delivery

tube of the apparatus waé arranged, below the surfa_ce of 5 ml of boric

acid-indicator sqlﬁtion in a 100 ml conical flask. ;‘deiiurr'l: hydroxide

_ sQlution. (10 ml) was added and steam distilled for Sm i’_nutes‘;. 'The

contenté of the 'i“eceivevr were titrated back to the ’o‘rigina‘l gréy colour

with N/100 su-lphurié acid, using a 10 ml burett. - ~“The nitrogen conﬁ;eh—'

tration in thve urine was then calculated as fo'llbwé: | | |
e ,_

A=Bx3.5

where, A is the nitrogen concentratibn (g/_L) , and B is the fnillilltrga

N/l 00 sulphuric acid used for titration .

-2.12 Determination of urine urea-nitrogen concentration

-

The concentration af urea in the urine was measured using an

automated diaéetyl technique on a Technicon Autoahalyzer, as described

by Wootton ‘(l 964).

2.13 Determination of urine creatinine concentration |

The concentration of creatinine in the urine was measured, using

an automated alkaline 'picrate method as described by Wootton (1964).



2.14 Determination of urinary amino acid nitrogen concentration

- The method used for the estimation of urine amino acid nitrogen
concentration was essentially that described by Khachadurian, Knox ‘

and Cullen (1960).

a Réagents:} The reagents were sédium cafboné‘te buffér (0.2 M,
pH 10.5); EDTA ‘(0‘24% w/v, in sodium acetéte Buffer, }0.115 M .pHVI.S'.7);' .
"~ ninhydrin reagent (Prepared by mixing following ‘reagents:r 0.5 ml'vof |
1% h'mhydrin in 0.5> M acetate buffer, pH 5.5; '1.20 ml of glyceroi}‘
and 0.2 ml of 0;5 M acetate buffer, pH 5.5); ‘a‘nd standard sol‘utions |

of glycine containing 5 to 25 mg N per ml.

" Procedure: To 0.2 ml of urine 0.2 ml of Cafbonate buffer was
added and evaporated in a dessicator‘over concéntrated sulﬁhuric'éci'ci. "
After leaving overnight the dry residue waé dis‘solved in 2 m!l EDTA. -
Duplicate 0.2 ml aliquots' were mixed with S‘ml ninhydrin réagent, mjxed
and heated in a boiling wéter bath. After‘15 inin‘utes the abéorbanée of
the developed colourrwaé meésured at 570 nm on a SP500 spectrophotometér;
A réagent blank with water and standards‘ of glyciﬁe solﬁtibﬁs .We‘re éisb -
run through the same procedure. | A standard éurve for amlﬂo acid hitrogeé,

determination is shown in Pigure 2.11.

2.15 Determination of ketone bodies in urine

The method used for the determination of ketone bodies in the urine

" was that described by Natelson (1963).

Reagents: The reagents were barium hydroxide (0.3 N); =zinc

sulphate (5%); potassium dichromate (5%); salicylic aldehyde (20%,



w/v in ethanol); and sulphuric acid (2 N).

Procedure: | Urine (1 zﬁl) was bpipetted'into. each of tv&o'centrifuge

~ tubes, folldwed by 5 ml water and 2 ml zinc Vsulf)hate‘sol‘uﬂon. The
tubes were rﬁixed andv céntrlfuged at 2,000 x G for 2 minutes. Super-
- 'nétant (7 ml) were'transferr’ed to @ Markham micro-kjeldahl distilling -
flask, forllowled By 2 ml of potassium dlchromate and 3 ml of smrllphurlcv
solﬁtlonb, and ‘s‘te‘am distilled for 10 minutes. To ihefS ml of distillate |
4 ml barium hydroxide and 1 ml of salicylic aldehyde was added', mixed v'
andi incubated at 37°C for 1 hour.‘ Thé absorbance of fhe dev.eloped :

' colouf was meas_ufed at 465 nm in a SPSOO spectrophotdmeter. Aybreagvent,
blank with water énd sfandards of acetone solutioné were also run
thrqﬁgh the séme procedure . The standard curve fox; the detem;lnation )

- of the ketohe bodies is shown in Figure 2.12. :

2.16 Determination of sodium and potassium in urine

The concentrations of sodium and potassium in the urine were
determined by the flame photometric technique, following the proéedure

described by Wootton (1964).

2.17 Determinat'ion of -~ -. alkaline-ribonuclease activity in the urine

Free alkaline (pH 7.8) ribonuclease activity in the urine was -
‘determined by a modification of the method described by Roth (1968) .
The aséay mixture contain.ec_l 0.3 ml freshly preparéd of 0.07 M Vérbnal | |
acetaté buffer (pH 7.8); 0.2 ml RNA substratek (1% Solu_tioﬁ of grade A
yeast RNA, obtained from Boehringer); and 0.2 mi of u.riné; which had

been diluted to 25% of its original concentration with the veronal acetate
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bﬁffér before assay.. ‘The incubationv mixtﬂre was inéubated fqr 30
.minutes at 370 C and the réaction stopped by the:ac.idition of 0‘.6 ml B
of cold acid—aléohol—laﬁthanum chloride reacjent pre pared according“ » "
to Roth (1968). f‘oilowing 20 nblinuteys centrifugatién .at 1,000xG in | _‘
the cold, the supernatant from samples ahd their zero time c‘ont‘ro‘ls

; weré decanted, diluted 1:40 with distilied wéter, and read against
distilled water at 260 nm on an SP500 spectrophotometer. ’Units.of
ribonuclease activity were avrbitféri,ly definéd as the. A O.D, of one |
éxtindtion pér thirty minutes incubation mveasurement .‘ The data wére -

‘ultimately éxpressed in units per mg .creatinine. -

2.18 Determination of 5-hydroxvindolacetic acid (5HIAA) in‘urine

Since the spectrophotometric technique for the measurement of
SHIAA was found unsatisfactory, a sensitive spectrofluorimetric method
was employed. The method used was essentially that described by

Contractor (1966).

Preparation of column: G-10 Sephadex (1 g)"was slurried in 0.1 N ;
HCL andrpourved into a glass column (internal diameter 1 cm, height 35 cm).
'I'he Sephadex was allowed to settle by gravity on a base formed by a

pledget of cotton woo l,'

“Procedure: Urine (1 ml) mixed with 10 ml of 0.1 N HCI was allowed
to draih through the Sephadex column which was then Washed with 10 ml
of 0.1 N HCI, followed by § ml of distilled water. The absorbed S5HIAA |

was eluted with 5 ml of 0.02 N NH,OH, and an aliquot (2 ml) of this

4

eluate, was mixed with 2 ml of 6 N HCl. The fluorescence intensity



of this solution was determined inva ?erkin Elmer spectro phofofludrimetér.

set for activatién at 295 nm and fluorescence at 535 nm. Sinc‘-e t‘he

fluorescence intensity of fhe solution was found' to decreasé with :

 time after the ‘addition of 6 N HC l\, the estimai;ibr; was carried out

within 15 minutes of the addition of thé acid. _Oné drop bf a saturafed
solution of potassium persulphate‘vin water was neXt.adde:d' fo the solutionv :
" and mixed trixoro»ughlyA. After 3‘minutes, the fluoré‘scence of the mixtgre

 was again determined, and this value, which reprééented the uriné

"b.lank', was .subtfacted from the original fluprés‘dence to give kt'he

.corrected fluorescence of SHIAA. Recovefy éxperiménts Cafried out by

thié method sho{&ed, that 97% + 3 (mean + SD) of the added SHIAA to the
urine could b e récovered_‘ A standard curve for detérmination of SHIAA LSe-sﬁchn

is shown in Figure 2.13.

2.19 Determination of N'-methvylnicotinamide (NMN) in urine -

‘The method used for the determination of NMN was a modification

of the rhethod of Carpenter and Kodicek (1950).

| Reagents: The reagents were methyethyvlketone—MNCl prepared -

2!

to 500 ml of the purified

by the addition of 1 ml aqueous M/10 MNGL,

ketone; sodiumhydroXide 6 N; hydrochloric acid 6 N; and potassium -

~ dehydrogen phosphate 20% (w/v).

Prpcedure: Urine (0.2 ml) was pipetted int§ the matched calibréted
test tubes followed by 0.8 ml of water and 0.5 ml of ketone solution and
mixed. After 5 minut‘e.s 0.3 ml of HCl was added, rﬁixed, and heated
for 5 minutes in a boiling water bafh, -and then cboled in cold water.

Potassium hydrogen phos'phate' solution (1 ml) was next added and the
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{/olume made up to the 10 ml with. distilled water. :Thé fluro.eAscence 1
was measured in a Perkin Elmer spectropﬁotofluorimeter set for.activation
A ét 440 nrﬁ and fluorescence at 575 nm -A reagent blank with water and
>standar.d With NMN (Sngma) were é'lso run through tHe same procedure.

A standard curve for NMN determination is shown in Fig.ure 2.14.

Statistics

“All results are expressed as average + SEM. Student palred 't’
test was used for the comparison between values of before and after -
operation and student 't' test was used when the values of cancer

patients were being compared with those of patients with hiatus hernia.



CHAPTER THREE -

' AMINO ACID AND PROTEIN METABOLISM IN PATIENTS'
UNDERGOING SURGERY BECAUSE OF HIATUS HERNIA, |

- OESOPHAGEAL CANCER AND LUNG CANGCER



1. INTRODUGCTION

- The mobilization of tissﬁe p}otein in the tumoﬁr—béaringv host:

~ to fneet the requirement of the neoplasm ﬁas been shown to result

vin alferations in the nitrogenous constituents of b.lood’. Thus Babson
(1954) obsefved a pfogressive rise in the level of nonprotein ‘hitrog'en
in the blood of tumour¥5earing }ats throughout the‘period ot tumour
growth. Similarly Wu -and Bauer (1960) reborted that in raté_ large
inc;teases in blood amino acid cqncentrations aécompanied tumour

growth'.

’ Hypoalbum inaemia is a common observation in patients with _-’
malignant tﬁmours (Mider, , Allihg and Morton, 19‘50; Ste_infe‘ld, 1960;;
Mariéni‘,A Stfober_e_ggg. , 1976)A. ~Initially, decréased albumin synthesis
was thought to be thé sdl’e cause for thev hypoalbuminaemia (Steinfeld, .
1960; Waldmann, Trier a‘nd f‘a.llon, 1963)‘. 'Recently, new metabolic
turnover technidues have been ﬁsed to demonétrate that exceséive .loss
of sefurh protein into the gastrointestinal tract méy also contributé to ‘
the obse‘rved_vhypoa.lbuminaem ia in some patients (Wa.ldmanh, Broder

and Strober, 1977).

The primary ihterest of this study was the investigation of protein
, and amino acid metabolism m patients with carcinbma of oesophagus
| béfore and after surgical treatment, since thesre >patients are frequently
- .malnourished as a result of reduced foc.)d. intake and quite often have a
profcracfced period of recbvery after surgery, which involves an extensive

opérative proceduré such as oesophagectomy or oesophagogastredtomy_.



After oeso phagectomy.fat absorption has been reborted to bev vim pe ired
(ShilsAand Gllat, 1966; Shils, 1971) and this is thought to be due to |
th.e sacrifice of the vagus nerves at opefatien . On this ev'idevn.ce‘ i't
seemed im portant to stud? changes i'n; protein and arhino ac‘:id'meta.boiism:
in patients undergoing surgery for oesophageel'cancer‘. SllmilarA studies
- have been done in patients with a noh—maligriant d-i“seavse of the
oesophagus,_ hiatus hernie, since sergery»for'this diseas}e also rrequ»ires -
thoracotomy and the handling of a part of the alimentary tfact.' " "FI'hese |
V patie‘nt_‘s then served as cont.ro,lsb for the oeso‘phagealvcancer patieht_s .
Surg ical treatment of lﬁng cancer; whilst -requi'ring thoracotomy, does
not involve handling the gut. This chapter des'cribes the patterns of -
plasma proteine, amino acids, urea nitrogen, zinc, c‘opper arid urlnary
excretion of nitrogen—containing compounds, z"mc, coppef; petassium

and urinary activity of ribonuclease in these three groups of patients.



2. RESULTS

Before oberation, 'patien‘ts V\;ith oesophageal éanCéf, but not thoée

_ vﬂth lung Cancer, had signi‘ficanvtlyr lovwer plasm'_a protein.conqentratidh_s
than patients with hiatus hernia (Table 3.1). After operation the
concentrations of total protein fell in both oésophageal cancervarnd .

- hiatus hernia pat’ien'fks whereas they did not'cAhan.ge signifiéantly in the

| lung cancér patients. In fact, the concentration of tobtal protein was

never »significantly below the pre-operative level iﬁ the_ leg caﬁcer

patients up to 1-4 days after the operation. Whereas in the other‘ tw§'
groupé the c-;'mcentratioﬁs remained belo'w' the pre-operative irélue up toA

. t.he 7th post-o perative day. | Up to th‘is.time, the vaiueé in the oésophageal'

cancer patients were lower than those in the hiatus hernia patients.

The findings for plasma albumin (Table 3.2) ‘were similar to those
fof tofal proteiﬁ exéept tha.t the concentrations remained lower than the
pre-operative values up to the 14th day'after éperafion. Thé post— :
operative concentrations of 'g.lobulin' (Table 3.3) were sighificantly lower
than the pre—operéfive values only in the oesophageal cancer pavtié’nts, .

and in these patients they remained low until the 7th day.

The‘ pre—bperative concentrations of each of the eésentiél amino
ac»ids (Table 3.4) were. similar in both groups of cancef patierits and"in |
thése with hiatus hernia. No significant changeé weré found in the
- concentrations of isoléucine in any vof the groﬁps following surgery.

The concentrations of leucine, valine and iysihe were sighiﬂdanﬂy o

higher at 14 days post-operatively in the two groups of cancer patients



tha;n in fhe hiatus hernia patients. - In the lafter patienfs, hoWevef,,

the concentration of valine was significavntly‘ lower at 14 dabys after

kvoperatio‘n than before Operétion._ ~In the case of thréoniné the concentration
was lower aftef operation at each“‘stage exémihed . Iq the oesophageat
cancer batienfs the concentr’ation of thisv amino acia fell mafkedly
following su‘fgery and gradually rose up to 14 days b.y which time the

’ Value was n@t significantly différent from the pre-operati\.re value.

In each group, the cohcentration of phenylalaniﬁe rose to a value that ‘. o

was significantly higher than the pre-operative value by the Seciond

po’st~<.)perative day. The concentrétion of ﬁethionine fell immediafely

after 'operation 'Ll;l the ﬁi_atus hernia and oeso phag‘feél cancér patients but

did not change significantly in the lung cancer patients.

Of tﬁe non-essential amino acids (Table 3.5), the pre-operative B
plasma concentrations of alanine and arginine were significantly .loWer
| in.pailents wifhlu_ng cancer than in those of fhe othér two’;gro-ups L
After operation' thevconcentrations‘of glutam ine fell in all iaatients_ and
remained ’.low throughout th_e .post—o perative periéd . The concentrations
of glutamic acid fe.ll,immediately after suréefy in patients with hiatus
hernia and oeso.phageél cancér wherears t‘he level rése in luhg cancer -
patiénté. The levels, however, returned to pre-operative value in all

patients by 14 days after operation.

'fhe concentration o.f‘glycine fell immedla.tely_ after éurgery in
patients with hiatus hernia and oesophageal cancer but not in those with
lt'mgv cancer. In the latfer group the le{;él fekll on the second post-
opérative day and in both grbups of cancer patient’s'the levels remained

low until the seventh post-operative day. By the 14th day after surgery,



the glycine concentrations in the plasma of all patients werecomparable

to those of basal pre-operative values.

In patients with Hiatﬁs hernia and oesophageal eencer, but not
" in those with lung cencer the concentrations of alan‘me, arginine and
histidine fell immediately efter surgery and remained low throughoutv' !
~the post—operatlve period. 'The post-operative chehges in the
cobne‘entx."ati_ons of arg’inine and his’eidine fo,llowed th‘e‘ seme eattern as

- that of alanine.

In all patients the concentrationsbo‘f serine fell immediately after
operation and remained low until the second day. By the l4th day after
~surgery the concentratioﬁs had risen to values which were net‘

significantly different from those before operation.

B In general,.the post-operative patterns ‘of chenge were SLVlCh‘th‘at
plasma amiﬁo acids.could be grouped into three brofiles;~
Profile 1, Contained those amino acids whose concenfrations fel‘l :
‘markedly after surgery. These included glutamine, alanine, glycine,
arginine and theronine. .In one of the hiatus hernie pétients (Mrs . G.L.)
howev‘er, the conCen{rations of alahine fell immediately affer operation,
but rose again and was found to be surprisingly high on the seco'nd and
seventh post—operafive day (1.6 and' 1.7 mmole/l‘respectively. © Maximum
normal limit 0.6 mmole/l1).
>Profi:le 2. Contaiqed those amino acids whose cencentrations were -
mederafely ‘affected by surgery. These included‘ hist‘idine, serine, :
‘and glutami_c‘ acid. The concentration of glutamic 'acidl fell ih hviatus‘

hernia and oesophageal cancer patients, but rose in patients with lung



- cancer immedlately after operation.
Profile 3. Was exhibited by those amino acids whose concentratlo'ns.
changed only slightly or not at all after surgery. These included

phenylalanine, lysine, valine, isoleucine and leucine.

Pre-o'perative concentrations of. plasma uréa;-nitrogen werehfound .
'(tb be similar ih both cancer-éatients and patients'with hiatus hernia

: (Tablé 3.6; Figure 3.1). After operatiou,‘ however fhe plasma urea-
nitrogeh in lung cancéf patients, but ﬁot in the othér-two groupé, rose
'ahd Was siénificantly hi_gher than the pre-operative level on the an,‘ 4
7th ahci 14£h 'pos_st—operative day. | On the .l4th_ day thé‘.levelsv in 'pa'tierits-' | -
with hiatus hérnia wére significantly lower than.be‘fore operatioh .

The plasma urea nitrogen concentrations: in oe_sophageal-canéer patients
was not éffected by surgery. Pre-operati_ve‘concer‘itratvions of plasma
zinc were similar in both groups of cancer patiehts and in paiients with ‘
hlatﬁs'hernia (Table 3.7 and Figure 3 .Zaj.' Moreover, the Ale%rels‘did_ |

" not changé significéntly irnrﬁediately aftér surgefy but did ,fallv si.gnlficanﬂy .
in all patients by 2 days. In pétients lw;Lth hiatus hemia and oesophageal B
‘cancer, but.not in those With lung can“cer, the post-operative fall 6f

| _ plasma zinc was icoincid'ern.t with a low level of vexvcre.tion of ziné i;l the urine
{Table! 3.8 &‘A;Fig‘&Zb)Piasma"copper concentrations, howe'v'er, présented Lo

a different pattefn of change . Before operation the concentrations in
oesophégbeal_cance'r patients were higherkthan tho:se in the other two .'

groups (Table 3 .9); By 2 days after surgery, the levels had fa.l_len>
siﬁnificantly in the oesophageal cankcer groﬁp and remained low until

thé seventh day. In COntI‘aSAt, in hiatus hernia pétients t_he levels were
ele.vated on the 7th and 14th post-operative da;rs. | ‘No éignificant changes -

were found in the patients with lung cancer. - The pre-operative excretion



of copper In the urine (Tabvle_ 3.10) was -similar‘,in all the patients and
‘ rema‘ind.ed so during the coursé of the study. | Before opérétion; there o
was ﬁo difference between any Of the groups in the'éx.cvretioh'of potassium‘
_(Table 3 .11)7 By 2 days after surge-’ry‘the levels ih the ':patients With

- »hiatus hernia and oesophageal cancer, but not ih thoAsbe with lung cancer,
| had risen significantly, but they returhed to the pre?c;perative level |

b}lr 14.daYS. Conversely, the excrétion of »so‘diur.nbhad fallén _éigniﬂcantly :
in all patients by the second post-operative day (Tbablev3 .12). The' levels
ho‘wever, _recbvered aﬁd reached the val‘ué‘ which wasv ri_ot signifiéantly
different from that befo're oberation by '14 déyé _éfter s‘urg“ery. The urinafy "
excretionsro‘f nifrogenoﬁs compounds bef_ofe and after surgerﬁf ‘are v'shown in-
Tables 3.13, 3.14 and 3.15 and Figures 3.3 and 3._4. Be:for'e operation
the concentrations of total-nitrogen and ure_a—nifrdgen 'vs}ere- similar in
'cancer patients to those in patients ‘with hlatds hernia (Figure 3..3), but
the levels of amino-nitrogén_ in oesophageal cancer grbui), and creatinine-
’nitrogen in both grdu pé of cancer pati'eﬁts were Higher than vthos'e in patien’cs ‘
with hiatus hernia (Pigure 3 .4k) . Furthermore:,_‘the levels of tota,l—nitrogen ,
and urea—nitrogen in hiatus hernia and lung yéavncef ‘patien..t»s showéd a |
‘tendency to Vincreasev in the early post-operative périod but by 1.4 days'
éfter surgery their levels weré found to be below the p_re—operative levels.
In oesophageal cahcér patie'nts, but not in the other two'groupsv,. thefé |
Was a progressive decrease in thé levels of tofa[—hitrbgen _énd urea-.
nitrogen following surgical operatio_n. ~In luﬁg céncer patievnts, but‘

vno;c iﬁ the other two groupsv, the concenfrations of am irio-nitrogen wefe
fouhd to be elevated bn the second and sevenfh post—bpérative day‘s

(Figure 3.4).



Before operatiori, the activities of urinary élkéline’ fibon;:clease |
were simiiar in caﬁcer patien.ts' to thoser in patients with hiatus hernia
(TaiJle 3'.16) . ’ By two days after operation,’th_e activities rose vto.lev.e,ls .‘
»_\‘Nhkbzhv weré significantly lﬁigher th;‘:m pre-o perafive \}alues . and the .
b‘igge.st ;1se occurred in Apa'tients Withkhiatx;s hernia. The _leve.l_s, |

‘ however, fell to thé pre?operative value by 14 days after operation.
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- Table 3.4

Concentrations of plasma essential afn ino acids in patients’
undergoing surgical operation for hiatus hernia,
oesophageal cancer (OC) and lung cancer (LC).

(HH),

Values are means + S.E.M. for the number of patiénts shown in parentheses.

Amino acid Patient Before Immed iately After operation (days)
umolA operation after 2 7 14
-plasma operation '
Isoleucine HH (9) 74 %6 58+7 68410 85+7 76%9
| oc (1) 7944  79+8 75410 86414 99 +10
IC(8) 7748  69+9 82111 86+9 835
Leuclne HH (9) 13249 118410135416 147 +12 113 14
OC (11) 140+14 139 +16144+22 156+ 18 169 +18+
LG (8) 139+9 118+ 14153 +15 160 +16 154 + 61
' Valine HH (9) 231 +12 177 +22215+20 225+13 169+ 16
| OC (11) 223 +22 209 +21 212 +30 236 +32 269 + 28+
LC (8) 239 +26 193 +23 243 +31 284 +30 228 + 14 ++t -
Methibnine HH (9) 28+ 5 17 + 3+ 35_&7 2‘6_4;5 23 i‘6
| oC (11) 31 +7 1442t 29+7 30+5 30+4
LC (8)  20+3 2142 3145 2944 1843
Theronine  HH (9) 159 +11 120+14 78+3 « 93411 99 +12
. C(11) 158415 89 +3 ~98+11 112 +18 135423
LC(8) 11247 - 93417101 +11 134 +16 102 5
Phenylalanine ~ . - :
HH (9) 62 +6 55+9 8l+9% 71+13 6645
oc (11) 77 +7 5745 99411% 77+9 6946
LC (8) 80 + 8 75412112 4147 76 £12 7547
Lysine HH (9) 207 £15 170 +13 150 + 11 161422 175420
| OC (11) 234 +26 176 +16 173 +22 185+ 17 258 + 364+
IC (8) 173 +23 163 +25 175+ 24 220 + 23 221 + 23+

Statistical significance of differences between values of before and after
operation shown * where P <0.05 ** where P < 0.02 and *** where P < 0.01.
Statistical significance of differences between values for cancer patients
and that of patients with hiatus hernia shown® where P <0.05, h‘ Where
P< 0.02 and *iT where P < 0.01. v -



Table 3.5 Concentrations of plasmé non-essential‘amino acids -
' in patients undergoing surgery for hiatus
hernia (HH), oesophageal cancer (OC) and lung cancer (LC)

Values are means + S.E.M. for the number of patients shown in parentheses.

Amino acid Patient  Before Immediately ~ After operation (days)
-umol/ 1 ~operation  after o 9 _ 7 RV
operation .

* %%

: : * k% * % * % v
Glutamine HH (9) 514 + 23 398 + 15 _389 +25 437 +28 372 +18
o i : * %% : * % * % S %
. OC (11) 517 + 31 348 + 19 346 + 25 407 + 23 397 + 44

*k*% *k*

S * %% * %
LC (8) 595+ 42 - 440 + 16+ 419 + 43 418 + 31 464 + 2677

. . . v x ) : | *
Glutamlc  HH (9) 57.1+8.5 41.0646.4 32.1147.6 56 +6.9 50.40+10.5

acki : . * * %% .
acle OC (11) 56.8+47.0 46.6 +6.0 30.0 +4.2 61.0+8.0 - 6148.7
' * Kk . * .
© LC (8) 57.347.5 95.0 +10.2+i+48+48.5 84 +8.5 68.4+8.6
- ' - *%k * k% ’ - =
Glycine  HH (9) 274+26 182 +23 150+ 13 218 +22 220 + 23
’ ‘ * kX%
OC (11) 245+21 156 +15 157 +21° 175+13 240 + 29
prer v Eee |
LC (8) 266 +28 217 +14 211 +19. 195+22 205 + 32
A . » N * %% ' * %% ' *%k* *
Alanine HH (9) ~ 459 + 36 - 349 + 38 243 +36 265+ 35 361 +36
. * k% * % ’ k) x
OC (11) 392 +40 248 + 33 242 +32 223 + 38 289 + 53
IC (8) 357 +32 385+23 318+44 232 +30 270 +17
‘ - : ’ **%i *kdk . * %Kok
 Arginine  HH (9) 8443 6246 46 + 4 60+ 8 48+ 5
. . . * . - -
OC (11) 84+ 8 61+6  47+8 6245 74+
~LC (8) 6l + 5t++ 58+ 2 52 + 3 62 +10 50+
- * :
Histidine  HH (9) 81 +5 68 +7. 7047 . 6245 46+6 "
. ) . - % LT . — —
oc (1) 79+7  67+11 64+8 - B4axa4 78 %18t
LC (8) 69 + 8 66 + 9 72 + 11 59 + 5 53 + 3
Serine HH (9) 157 +25 131 +19 130+23 159 +18 146 +18

* %%

o . * .
OC (11) 176 23 129416 95+ 11 118+20 156417
.
LC (8) 179423 159421 110+18 139 +18 132 +14

Statistical signifidance of differences between values of before and after
operation shown * where P < 0.05, ** where P <0.02 and *** where P <0.01.

Statistical significance of differences between values for cancer patients
~and that of patients with hiatus hernia shown +{ where P < 0.05 ffwhere
P <0.02 and ++t where P < 0.01. o :
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Figure 3.2a.Effect of operation on plasma zinc concentration in patients o
30 ¢ : undergoing surgery for hiatus hernia, oesophageal cancer
‘and lung cancer : '
204
10 F
Before : 2 7 14
operation Time after operation (days)

Figure 3.2b. Effect of operatLon on urine zinc excretion in patients

undergoing surgery for hiatus herma oesophageal cancer and
lung cancer .
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Figure 3 .3 Effect of operation on the urinary excretlon of total-nitrogen and
urea-nitrogen in patients with hlatus hernia, oesophageal cancer
-and lung cancer. (Mean + S.E.M.) S

Statistiéal, significance of differences between values for cancer patients
and that of patients with hiatus hernia shown x when P 0.05, xx where .
P 0.02 and xxx where P~ 0.0l. ‘ ’
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Figure 3.4 Effect of operation on the urinary excretion of am ino—nitrogeri
and creatinine-nitrogen in patients with hiatus hernia, oesophageal
cancer and lung cancer. (Mean + S.E.M.) :

Statistical significance of differences between values for cancer patients ,
and that of patients with hiatus hernia shown x where P 0.05 and xx where -

p 0.01.



‘gp° 0 d 2I9UM x UMOYS .cozmhomo I91Je puUe 210j8g JO SON|RA UDDM]S] SSOUBIDIIIP JO oOURDIIIUDIS 1ed11sTiels

(¥) L9°TF99°S L9 9 T+ L0%9 MORAAR SRR C(9) €0"TF 99" e | Ieoued BunT
(£)o9'T1+¢6'y  (4)29"T+60°S &a 9p° T+ €5°S (L) %*0+¥8z'z ~  Iooued [eabeydosaQ
(9) 8 TF ev'y  (9) €6°0F L6°T o) ZT'Y FS0°TT ~ (6) €9°T ¥ 8E'¥ . ~ erursy snielH
vI . / ; o 2 | . : uoijetedo
(sdep) uorietedo Joije SWIL T o m_»ob.ﬂmm

sasalyjuaied U] UMOUS pozAjeuUe sejdwes JO Jequnu oy} ,HoH *IN"T°S + suesW aie saniep

. Jaoued Huny ﬁcm Iaoued Emmmsaowmo erulsay snjely Jjo osneosq uolieiado
Jeo1bans mSonvc: sjuarled ur Amﬁcﬁmm.ﬁo mE\ﬁcD mmmmﬂoscogz mc:mv:m jo 3;:9@ AJeuiiy .91°'¢€ elqel



3. DISCUSSION

Three groubs of patients have beén st’ﬁdied in tﬁis 'mvestigation. '
_ One 'group had a bénign.condition, hiatusiherr‘llav, 'énd served as a
- control for patients with oesophageal cancer. Differenées between - 3
"these patients beforé operation are likely to be due‘to cancér and iﬁe
conse'quent malr;ufri‘;ion‘resulting ffom d.ysphagi.a.' Differenées‘vafter
yqperati'on are likely to result from‘theb different- operétive procedures.
Whereas ihis has a common feature in that if involves’a thorécoiéomy’, :
it differs in its sevéfity, in degfee of 'shoék, b‘lokod loss‘andbiﬁ the
‘e‘xtent to Whiéh the g.ut is handled. There -is a_-lso’the pfoblem thaf: |
oesophagectom‘y whether with or without partial or total gastrectomy
causes disturbances bf inltestinal fu’nction‘which are in ‘pért due to the

necessary sacrifice of the vagus nerves at operation.

The third grbup of patients also had cancer, but 'at a svit:e removed
from the alimentary tract. Surg@cal treatment fhefefore did. not involve
interference with the 1tract, ‘but like the other opérations does necessvi‘tabte .
a»vthoracotc')my; Furthermore, some lgng tumouré prc;duce h’oxmories which _
may modify the metébolic respoﬁse to surgery.. The following diééussions_ v
will therefore focus on the following as pectAs of fhe problems presented |
by these patients:~ (a) The effects of cancer. on metabolism inciuding |
the differences between the ef.fects_bf cancer at different sites (b)' The
Aeffectvs of different types of surgical operation (cv) Thevwayé..in‘which
the metabolic respoﬁse to surgery is modified by the pré—_operaﬂve |
A condifion of the patient. Allb these aspects of the' problem are closely

linked tbgether so that discussion of the various points in order will '



not be possible.

Plasma 4proteins: ,"Hypoalbuminaefnia is common in patients with

cancer (Mider et al., 1950; Steinfled, 1960; Marlani, 1976). In the
. rpresentvst‘udy low levels of albumin hav.e been found pre—operatively

in both the cancer groups studied, buf particularly in patie.nts with’
oesophageal cancer. - In .thls latter group malnutritlon' is atyb least a
. contributing factor as it is well-known that lbw lévels of a‘lbun‘lin are |
found »in patients Wiith protein energy malnutrition (P,E.M.) (_Dean and
Schwartz, 1953). Increased catabolis:n of 'albuﬁih asvwell as :decreased |
hépatlc synthesi.s ére responsible for the'low_ levels in P,E. M. VHoweve'r, .
" in patients with certain types of cancér the condition may be further
exacve'rbated by the loss of a protein—rich exudate into the gastrointes;cinal'
tract (Waldmann et al. ,. 1977). This is unlikely' to occur in.patients wifch
" lung ca.nc.er, but may well occur in those with oésophagea[ canéer,

particularly if the {um_our extends into the cardia of the stomach.

The pést-oper_étivé fall of plasmra albumin‘obvserved in hiétus hernia
apd oesophagéal éancer patients is in agreement with thé findings of
others fﬁat after trauma, the plasma albufnin concentration vfallsv reaéhing
a minimum around the third to sixth day (Fleck, 1976). A fall in plasma
albumin concentration may not, howevef, be an inevitable consequence
of injury, for the concentration hardly changed in the patients wlith lung
. cancer who had a lobectomy or pneumonectorﬁﬁ;. ' In‘addition, patients
hav'mg lung opérations normally resume their normal diet a few Idays |
after surgery whereas those having oeso phagectomy' or oeéophagégastrectomy '
are unable to do so forvone or two weeks. It seems, therefor'e, that |

malnutrition could be an important contributory factor to the observed.



post—operative hypoalbuminaemia 1nr oesophageal 'canCer paﬂents. The
post-opérative fall:i:n vplasma a.lburhih concentration inby. patient§ with
hiatus hernia could bera direct result ‘of surgical catabolism, but the
_surgical proéedure used for thé treatment of these patients'is "less severe
than opefa.tloné on .the‘ lung or thé oésopﬁagus .. quever, the fact that
these~patienté are fréquently overweight and recelv;e a resfrictéd calorie -
' ‘dv’iet as partkof theirvtreatment, rhakes it possible to assun;e théf the
post-bperativefall in a.lbumin cdpcentration in these patien‘ts is due to

a low calorie intake rather than to surgical catabolism.

Hypoalbumfmaemi‘a could have a profound effect oﬁ the response
of patients to bsurgery'. : This effect has beeﬁ inVestigated in e.xperlmental
arﬁmals and in man. Impaired Wouhd healing (Thompsoh, Ravdin and
| ~ Frank, 193 8)k, increaséd susceptibllity to haemo.rrhagic shéck (RéVdin,
McNamee, Kémhdlzand Rhoades, 1944) and increased .‘incidence of |
rpost-operative infection {Rhoadesand ‘il\l‘éxénﬁér,, 1955} have beeh
reported to be assoéiated with hypoa.lbumlhaemia. More recéntl}y, o
1mpa1red.i;nmurie function has been reported in surgical patients ‘W.ith ,

low plasma albumin levels (Law, Dudrick, and Abdou, 1973).

A.moderate lncfease in Vplasma globulin cdﬁcen‘tration in cancer
patienté has been reported beforé (Mider et al., .1950) . In the present
“investigation, the rﬁéah pref-operativé concentrations of globulin In
cancler pa>tients were slightly higher than those in patients with hiatus
hernia. | Furthermore, whereas, thé globulin levels in hiatu's hernia
and 1un§ cancer patients remained un.ch‘anged,th'ey fell slightly, but
significantly, in 'oes.ophageal cancer patients and returned to thelr

pre-operative level by 14 days after surgery. However, theéé post-



operative changes in plasma globulin fra.ct'ions did not rébser‘nble those
reported in fracfcure' patienfs, in which thé generra_l'trend w‘asla slight

} increase in the Qlob_ulih fraction With ap increased ﬂvbr‘inogen' level
(Cuthbertson and Tompsett, ’1935)'. In view Qf the fact that patients
' with oesophageal cancer had a .lower plasma total protéin lével than

’ the other two groups and also that they had a prog.;res‘sive dec'lAlne'in
vurinary nitrogen excretion it WOu.ld appear tha"cv the post-operative fall
in the concentration.of plasma globulin as well as in that of albuminA

was a reflection of their generally poor nutritional status.

| ‘P.laSnlna free amino acids: Although’ an increased level of plasr»nav
amino nitrogen has been shown to accofnpany tumour gfowth in )
lexperimental animals (Wu and Bauer, ‘1960) ahd céncer patients (Goldfeder,
. 1933 repor_ted by Greensteln, 1954), very few studies havé been conducted. »
“in which the”pattern ofb plésma amino acids in a tumour beéring host
hés ‘been investigated. Rouser, Kelly et al. (1962) did, ‘however,. report
a distinct elevation of g,lutanlic acid in patients with chronic leukaemia.
In fhé present study, the pre—-éperatiVe levels of ‘a.ll eséent.ial arﬁino
acids were found to be éimilar in both'group_s of cancer patients énd in
those witﬁ’hiatus hernia. Of the non—-éssentia.[ amino acids, the
' conéentrations of alanine and érg'mine were significantly loWer in lung
cancer patients than ‘in the other two groups pre—operati\./el‘y.. After
operatloh, however, the pattern of plasma am ino acids in patients
treated for lung cércinoma differed distinctly from those in the other two
grou ps. Plasma -bran'ched chain amino acid coné:entr’c_ltions were not
affected by surgery, while those of alahir;e, glycihe', ihreonin_e and |
arginine fell immediately after opération in oesophagéal and hiatus

‘hernia patients, but not in patients with lung cancer. “Furthermore,



whereas thé glutamic acid level rose after surgery in lung cancer patients,
it fell in the other two groups. A post-operative fall of plasma amino

~aclds has been reported in recent years (Schonhyder g;_a_L ,.1974; Woolf _ ;

~etal., 1976; Dale etal., 1977). However, the mechanism by which
surgical operation results in a lowered concentration 6f plasma Vamirio. :
acids has‘.nolt been described. Schonhyder ggg_l_ (1974) have Suégested _
t_haf post-operative malnutrition is the main qéﬁsati&e factor.  This

' suélgestion lis not, however, supported by thé,faét that contrary to present
findings.malndtrition and protein deprivation,revsur.lt in é fise in non-
essentlal amino acids and a fal..l in tho;se_ of essential amino acids . The
post-operative fa.ll in the concen‘frativonsb orf plésmé érhino _acids‘ could

~also be éttributed fo the enhanced rate 6f gluconeogenesis‘ known tb

follow surgery (Kinney g_gg_l_.', 1970). The pfesent finding that in

hiatus hemia and éesophagea,l canéer patients low .levéls of plasma

alanine and glycine followlng immediatély after 6peration were accom pénied
by elevated levels of Qlucose (see Chapter 4) provid'es direct evidence

in slupport of this suggesﬂon, as these two aminb ac.id‘s‘éré knoWn fo_

serve as the main substrate for gluconeéogenesis, |

Moreover thlé hypothesis would also explain the faiiure of éurgical tréumaf
to affeét plasma concéntfations of branched éhain amino acids; as the

main site of metabolism for these gmino acids is _muscle, and thefefore,

they pass through the liver without being taken up for the purpose of

glucose synthesis (Mil_ler, '1'962)‘.

. The post-operative changes in the concentration of alanlne in
patient G.L. require a separate discussion. This pétlent was overwelght

and had a high blood glucose (15.9 mM), alanine (500 # mole/1) and



FFA t0.7 mmole/l),‘ pre—operatively. After operaitvién, in orc_iex"‘to ;reduce.
her‘bodf wélght she recelved ka ‘lvow caLorie diet. Imme‘diately after |
' surgery, the blood. g}ucose level _did not change., _the a[éﬁine conceptratién
fell and fhe FFA level rosé tb a vé.lue whlcﬁ was tx&ice the pré—oper’atlve _
'valuev . By‘2 days after operation plasma alanine rose tb an extre'melyA

high 1evé.l (16 ‘mmol/1l) and remained high until 7 days', and this was
accompanied by vvery‘ high level of glucose (19 :4:zmmbie/ 19};. and .EFA
(1.5 mmol/.l") . 'waever plasma: alanine, but nof: glu’cos‘,eA or FPAV, fell
to a level comparable to the pre-operative value by 14 daYs affer operatloh. B
The‘seb ;eéu.lts would suggest that the vpatienf was in a diabetic. state -
before undefgoiﬂg o peratlcia‘rvl, ‘and that her ‘dia‘betic cohdiﬁion became
| more severe after surgery. Moreover, éci‘mihis’érétio’nv ‘ofl a. lFOV;I calorie
diet seems to ha\}e resulted in an increased breakdown of prdtein in thé :
muscle, with the consequent releése of high amom.mts,'oAf al.a‘ninve into

the circulation faster than it could be removed by thé ‘.live‘r.' ‘This
explanaﬁon Is consistent with the observatloh that the b.lobd urea
nitrogen was also high after surgery in this pafient; ‘ 'I"hué indiéatiné

an enhanced rate of glucose product_ioﬁ at the expénse‘of plasma amino
a.cid ‘V _The plasma urea nitrdgen in other paﬂenis with hiatusk hvérnla or |
:oe’so'phageal cancer dld not change s.ignifl'cantly‘ but in .lung’ cancer
patienfs 1£s level ro.se éftér ‘operation, and this risevwas not accompanied

by a high blood glucose level.

The post-operative fall in the concentration of plasma glutamine and
the early rise in the level of plasma phenylalanine observed in all
patients, are in agreement with the findings of Vinnars et al., (1976),

‘who also found a fall in the concentration of glutamine and a rise in the



level of plasma phenyiaianine fo.i.lowing surgery. Moreover, the
present results provide further evidence in support of Kinney's view
(Kinney, 1977) that the decrease In glutamine observed in injured subjects

is unique to surgical catabolism.

Plasma and urinary zinc and copper: Serimi co‘p’periieve'is have,
been reported to be elevated in patients with Hodgkin's d,isease (Warrerlf
’]eiiiife et al., 1969) and in those with osteosarcoma (Fisher," Byer _ej;g_i. .
_ 1976).' The present results indicated that pre—operative' .leve.is of p.iasma.
copper in- oesophageal cancer patients, kiut not in patients with ‘lung:
kcancer, were vsig‘nificantiy' higher tharr those in patients'with hiatus’hernia .
Furthermore, the post-operative fall in thevconcentrationdof plasma .covpper
in oesophégeal cancer patients can be attributed totheir response to
surgical therapy, sirice it has been shown thét in patients with osteao-
_sarcorrxa, the high serum copper ievei was .reiated to disease activity,
With a return to a normal level after treetment (Pis}ier _eté__l_. ‘,, 1976). )
On the other hénd, the mean levels of piasrna ‘_copper in hiatus hernia |
arid lung cancer patients showed a tendency to inorease efter surgery.
Tilis can be attributed to the effect of operation, ae it hevs»been ret)orted
" that a mild hypercupraemia may develop after operation (‘Sasvs-C'art‘svak, :
1965). Pinaliy the present investigation suggests that the presence‘of :
a tumour probably hae no effect on the rate of copper excretion in the
uri.ne . Moreover, surglcal operation exerts no significant effect on

the urinary copper excretion.

There is no general agreement as to whether the presence of a tumour -

in the body changes the concentration of zinc in the plasma or its



excretion in the urine. While, Wolff (1956), in a study on 45 patients

-with carcinoma of different aetiolorgy and site, found decreased values

for serum zin‘c., Davies et al. (1968) in'an investigation carrled out in

49 cancer patlents found that only patients _with carcinoma of the bfonchus o

: vhad a significantly lower_’plasma zinc as compered with controls. Iﬁ the
present investigation, the pre—operath}e. levels ef plaema zinc In cancer
patients were similar to those Iln patients with hiatus hernia and all levels
were within the normal range. As to the effect of _surglcel operatien on |
‘ . plasme ziﬁc', the present reSult’s‘ sugges{ that surgery ls fo.[,lowed by an
earl? fall in the conceniratiori of plesma zinc which does not aepear to
be re l.ated to the Atype or severity of the procedufe; in aadltion, m
oesophegeal and hiatus hernia patients the fall ;n plasma zinc eoncen-—
tration‘s' coincided with a fall In its urinery excretien which'sug’gests e
that in these patients surgery resulted in an increesed rate of zlnc
uptake by ‘the tissues.b ‘However, in patiehts with lung cencef the

o peration Wae followed by a moderate rise In urinary zinc excretion.
Sinee in these patients urinary amino ‘nitrogen followed the same pattern)
li can be postu lated _that‘ the rise in zigc was ihe result of increasedk |

. tissue breakdown.

Sodium and potassium excretion: The alteration‘s ‘in the rateof
sod ium and potass.ium excretion followi.r@ surgery which were observed
‘ in the present investigation are essentially consistent with vthe findinge
of others. That is to say, that afterloperation fhere is a retention of
sodium in the body and the excrefion of sodium in the urir;e falle while.
- that of potassium is' increased due te tissue ‘breakdown. | However, In
" lung cancer patients the excretion of potassium relmrained unchanged

after surgery. In so far as increased amounts of potassium are found



in the urine whenever the tissues are iosing potassium such.as occurs
after injury, the absence‘of post—operative change observed in lung
cancef patients may indbic‘ate that those patients were in a less severe
catabolic state than were those »in. the other two groups. The fact that
.these patients. had.a higher plasma i_nsulid (Chapter 4)» post-operatively
as compared with the other two grou ps, gives eupport to fhis idea, as
it is knewn fhat potaseium excretion is iecreased in diabetes (Davidson

and Passmore, 1969).

Urinary e};cretion ofknitrogenous compounds: The pre-operative |
excretions Qf totai nitrogen and urea nifrogen were similar in» patlents
with cancer and in those with hiatus hernla. ".['heée flndihgs are
consistent with those of White (1945) who showed that the tofal urinary |
nitrogen In tumour~bearing subjects was not increased énd this wes '
interpreted es being due to the action of the tumour in retalning nit-rogeri.
| Similarly, Bach and Maw (1953) studied the excretion of‘ amrr‘l‘onia,‘ urea

and creatinine in rats bearing 'the Jensen sarcoma. They feundjtlr.lat the
“levels of these compounds Were not signiﬂcantly different from those of
the eoniro.ls; HoWever, the present investigation showed that before

o} pefation, céncer patients excreted mere creatinine nitrogen per Kg

body weight than patients 'with hiatus hernia.. Since it is.well known

. that the excretion of ereatinine in males is sl.ight.ly higher than in females,
thé present finding can be attributed to the sex difference rether than

'vto the presence of a tumou'r for the majority of patients with hiatus hernia

were females whereas the majority of those with cancer were males.

\

With regard to the effect of operation on the urinary excretion of

nitrogenous com pbimds . the present results s‘howed that apart from the



: excre'tion of amino—-nitrogen by' lung cancer patients, which wéé found

. to be ‘e.levated on the»an and 7th days after ;urgery, the excretion of
other urinary nitrogenous constituents was not usually increa’sed..and even
showed a tendéncy to decrease aff;er operation . This was specially
evident in oesophageal éancerﬂ patients, bin whom a progressive fall

in "the excretion of total‘nitrogen, urea~nitrogen and amino_—nitrogen
~occurred fo.liowing surgery. | Moreover, the fact ,v thét iﬁ these patLenfs _
thé .post-operatlve vfall 'in the excretion of urinary nitr@genous c'ompounds'.
© was para,llel to é decline in their plasma élbumin concentr.atlon, wbuld,
f)robably suggest that starvation was an importaht contributory effect,
since tota.l_ﬁitrogfen in the urine reflects the nitrogen intake and falls .

by abbut 50% after 2 days- of starvation :(Folin, 1905). ‘On the other
hand, patients Vundergoing operationv for lung ca'rcino‘ma would appear

to be in a better nutritional state when compared Wifh either hiatus

hernia or oesophageal vcancer patients‘.v Neither plasma albumln, nor
lthe urinary excretion of nitrogenous comp‘ound in these.vpatients fell
markedly after operation. Moreover, the slight ‘ear,ly post-operative
ihcrease in the excretion of urea nitrogenAanc.i amino nitrogén can be
attriibuted to their response to surgical operation because of t'heir better
nutrit.i.onal status. _However,r the resultsv of ghe ’present investigation -
are in general terms consistent with the comrﬁon view that urinéry nitrogen
response to surgical traufﬁa iS moré marked in males and in well-nourished -

~ subjects.

Urinary ribonuclease activity: The pr_e—operative levels of urinary
ribonuclease activity were similar in cancer and hiatus hernia patients.
In all patients, the levels rose significantly by 2 days after operation 1

but returned to pre-operative levels by 14 days after surgery. - These



resuité provide further evidence that physical injury is asbsdciatéd thh | :

! lan iﬁcreased_ exbcbzretlon of ribonuclease in the urihe, aﬁd avgfveekwlth '

those of Barlow and Withear (1977) who showed that the activblt:y of
’ribqnuc,leasé in the urine of chiidrenv\'rith burn.'ir‘ljuries‘ was anreas‘ed .

- However, the mechaniém of this phenomenon ié yef to be e#plalned.-
The’c.léarénce of plasma ribonuclease is believed io be ., ét lea#f In ;‘Jar't,
due to renal excretion (Sigu.lem,’ Bfosel et al., 1973) and the Serﬁm |
ribonucleasev activity is increased y&ihen theé glomerular filtration rate is
decreaéed in fnan (Houck and Berman, 19_58). ‘ On this‘.e\kridenc»e, It can
be sp'ecuvlated thét the increased urinary ribonuc‘lease activi;cy ‘observed

ori the second po‘st—operativevday_ was the resulf of an Vincreés._ed glomerular
filtration of .this énzyme. On the other hand, the suggestion fhat o |
ﬁleasurement of ribonuclease activity in the urine Qf.childreﬂ can be

‘ uéed to detect malnutrition (Sigulem et al., 11973) seeiﬁs not jtb bé
applidéble in surglcal patients, moreover,»the observation‘tha_’t urihary
rLbonuclease activity was fhé same in all patiénfs throﬁg:;hout' the studry, :
. would indicate that the aétivity of this enzyme is not closely relat'ed‘ tq'
nutritionall status In thesé groups of subjects , andltherefbre could not be

‘regarded as a measure of nutritional status In surgical patients.

In conclusion, the observations presented suggesf that th_e presence
of a tumour in either of the two sites lnvestigAated ,. oesophagus ‘énd lung,
has véry little, If any, effect upon the general pattern of plasma freé
amlino acids or upon the rate of urinary excretion of nitrogerll—,contéinlng
substénces. Low plasma alb’umin' éohcéntrétions wére, hdwever, founvd

‘in patients with both kinds of cancer.

With regard to the éffects» of surgical operation on protein and amirio



acid metabolism, the present findk'mgs suggeét thét vd‘ifferent surgical :
proéedures coﬁlél hav.e dlffereﬁt effécts, de pendiﬁg on their séver'ity.
and nature. In generalA, ,it seerﬁs thaf Operafions such as lobecfom'y
- or pneumonectomy are é:ssociated »Wlithba‘l'iigh“ekr dégre'e of pbst-operativev
 catabolism in comparison with oesophageciomy. It is sukgges.ted tl.iatb
‘thi-sv differénce could be related to the ha‘ndl»inglof»the gut, rathef than

“to the severity of the operation.



. CHAPTER 4

PLASMA CONCENTRATIONS OF GLUCOSE, FFA, INSULIN
" 11-HYDROXYCORTICOSTEROIDS AND URINARY EXCRETION OF KETONE

BODIES IN PATIENTS UNDERGOING SURGERY

- <



1. INTRODUCTION

Free fatty acids (FFA) and gluf:ose aré the m‘avjor metabélié fﬁelsA
Supplieci by thé blood to peri-pheral tissues for energy productién
(Randle et al, 1963) and inéulin plays a major rolAe in- the.regu'latlon
_of e'nergy metabolism. This hormone increases t'\e fats éf glucose _
utilisation and controls the rate of FFA: releaée from 'aé‘li.pose tissue
(Canill,. 1971)‘. | It is now well esiablished that injury and dperation
B induce a diabetic-type condition, associated wiih gluﬁose ..intolerancé

(Thomsen, 1938;' Hayes and Brandt, 1952; 'Druckér et al., [953). '
: Lipb[ysis has also been reported to be increased post—o_perativély
(Schultisvand Geser, 1970}, leacing to an elevated concentration of

plasma FFA (Allison et al, 1968).:

A Followin.g injury there are changesin the se;:retion of a 'mimber
of hormonés that affect carbohydrate m‘etabolism . In this 'conn'ecti.dn‘,
Allison ét al (1968) performed a glucosé tolerance test in a patient
with bum injury and found that in the écute' phase thére_ was a failure | |
of Insulin respons‘eb to a glucose load, associated with marked glucose
intolerance. Subsequently, there. was persistent élucose intolerance
associated with. abnormally high insulin levels. 'Bsslentially similar
results were obtained when th’e. experimentwasv carried out in/ 'a patient
undergoing laparatomy and exploration of the common bile duct
(Allison et al, 1969). More recently Russell‘et al:(1975) studied plasma :

“insulin levels in twenty patients before and after operations such as



vagotomy, partial gastrectomy, mastectbmy, colon resection and
cholecystectomy.v They found that the insulin level fell during, but
rose after surgery and reached a maximum level by one day after

operation.

Changes in the plasma levels éf catabolic homones fdllowmg
inj’ury have élso‘been 1dve5t1gated. Tﬁus, Hume et al (1962) reported
"_,that during an abdom inél operation thé level of»hydroxycbrticosteroids-rose
to-a‘amaximum level by 4 to 6 hours aftér operation . Simlilaflﬂf
Johnston (1964) found that in a female paiienf undergoing abdomino-
perinéal resection of rectum, t.he plasma cortisol levet rose and |
reached a maximum level by 4 hr after operation. An e.'levakti'on of
plasma glu’cagon' level as a result of surgical Stfess has also been .-
repofted*. Thus, Rus‘sell'e{ al (1975) étudying twenty patients undergoing E
different types of abdominal oper.ation found thaf the plas‘ma glucagon -

levels rose during operation, and declined du'ring the closure of the

wound .

However, in most of the studies cond.uct‘éd SO far to investl:igate‘
chamjes in‘ g»luco’se and'hormo‘nal metabolism following injury, the
obs.ervvations have beenvmade on rather heterogenous‘grou ps of patients
and few studies havé been directed tbwards the eluCldation‘ of the
effects of specific operative procedufes for closély defined conditions.
Moreover, studies in which plasma insulin or cortisol has.been
irivestigated following‘ surgery, the observations have mainly been

made during the "ebb" phase of injury, and therefore, a limited amount



of information is available about the plasma pattern of these hormones

during the recovery period after surgery.: :

The present study was, therefore, undertaken on patients with
" the three conditlons in which we were interested, hiatus hernla', '

- oesophageal cancer and lung cancer involving thoracic surgery.

" Patlents and Methods

‘The patients investigatec_i inthis étudf x;vere those'describéd in
Chapte;* 2 Plasma glucvose was determined enzyniatica[ly-as desdribed | '
by Wérner and Wiplingér (19‘70) . Plasma insulin ‘wasmeasuréd with a
single antibody radioimmunoassay procedure, devel_opeci by‘Ar;lersham

Radiochemical Centre, and total ll-ﬁydfbxycorticors‘ter:oids -byAthe' |
method of Mattingly (1964). Plasma FFA leve"ls'an.d. urlhary% céncentratlons.
of ketone bodies were measured as described by Dunc@mbe (1964) arici |

Natelson (1963) respectively.



2. RESULTS

Pre-operatively, the concentrat;bns of plasrﬁa glucose (Table 4.[»;
| and Fig.iéi.l) were sim';lar in all thrée'grou ps of .patlents_.‘ The levels
were significantly'-'raised irﬁmedlately after operatloﬁ in patients with R '
h»i}atus hernia and besophageal Cancef and subséquenﬂy fell sovtﬁat. -
by the 7th post—olperative da-y' they had failenA to Atheir. pre-o perativel‘ g

R levels; The glucose concentrétiohs in patients With luhg'. cancer |
were not significantly raised immediatély after operétlon. | On‘the
second post—'ope,rati\}e day however, they_ \.Nere‘ s.ignificantly raised 2
:above the pre-operative vaLue, but only to a vé.lue that was similafv to

" that of the two groups on that day. Before operatiéﬂ .theVmean plasma
lnsuvlin concentration (Table 4.2 and Fig. 4.‘2)“was highest in pa_ﬂer;ts
with lu'ng cancer, ihtermed iate in those with oesophageal cancer and :
lowesf in those with hiatus hernla, although the differénces were not
_statistlcally slgnificant. In all three groups the plasma insulin
cohcentrat;ons were not significantly changed imrﬁedlate ly aft.efv
Vsurgery ‘but w'eré raised on the sécond day after operationv;.‘ Both the
rise, and thé abéolute concen_tration Were greater in the lung cancer |
Apatients. In all patients the concentration Had fallen by the 7th post-

. oper,étive day. It then remainéd low in thé patiénts with oesophageal
cancer, but rose agaln in the other two groups. Again the rise Was |
gréater in the patients With lung cancer. Thus‘ a rise ih plasma insulin
concentration follbwed the rise In blood sugar level in pé}tients .with

hiatus hernia and oesophageal cancer and a larger rise was coincident



'With. a similar change in plasma glucose concentration In the

patients with lung cancer.

The plasma concentration of ll-hydroxycorticosteroids (Table '4.3' ‘
and Figv.. 4.3) was higher pre—opefati{zely in patlents wi‘;h hiatus hernia‘
“than in 1either groups of cancer patients, and the immediate post- |
operative rise was also greater in these pétients though a rise'did

occur in each group. By the second posf-operétive day the |
4 cohcéntratioﬁ. of ll—hvydroxy'corticostero ids had fail.len to v‘alues not
bsignlficantly above the pr'e;-operative level in patients}with hiatus
hernia and oesophageal cancer but fhey réma ined higher t.'han the
vpre—operativve level in batients with lung cancer. Plésma?PA A
concentrations (Téb[e 4.4 and Fig. 4'.4) fdse sigﬁificantly .ir; all
patients immediately after operation and by twor day.'s»afterwards had

fallen to their pre-operative levels.,

. Before surgery, the excretion of kétone bodies in the'ur‘me of |
oesophageal cancer patients was- higher than that ofAthe other two
'groubs (Table 4.5). In all three groﬁps the level .o‘f excretlpn was '
higher on fhe second post-operative day. It was loyggr on fhe 7th
and 14th bost—operativ'c? days in all pétients but abdve the pre-operative
level in the hiatus he;nia patients and had fallen beléw the pre-
operative value in oésobhageél cancer patient,s'. ‘At 14 days the
"urir.1ary eiccretion of ketone bodies was léwer in the tWo gréu ps of

patients with cancer than in the patlents with hiatus hernia.



In one female pétient (G‘L) with.hiartus hernia, a distinctly
different pattern of change in the various measurementé was ob‘served
from that described above. Thus, unlike other batlenfs, this',:pat‘ient
had h‘igh. levels of plasma glucose, FFA, l[—hydrokycorticoétero ids,
alanine and urlnary éxcretion of ketone bodies both b'e»fofe a'nd‘after‘
opéfation.' Values for blood glucose and alanine ‘cbncentv:rétio‘nvs

in particular were very high following surgery.
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Figure 4.l.Effect of operation on the concentrations of plasma glucose .
' in patients with hiatus hernia, oesophageal cancer and lung
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Figure 4.2, Effect of operation on the concentrations of plasma insulin
" in patients with hiatus hernia, oesophageal cancer and lung
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Figure 4.3. Effect of operation on the concentrations of plasma "

11-Hydroxycorticosteroids in patients with hiatus hernia,
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3. DISCUSSION

The first indication of the abnornllra'llty In the ‘me_tabo.lki‘sm of
‘carbohydraté in céncer patients came from kthe’ studies bf{ Glicusmanﬂ_’»
and Rowson (1956) who performed glucose tolveranc‘e tests (GTT) m a
.largevgfoup of patientsv With differéht kinds ofv malignant‘tumbur' at :
different sltes; Abnormal GTT were found ln'37% of the patienis-
wiih cancer ln contrast to 9% of batients with benign disve‘ases.: In
another study; using intravenous GTT, Marks and Bishob (1957)
repdrted that patiénts with carcinoma of cer'vix, breaét and wilth '
lukaemia and lymphoma showed a decrease in thé frac'tional ra;tef
o‘f glucose disappearance despite normal fasting blpod suga}. More .
recént measurements, however, using l4C. labeled gl‘ucose (Wbaiterhouvsre
‘and Kemperman , 1971) failed _té find any slg.niflcant dlfferen.ce in the |

rate of glucose utilisation between cancer patients and normal subjects.

| Ih the. ‘present study the pfe~d perative fasting level of blood
élucose was similar in céncer paﬂents and ln patiénts.wlt'h hiatus
hernia and‘the levels bin all patients were withiﬁ the normal fangé;
The pre-operative concentfaf;ons of plasmé insﬁl‘m and li—hydroxy—,
éortlcosteroidsvwere also similar Ln al»l patients. The findlngs of
normal hydroxycorticosteroid concentratllons was perhaps surprising
in view of the fa‘ct that many extra-pltultary tumours, especially thoée
- of the lung sometimes produce a largé amount of ACTH with values aé
high as 10,000 pg/ml. (normal level ‘100' pg/ml.) being reported 'in |

patients with bronchlal carcinomas (Laurence and Neville, 1976).



An increased excretion of ketone bodies in fhe »uﬂne ﬁas been
reported Ln a number of batholo.gical conditiohs mainly assoclated
with abnormal carbohydrate‘metabrolism (Bondy and Felig, '19.74).. |
In the present stud'y it was found ';hat before s‘urgery, patlent‘.s with
oesophageal cahcer excreted a iarger amo‘unt of ke’;one bodles per Kg
body ,Weighrt than patients WLth hlatus hernia. HoWever, since the .
rate of eXcretlo'n' in lung cancer patients was similar to that in patients
~with hiatus hernla, the ke.leva,ted level of excretion of ketone bodles in -
patients with oesophageal caﬁcer wou ld seem to be an ihdlrect, rather |
thanvé direct,r effect of the maligfnént 'btu‘mour. It may in fact berv ’
attributed to mal;lutrition in these.p‘atient's as 'gt is knoWn thaf |

starvation leads to high production of ketone bodies (Foster, 19 67).' :

As to the effect of injury and surgical operation 6:1 carbohydrate
metabolism,. it is now well established that acéldenta,l. injury and..
surgery induce a diabet‘icA.like condltion associated with glucose .
Intolerance. However, the exact mechanism of thié phenomenon has :
not yet be-en défined; Insu:lin suppression hés been imp:licéted 1ﬁ the '
hyperglycaemia occuring shortly after 'mjury. The ovbservatlon by |
Allison et al (1969) that during abdominal surgery the plasma level of
lnrsu.lin failed to rise In reéponse to a glucosé load woqld support this
view. It has aléo beén vsh'own that during abdominal operatibn the
plasma level of slnulin falls (Russell ét al, 1975). In AlliSo»n's view
(Allison, 1974) insulin re,leaée folLowing injury ls subpressed by the
ralsed ‘level of cafecholamlnes observed_. éfter‘lr‘ljury and this would
seem to bev Supportéd by studies in rabbits and man (Céore and Randle,

1964; Porte, Graber et al, 1966).



On _the other hand more recent studies in WhiFCh the effeét of
injury on g‘lucosevutilisation was st‘udvies, have provided ‘evldence
that glucose oxidation Is not vimpe":ired in the Injured .subje‘ct (Kinneyv
. et al, 1970). This obsewation and the fact thaf the level of b.lood
, glucose: represents a ba.lahce between depletion by peripheral utibllsationﬂ
' ahd input from hépatic glycoge‘nolysis and g_luconeogenesis,'ied Wilmore
et ‘a‘l '(1976) to sﬁggest that the hyperglycaemia which follows injﬁry is
a result of increaéed glucose production and not 1mpaired g‘lucdse

disappearance.

Ih the present studies the concentrations of glucose, 'ms.ul'm and
individual amlno acids were measured in the same individuéls at the-
same time and the results showed that the post—opératlve hyperglycaemia
occurred at the same tlme as the concentrations of the g.[ucogenk: amino
' aéids fell. These cfianges clearly are in support of the vlew of Wilmore |
.et al (1976). They did, howéver, occu’r ‘only in patieﬁts with hiatus
hernivarand oeéo‘pvhageAa.l canqer‘. In lung cancer patients negative
evidence irj. support obf Wilmore et al '(1976) view foqnd thaf

iﬁ these patients the level of blodd glﬂéose Wére unchanged tmmedlate.l‘yv '
' aftér surgery and s»ovtoo were the qoncentratlons of glucog_enic arﬁlno
acidé. Mofeovér, it is iﬁcreaslngly apparent that ‘th_e‘ control of blood

| sugar concentratlon is a fuhction not onl}} of insulin and cétechola.mlnes
but also of glucagon. The main physiological role of g‘.luca'gon ls to
increase the output of glucose from the liveAr‘ (Cherrington et al, 1972),
and the leyel of this hormone 1n> the plasma has been shown to increaéev

during abdominal operation (Russell et al, 1975).



In glucbneogenesis, conversion Qf three carbon compounds to

A glucose is brought about byvenzymatic reactions. One of ’;he enzymes -
involved in these reactions is pyruvate carboxy.lasé, and increased
synthesis of this enzyme in the liver occurs in the presénce of high

- levels of glucagon, catevcho.lamvlnes and glucocorticosteroids and of

.10W ‘.leve.lquf insulin that is precisely the hormonal ehvirbnment present
du'ring the catabollic phase of injury (Wilmore et al, 1976). Moreover,
.'thiamin | pyrophdsphate’ (TPP) is tightly bound to pyruvate carbox&lase

ahd also to transketolase (TK) and therefore changes m the concentration
| of TPP in the blood would be expected to reflect the actlvitf of these -

‘ enzymes. In the current study it lwas po‘ssible' to measure the actlvity
of TK and also the TPP effect (Brin, Tat ef al, 1960) in four' patients

with hiatus hernia and three with oeSophageal éaﬁcer band also in 'oné
batie‘nt with lung cancer (enzyme measurements weré madebby' Miss
Elizabeth A.Drur? as part of the project report fequired for the B.SC.V

| Hoﬁours Degree in Human'Bio.logy at Suvrrery Unviv.ersity) . The results

_’ indicated that all three patients wit'h oesophageal cancer and the
patient with lung cancer héd raised TPP effects (using 15% TPP effect
value as indlcétivé of thiaminvdeficiency (Dreyfl_.ls,v 1962)) béfbfe

- surgery. ‘This observatibn is In agreement with that of Basu, Dickerson,
Reven and Wlllléms (1974) éhowing a high incidence of thiémin deflclency

amongst patients with advanced malignant disease.

Two of the patients with hiatus hernia also had TPP effects above

the 15% level, thus Indicating that they too were deficient In thlamin.



A‘s regards the effect of surgery on thiamin’status,v it was lfound‘
that imrﬁediately af.tef-operatio_n theré was a rlse in the TPP effectA in.
patients with hiatus; hernia and oesophageal cancer (Fig; 4.5), whéreas
in the »patient with lung caﬁcer there was a fall in thé 'I‘PP effect
immediately after surg’eryb. ‘Studies by Govier andb Gfeér (1941). and-

o Govler (1943) in dogs and those by Levenson et al (1946) in human :
haﬁe also Lndicatéd a éhangé in thiamin status fo.ﬂowing injury. Govier’
and (.;re'er (1941)vfoAund that thiamin sqpplementatic..m incréases the |

survival time of drugs subjected to haemorrhogic 'shOCk.

This post~§perat1ve rise inA the TPP effect cou.l'dv be related to
an lﬁcreased synthesis of pyruvate carboxylas.e’ caﬁsed by fhe Alr.icreéa‘sed
secretions of é.lucagon and .ll-—hydrox'yco‘rt1co'stéroids aé a consequencé
of szAJrgica..‘l stress with the result that less TPP was avallable for the

synthesis of TK.

However, thé reason for the present f_lnd"ing that .luné bperatibns
such as pneumonectomy or ,lobecfomy are not fo.i.loWed I.ayb an vimmedla'tev
rise in the .lével’of blood glucose refnains to .kl)e e.lucidéted. Itv:is' '
possible that it is related to the §perative procedure, for lung -
operations differ from those of the oéso phagus in that they do not -
neéessitate’handling of the gastrointestiﬂal tract and stimulation of _
the vagus nerve, Whichhas been reborted in 'f..mari . to lead to’

hyperglucagonaemia (Bloom et al, 1974).

As to the effects of Surgical operation on the concentrations of
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Fig. 4.5. Effect of surgery on TPP effect in patients with hiatus
hernia, oesophageal cancer and lung cancer.



p.lasma corticosterqlds, studies by Hume et al (1962) and Iohnstoh (1964)
have shown that the levels of these hormo‘nesr éré raised fo.llowing |
abdominal surgery and that they reach a peak level in 2 fo 4 h(.>urs:.‘

These findings héve been confirmed in the present investigafioﬁ as it

Waé found that in all vpatients the‘ leve‘ls of ll—hYdroxycorticostero.l_ds
immediately after‘operation were sbighifi»cantly ébove the pre—_o-pefatlve"
_;ra.lﬁes. However, whereas in hiatus hernla and oesbph_égea.l c,aricer

paﬁients ‘the‘ levels fell towards the pre—operative values by the. seéond
post—operative day, they remained raised lln lung cancer patieht_s and .

did not_fa,l.l tcAy thelr basal :pre_—operative vélues until fhe 7th post-% | |
opératlve_ day. Moreover, in these patients fhe small elevation in

the blood sugar concentration seen on the‘ second postfoperatlve déy,

could be attrlbutéd tb the ralsed level of .ll—hydroxycérticostero'Lds," |

as thése hormones éré known tovenhance the ‘rate of he'patlc g.luconeogénesis
'Purt_hermore, the rise in the level of plasma FFA accompénied by 'a. »norvmal -
bleve,l of insulin which occurred immed iately'éfter éperation In all patien’ts",.
* could be related to the elevated ddnéentratlons of ».ll-hydroxycortlcdsteroids, '
as ‘these.hormones' vby releasing the FFA are believed to furnish thé

signal molecules which pfovide the switching mechaﬁism for.decre‘aslhé
,glycb.lysis and shifting the balance of glucose breakdown and syhthés[s

towards glucose production (Ashmore and Weber, 1968).

The finding that the level of ketone bodles rose after surgéry, and' v
~at the time when insulin was at its highest levé.l, provides further

evidence in support of the idea that insulin resistance occurs after



Injury. Moreover, the lower rate of excretion of ketone bodles found
In lung cancer patients on the second post-operative day seems to be
due to the higher level of plasma insulin found in these patients on

that day.

. ) vFinaA.lly, the hiéh levels of plasma g,lucqse, FFA, .ll—-hydroxy-"
éorticoéteroids and urinary excretion of ketone bodies dbéewed In
' patiént‘GL throughout the period of study would probably indicate thaf
this patient Was suffering from,d'iabetes pre-—oper‘atively and her state

of diabetes became more severe after surgery.



CHAPTER 5

TRYPTOPHAN METABOLISM IN PATIENTS'UNDERGOING SURGERY



\. INTRODUCTION

Tryptophan 'exists in plasma In two forms, nameiy In é"'bound"
form, reversibly associated with album iﬁ, énd ds .th‘e "'freev“ am_inov acidA
(McMenamy and Oncley, 1958). The free fracfion %:én. pas’s”acrossAthe
brain barrier‘ and Is “cohverted té the brain neurotransfneter serotonin.
| It has been sfiowri ?:haf the entry of trypto pﬁan into fhe brain is
controlled by‘the ratio ‘c‘>fb the concentration of frypto’phan to the sumlv "
of the coﬁcentrations of the neui:ra.l amino acids,. .1éucihe, is‘oleucine,' '
valine, tyrosine and ‘phenYla lanine, Wﬁich‘ compete witbh ;t for uptake

into the brain (Fernstrom and Wartman, 1972). A |

In recent years there has been considerab.[e intéreét in the - N
me’;abolism of tryptophan in caﬁcef patients. ‘_I-iowever,. most bf these
studies have been done in patlents with cancer 6f the bladdef or |
breast (Rose, 1967; Yoshida, >Brown and Bryan, 1970; | Dégeorge and
“Brown, 1970; Géuam, Murphy et al, 1973; Fahl, Rose et al, 1974).
Furthefmore,'- no studies could be found in Which plasma 'free tryptophén

has been investigated in patlents suffering from malignant disease.

. It‘ seemved to be of particular interest to study the metabollsm of | 7'
this a'mlno acld in patients Wlth oesophageal cancer, since Its
concentfation in the plasma Is reduced markedly by a reduced food
intake and particular[y by a reduced protein Intake (Dickerson and

Pao, 1975).

This chapter describes the pattern of plasma free, and total

‘tryptophan and the ratio of free tryptophan to other plasma neutral



amlno acldsk in patlents undergoing surgery for hiatus herhia [, |

oésophageal cancer é_lnd lung canéer. Urinary excretofy levels of
S hydroxylndolacétic acld (SHIAA)_, the end .prod'uct' of the hydrbxy
‘Indole pathWay (Ff;g . 5.4-1) and fhe excretory leve.lé of Nl_—méthyl— :
nicotinamide (NMN), the end pr'oduct of thé kynure.ninne pathWay, |

- have also been investlgated in these pétlents.



TRYPTOPHAN - :
?‘k Tryptamine -—————

, , | _ ' - *Indolepyruvic a.ftid
- S-Hydroxytryptophan ' N-Férmylkynure}nlne ' .
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(Serotonin) '
SQHyHroxyindole~ 3~H¥droxykynu’re'nine S I '
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|
:

[] .
A \ :
Nicotinamide adenine

dinucleotide (NAD)

Fig. 5.l.- Catabollc'Pathways for tryptophan in man. The rpathway

from tryptophan to nicotinic acid and NAD represents the.

major degradative route.



5. RESULTS

The pre-operative concentrations of plésma total.tryptophan weré |
slmilar in cancer patierits and patien;s with hiatus hernia (Table 5.1) .
In all patients the level fell immediately after ovperatioh and whereaé_ _
in hiai:us hérnla an& oesophageal cancer pétienté it return_ed tké’the
‘ pre-‘-opexfatlve level b}‘r 7 and l4 days after operation respectively, it
failed to do so In patients with lung cancer and"remain'ed low throughbut '_

. the post-operative period. ..

The pre-operat'&e leve.lé of plasma free tryptophan (_Tablé 5;2)_ -
in cancer patleﬁts were significantly lower thén thbsé 'in pat.ién.t's‘ .A .
with hiatus hernia. In all patiénts the'le»vels showed a tendéncy‘t.o '
rise immediately after operation and since the total trypto_phan .
conceﬁtratlon was low at this time, the ratlo of free to total tryf)tophan‘ -
rose c.onsiderébly (Fig. 5.2). Furthermore, in patients with hiatus
hernla , but not in cancer patients, free tryptophan concentrations

lncfeésed cbnsiderably, between .7 and 14 days after operatlon.

The ratio of free tryptophan to other neutral amino acids (Tablé 5.2)
- in cancer patiénté tended to bé lower tha.m‘ those in hiatué hernia
patlents and on»the.fourteenth post-operative day the levels in cancer
patients wefe about 30% of those in hlatus hernia patients‘. The
- pre—operative urinary excretion of NMN was similar in cancér' batients o
~and iﬁ patients with htatus hernia (Table 5.3). After operation, thé‘
levels In canéer patienté remalined essenﬂally ‘uné.lterked bexcept for“'

a high value in lung cancer patients on the seventh post-operative



déy. On this day the excretioh in lung cancer patients wés slgnificahtly -
vhlgher than in the hiatus hernia patients whereas on the second ancviA :
fourteenth day the values in hiatus hernia patientsv were higﬁer. thae.
in lung cancer patlients. Pufthermore,' in hiatus hernla and lung
“cancer patlents, there was a bos}tive correlation between plasma
free trypto phan conceetratlens and the'ur;nary e#cretloh of NMN
(Fig. ‘5.3 and 5.4). :No such relatlonship was found in oesophageal -

cancer patients (Fig. 5.5).

'T.he'pre~o perative concentratlons' of urinary SHIAA in cancer
;eatients Were siightly higher thAan thoee iﬁ patients with hiatue hernia
. (Table 5.4) although the differences were not .statistically signlficant.
At 2 days after operation the level in oe-sophageal vcancer patients, but |
net in the vother two groups was higher th'an before operation and.
returned to the pre—operative value by 14 days after. Between 7 and
14 deyé after surgery, the levels in hiatus hernia patien;ce but not in
the cancer pafc.ients,' fell markedly and were slgnificantly lower than

those in cancer patients at the fourteenth day.
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Tryptophan ratlo '

Fig.

o3 Hiatus hern ia»

- S—— Oesophageal cancer

0.5c — Lung cancer
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0 - L / s B 1 1 . et
Before Immeédiately 2 . o 7 A - 14
operation after o o :
operatlon Tgme after operation .(days) :
5.2. Effect of operation onthe ratio of free tryptophan

- to total tryptophan In patient's with hlatus hernia,

oesophageal cancer and lung cancer.



. _.mo.ov d mumcgz,_, c?oam ejUIBY
snjeTy Yyyum sjuejied jo jeyl pue sjusiied JeOUED IOJ SeneA Usemiaq SeOULISIIIpP JO mocmogcmﬂm 1©211517018
,.S.o > d a1aym xx pue

500> d eIoym x UMOYS uoriesedo .Hmﬁmkvcm 91078q JO seNeA UsaMIa] SOOUSISIIIP JO 80URDIIIUBIS 1eDT1s1Ie]s

+ . - . . - . . - . , . - . . . @
ENH +,@m:§NN+Nm GZOJ(%N, (9) 6°0 - €% 19oURD Hung
(4 20 = 9°L (L) 8°0 u. S'v  (6)8°¢ ,L.ﬁ 88 (£) 80 7 €5 Ieoued jeabeydossQ

+¥(9) 972 1°eT (9) 6°0 $ 4e (88T -8y (6) 9°0 1 9%¢ RTUISY snijelH

vl , L ¢ uorjeisd O
(Aep) uotieredo Joige swy = -~ eiojeg . juatled
sesoyjuaied Ul UMOUYS Ssiusalled JO JequInp me z Upall m.ﬁmAmogm.\V

*IedueD HUN] pue JedUed jesbeydosseo fejuisy sniely _..HOM uojleiado

1e01bans Burobispun mucozma uy (8 UjuIleald m\msv SPTWRUTIODIUTAYIoW N JO UOJlaIoXe AIRUTIN) *¢£°C olqel

1



Urlne NMN (mg/g creatinlne) =

| Urine NMN'(fng/g cre‘-atlnlne)

25 p
20 L °
o . ro= 0. 0.05
s L | . r=0.45 p
B y = 0.36x + 2.17
. e ) . ’
10
-5
: )
o905
1 I 1 1 ] x
5 10 15 20 25
Plasma free tryptophan ( umole/1)
" Fig. 5.3. Variation of urine NMN with plasma free tryptophan
| m patients undergoing surgery for hiatus hernia.
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Flg. 5.4. Variation of urine NMN with plasma free tryptophan in

patients undergoing surgery for : lung. cancer.:..._v i
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- Fig. 5.5. Variatlon of urine NMN with plasma free tryptophan

in patients undergoing surgery for oeﬁsophageal cancer.
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3. DISCUSSION.

The pre—operat-ive concentration of p‘lasma'flree tryptophan but .

'no‘t that of total tryptophan was lower in cancer patlents than in
patients with hLatus hernia. Amongst the factors which affect the :
albumin—binding of tryptophan In plasma, Insulin hae been shown _to
| increase bindlng (Lipsett Madras Wartman and Munro, 1973).
However, In the present study the pre—operatwe levelsbof insulln

in cancer patients were comparable to those ln patients with hiatus
hernia and the low free tryptophan concentrations fonnd In these '_ '
patients Cou ld thus not be attribu_ted to insulin.. On the ‘othler hand ,.
lt has been shown that in }patients Wlth malignant tumonrs e greater
proportion of tryptophan is metabolised by way of the hydroxylnaole
pathway (SJoedsma We1ssbach and Udenfriend, 19 56) . On this |
'evxdence it is concexvable that in these patients more free tryptophan
is taken up by the tumour to be used for SHIAA synthesis. This
_posslbility is strengtt-ned by the finding that the nrinéry excretllon |
of SHIAA tended to be higher ln cancer patients than in patients with

" hiatus hernia.

As far as the effect of surgery on plas‘ma tryptophan is concerned,
the pr‘esent reshlts show that hnmediately afterbsurger‘y, tryptophan ‘ls
released from bind ing sites on a.lbnmln and_kthi's together with the
" reduction In total tryptophan at this time resulted in a marked riee

in the ratio of free to bound tryptophan. Studies by Curzon, Friedel



- - and Knott (.i973) In the rat and those by Curzon, Friedel et al,.(l974)‘ :
in man, have shown that plasma free fatty acids (FPA)‘re.duce t.he |
bihdlng affinity 6f albumin for trypto.phan, S0 that increases in .
_plasma FFA concentratiohs are accoméanied by a'risé in the fracitlon
of trypto.phan in thé free state. More reéent.ly Gventil,‘ Lader et al _

V -(1977) reported that subcutaneous injection of adrenal_lne.'mto normal .
subjécts caused large lrvlcreasevs of plasma FFA and_ free__’t':ryptophavn;. '

assoclated with a fall in the concentration of plasma total tryptophan.

In the tht of these obsewatiéné, it would appear that ‘the |
immediate post-o perlative changes ’of plasma trypto phan éfe the ) .
result of e.l'evated ieve.ls of plasma FFA céused by increased sécretioh
of cathecholamines. The possibllity that plasma FI.Z',A p.last éuch a
role lIs strengthened by the finding that low ,leve'.ls"of p_laéma total |
tryptophan observed immediately after sufgery were accompanlied by
higﬁ concentrations of plasma FFA (Fig. 5.6) and cathechvolaminve
secretions are ‘also knbwn to 'ihcrease after injury (Johnston, :L974)
The mechanisrﬁ by which plasma total tryptophan is lowered islyet to
be fouﬁd_, :‘CuArzon.an‘d Knott (1975) have suggested that fhe féll in-
plasma tqtal tryptophan caused by an increased level of plas'maiFPAv’
results from a .shift of thé néwly freed trypfophan into lhtracel‘lular |
, compartments other than thévbrain, becéuse rapid frahsient changés.
of plasma FFA which occur as a result of brief stress do not appéér'
‘to cause comparable brain'tryptophan vcha‘nges . Cbnsistent with this
view, the present results Show that the immedlate' post-operative

fall in the concentration of total tryptophan is also accompanied by
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high ,1evel: of blood glucose (Chapter‘ 4), and thvis_ may Suggesf that :
plasma tryptophan is taken up by the llver in the process Vof .
gluconeogenesis to be used for bglucosve' synﬁheéis. On'the éther .j _
hand, the finding'that’»in lung canCer_ patients 1:héT immeci iate pOSt;,
operative fa.ﬂ in plasma total tryptophan was not accorripénled‘ by.'

elevated blood glucose is not compatible with this view.

The ratio of plasma free tryptophah to. p.laéma neutral a’mino acvlds'
was lower In cance? patients than in patients vﬁth hiatﬁs .hernla.‘ It |
has béen shown that in the r-at there Is a direct ré.latiohship between
B} p.lasma free tfyptophan and the level of this a;hino acld in the :
’bréln'(Kriott and Curzon, 1972; Tagllamo'nte-, Biggio, Vargiu an.dv :
Gessa, .1973); It has also been repofted t_hét incfeased level
| of plasma tryptophan ls associated wlthlanv increas_ed fatv'e of sérotoﬁin |
synf:hesis in the brain (Fernstrum and Wuﬁman, .197.1).. Thesé workers
have also found that serotorﬂn Synthésis in the brain ié not co.nt'rolled’ '
by plasma fryptophan alone, but by thé ratio of this am ino’ac.id to
the sum of other plasma neutralmino acvldsbthat‘ compéte with it fbr
u ptake into the braln (Fernstrum and Wurtman, 1972). Bés.ed on t‘heseb
bbservations, it is therefore, tempfiri_g to suggest ’chat the caﬁce.rv
patients studléd in the presérit investigatlon had a .lbf/(r concentration
of éerotonih lnktheir 5ra1ns . 4Moreover,' in so far és the concentratiohs
of plasmé amlno acids fhat compete With tryptophan uptéke into the
brainbremained unchanged following surgery wh.ile that-of‘ try;ptopﬁan.
fell, this suggesfs that immediately after operafion the rate of
tryptopha‘n thaké by the 'braln falls and ‘that this .léads to deéreased

syntheslis of brain serotonin.



Between 7 dnd 14 daysafter. operation,the level 6f plasmé frée
tryptophan in i)atieﬁts with h;atus hernia, but not in cancer’_patlents,
rose considerably. This high‘ le\}ellof plasma trypfophan would appear -
to be the causev of the highurinary excretion of NMN observed in '
~ these patients von ’_che same day as there was é sighificant vpositlve
correlation between plasma free try’ptophah and uﬂnary excretion
of NMN in these ‘patients. S,omeb correlation waéa.léo fouhd in lung
céncer,pafients, but no borrelation could be fbuhd in Qeso'phageaﬂ

cancer patients.

In view of the fact t'nt under norrﬁal éircumsfances, tryptophan is :
mainly metébo,lised through the kynurenine. pathway l_éading to the: |
‘excretion of NMN and only a small pef:entage LS metabo.liséd through
the indolacetic acid pathwa'y, it app.ears‘ that whi‘le the pathway of
tryptophan metabolism remains unaltered in Hiatus herﬁia aﬁdv _luhg :
cancer patients,. it may be changed in patients with Oeséphagéal ‘cancer.'rk
Abnormal tr&ptophan metabolism avssociated wifh ;ncreaséd ’secfetk.)n of;.’
- a number of tryptophan intermediary metabolites‘h»as been reported in
patients bwith bladder cancer (Rose, _196‘7) . It has also been i’éported :
that the raté of urinary excretion of NMN was iower and that of SHIAA |
was highef in cahcer.patients as compa;ed with normal subjects (Basu,'
Rave‘n, Bates and Wiiliams, 1973). Rose (1967) suggestéd that the
increased levélé of tryptAophari metabolites‘Observed in patients with
bladder cancer was due to the induced activity Dfiﬁ -gldcorvonidase
which hydrolyses 3—hyd§oxyanthrénilic acid glucosiduron'at»e ih the“

urine. On the other hand, several enzymes of the kynurenine pathway



involved In theﬁ conver.sion" of tryptophan to NMN are pyridoxal
‘ phosphate dependent. Since patients with oe'sop'hagea.l cééncéf are
often malnourished és avresult of low food ’Lntake, if is’tempting fo
suggest that perhaps in these patlents the activities of enzymes
responsiblel forvthe‘conversion of tfyptophan to NMN are impaired

~ due to sub-normal intake of pyridoxine.



CHAPTER 6

URINARY EXCRETIONS OF CYCLIC NU CLEOTIDES IN PATIENTS

- UNDERGOING SURGERY



1. INTRODUCTION

Since the discovery of cyclic 3'5* adenosine monophosphate '
(cyclic AMP) by Sutherland, Rall et al in 19 58, many studies have
‘been undertaken to lnvesﬂgate its role .and biological s,ignificancé

- In cellular metabolism.

It was soon established that cyc_:.llc AMP acts és an ihtrace.llular
mediator for adrenaline and glucagon s,timulat;oh of Q.iycogenolysis E
in liver cells (Sutherland ahd Rall, 1960). Sinqe the‘vhb it has be.come
clear that cyclic AMP functlons as an intracellular mes.senger Which
communiéates thé stimuli of a great many horménes in mammalian avnd

non-mammalian animal tissues (Robison.. ot al, 1971).

Cyclic 3'5'-—guanoslné monophosphate (cycbl.ic. GMP)'wa.‘s _first |
identified in urine by Ashman and colleagues in 1963 followlng‘the
adm'miétratioﬁ of 32P inorganic phoéphate to rats. vUnlike c}c_:lic AMP ,
cyclic GMP waé notidentlfiéd és part of a hormone‘ stimulated »pathway, :
and when it was first discovefed, nothingv was known of its signlfic’abnce
in cellulér metabolism. HoweVér, in more recerntAyears cycllé GMP has )
bécome th'el subj'ect of considerable Interest as an alternétNe "rs;econd
messenger" to cyclic AMP for the ac_t.ion of somé hormones . There is
now evldence that cholinergic and o(—adrenergié stimulation andvthe
actvion of ceftain peptide hormones such as cholecysto‘}kinin, his_tam‘lne |
“and possibly insulin are mediated »b'y an increase in the iﬁtracellular'

level of cyclic GMP rather than of cyclic AMP (Nature, 1973) .



In an attempt to establis_h c.lihical appl_icatioﬁs for cﬁzclic
nucleotide analyses both cyclic AI\_/IP and cyc.lic GMP have been‘ _
measured. in physio logical fluids under’a variety of differentb =
patho logical ¢ondition.s . Cha'se," Melson and Aﬁrbaéh (1969)‘ were |
;che first to report an alteration in cyclic nucleotide metaboliérri ln.i ‘ |
humah disease. Patieﬁts with pseudohypoparath‘}-(roidisn; were found
to _havé Less than a four—fo Id increase in their urinary cYc.llc AMé |
excretion after the iniravenous administration of parathﬁold hormope .

~Normal subjects and patients with hyperpar'ath'yroidism all gave

responses which were greater than those of the pseudohypoparathyroidism -

group.

Urinary cyclic AMP excretion has been réported to be increased
in mania and decreased in depressive illness (Abdulla and Hva,madah,".» :

1970; Paul, Cramer and Goodwin, 1972).

Thev metabolism of cyclic nuclebtides m mélignanc’y has also béen—
investigated in recent yeérs. Criss and Murad '(1976)' héve repo_rtved én'
ihcreased urinary excretion of cycllc GMP in féts ‘bearing trans pvlant.able
liver and kidney tumours ,V and Neethling and Shan.ley:(1976.)vfound thai
thevexcretion of kcyclic» GMP in three patients with_‘primary hepatorﬁa -

was significantly higher than that in 24 normal subjects.

An increase in-the concentration of cyclic AMP in the plasma and
i in urine has been reported to follow injury. Thus Gill, Pmdhoe et al

(1975) in a study involving 7 general surglcal patiérits found a



~ consistent ri's;e In the levél- of plasma éyclic AMP dukrlng'opex;a_tion -
with the levels falling back a_imost to ndrmal:within silxbhours.

Ih anotherlstudy_ invol{rlng 150 patiénts with seve‘reia éCcidentavl:
traﬁma, Vitekvbet al (1976) observed ah~incre_ased ufinary te‘xcret'ilqnv s 3
of cyclic AMP during fhé first ?4 hours and .continuivng ‘fovr approximétéiy )
Sk days after injury; However, tb date no stu‘dy could be “fouiv'xd in the
'medlcal literature in which the urinary output ofv cyc.li;: GMP was’
investlgéted after ‘su.rg>ery. Such a study was undertake'n. durinlg‘ the». v

course of the work described in this Thesis. :
Patients and Methods

The patlents used in thls study were those déscribed in Chapter 2.

Urinary concentrations of cyclic AMP and cyclic GMP were‘
measured by Dr. Peter Wood of the Division of Chemical Pathology,

Southampton General Hospital, using a radio immunoéséay technique.



2. RESULTS

‘There waé no significant difference betweeh the. excretioﬁ of -
.,the éyclic nucleotides per g crea{:inine in the urine from the three
-.groups before surgery (Tab.les 6.1 énd 6 .2); After operation, the
cyc.li'c GMP .leve.ls showéd aAtendbency to be higher in the 'ca‘nvcer |
B pat'ieAnts_ thén in the hiatué hernla patients, although this trend oniy |
.' échieved statisticé.l vsignificance for oesé phageal cahcer patients
14 days aftér operation. Pobst-o perative cyclic AMP exdretioﬁs in
cancer patients w:ere not slgnificantly diffel;ent frdm thoée in
hiatus hefnia alfhough again there was a frend:t.owards h'lg'her '

levels in the oesophageal cancer group 2 and 14 days after surgery.

Wheh pre- and ﬁost-o peration cyclic nucleotide exCretiohs were
compared (Fig. 6.1), statisticlally‘sigﬁificant iﬁcréaseé were .obs‘erved
in fhe_ levels of cyclic GMP but not cyclic AMP iﬁ_both groups of
' cancer patienté on the second and seventh posf—opefétiveﬁvda.y. This
was in contrast to the lévels, In hiatus ﬁernia p'atiehts which showed

an only slight and not statistically significant rise on the same days. »
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3. DISCUSSION

The urinary excretion of cyqlic GMP in normal s‘ubjects'is of tﬁe
vorder- of 1 mol/day or 0.5 mo.l/gk creatinine, and vis abouf one fvi_fth of
_'the normal cyclic AMP outpuf (Steiner et al, 1972). | It has alSé beén o
»shéwn thét"in _a normal suf;jéct about one ha lf of ,the.‘basal urinary
cYclic AMP »excretlon Is derif;ed ﬁrom fhe glomerula_ir filtratlon of plééma
and the refnaindér is contributed mainly_by thé- proxlrﬁa.l nephron under

“the influence of PTH (Broadus et al, 1970) .

The results presented in this study showe‘d‘ that the raté 6f |
excr_etién of cyclic nuc.léotidés m all patients was within tﬁe nbrrha.l.
range pre-operatively, and the values found‘ln patients with tumours

of the oesophagus or lung were not different from those found in the
cont;o.l (hiatus hernia) group before sﬁfgery._ These findings fthus égree
‘wl’ch those df Bershtein et al (1976) Who répértéd ﬁo signiﬁéant, |

" differences In the excretion of cyclic AMP in patients Wifh breast or

'_ lung cancer and in éontrdl subjects. To date, there are no reports .;

in the .literature of cyclic AGMP évxcfeti‘o'n in ‘pa’cients with .lung" or.

’ oesophégeal tumours. In contrast to the report of inCréas-ed urlnary
cyclic GMP excretion in priinar? hepatoma patients (Neethling ax:xd-

‘ Shanley, 1976) the re‘suits of this investigation suggest. that the |
pres‘encel of oesophageal or lung cancer is not associated with altered

exzretion of cyclic nucleotides. -

The excretion of .cyclic GMP Increased after surgery and was highér



in patients with malignancy than in patients wfch non‘-mallignkavnt Vdisease. -
In v_iew of the fact that surgery for cancer of the oésophagus orv.lu'ng
invol‘ves pfocedureé ’that are more prolongéd and sevérveb than the .
operation for the repair of hiatus hernié', the higher cyclic ‘GMP |

output observed after sﬁrgery in cancer patients may.réflecf a gr'eatef |

| _ degree of sﬁrgical stress in these patienfs. ’fhis v“iew is re.infc‘»rced by 
the finding that on the seéond post-o pefatlve day the level of ._
lI-hydroxycorticosteroids in lung cancer patients w‘as s[gnlficaritly
“above the basai pre-operative value (Chapter 4). Hdweve; ,' plasma
,11-—hydroxycorfi¢o.stero.id levelé were not significantly increased In t‘he.e‘ |
Qésophageal cancer grbup on the secoﬁd' or sﬁbsequent days aft.'er |
operaflon. Gill et al (1975) reported that in one pat'i‘ent,‘pro lovriged‘
e.levatlon of cyclié AMP levels weré associa;te_d:v‘vvith a cbntinued elévatlon :

of plasma cortisol.

Vitek et al (1976) measured the excfetion bfgﬁfclic AMP dai.l}‘rb aftér o
surgery and found a rise on tﬁe first and fifth days bn,ly. It 'wvou.ld apbeaf,
therefore, that the excretioﬁ is Intermittent and thaf this may aécdﬁnt for
the fact that no such rise was found in the present study In Which _ |
measurements were made on ;daysb 2,7 and 14 afvt‘ér» suréery.'» The fact |
' thét cyclic GMP excretion was elevated on these .days indicates tﬁat the
post-operative excretion of this ~cyclic nucléotid‘é mayvbe moreb pro longed -

or may occur later, than rises in cyclic AMP excretion.



~ CHAPTER 7

" EFFECTS OF SURGERY ON PLASMA

PANGREATIC GLUCAGON



1. INTRODUCTION

G.lucaéon has a hyperg.lycaem}ic »action resu.ltiﬁg ;.prhnarily'
_ from stlmu.lation_of hepatic g‘lycogeﬁolysis.: In addi_tion,, studleé
‘with perfused liver have demonstratéd that g.lucagon élso.enhanc_:es:
- gluconeogenesis as indicated by Increased incorporatioﬁ of aininb '

~ acids into glucose (Garcia, et al, 1966),

Observations in intact man also support a glucogenic effect -
as evidenced by increased hepatic uptake of amino acids (Kibler,
Taylor and Mayers, 1964) and a fall in serum amino acid levels

“(Marliss et al., 1970).

The deve.lopment of a radioimm_uno assay technique for thé
measurement of p.lasﬁa pancreatic glucagon has made it possi‘b‘le
to study the g‘luc"agon re‘spoﬁse-to ’stress dge to .differeﬁt pai-:hological
condition., An 1ricreased p.lasrria level of glucagon hés been fepbrted'
in patieffts with bum iﬁjurievs' (Wilmore et al, 1974b) and in pathlents _

- with bone fracture (Meguid et al, 1973).

Plasma g.lucagovn changes in patients undergbing surgical operafion
“have ‘é.lso been studied. In this connection, Russell et al (1’975)
reported that p.iasma glucagoh rose during abdominal surgery., In
cdnfrast, Gliddings et ‘a.l (1975) studying a heterogenous group of
pafients undergoing different kinds of operation fbund no changé in
gl’ucagon conqentration during operation., The discrepancy between the

findings in these two studies seems to be related to the surgical



procedures involved. This view is‘ strengthened b} the findirig .in
the ear.lief part of fhe current studies (Chapter 4) that lo]vb'ectomy‘and | v
pneumonestomy uriliké oesophagectomy and desophagagéstrectorﬁy
did nét give rise to hyperg.lycaemiaVimmediately after surgéryo »I_t’
wés postﬁ.lated tha’; this difference in blood glucose ‘.respon»se to
Ao’perat’ion was related to the sﬁrgica.l pmcédure e’mplo.yved for .lung ,
v opérationé d iffef. from those of the oesophagus in that they do not
necessitate handling of the gastroint_estina.l fr_act :aﬁd vstimu.lation’

of the vagdus nerve which has been repoftéd to l.ead to hyper- ‘

‘glycaemia (Bloom et al, 1974);

- In .- order to examine this hypothesis the present study was
 undertaken and plasma glucagon respons‘e to surgery in the two
different groups of patients, namely oesophageal cancer and lung

cancer, was 'investigated .

Patients and Method

~ Eight kpatients, four with oé#ophagéa.l lcan‘c':er and fouf with lung
cancer, who Wefe admitted to the Milford Chest I;Iosbpita.l for surgical
treatrrient were sfudiéd for 14 da.ys.v Clinical détails of the patienfs
studied are presented in Table 7.1‘. The ﬂming and inte‘rva‘ls of the
blood sample coi.lectioh were the same as describ%ad earlier in this
‘thesis (Chabter 2.) ,‘ To avoid the degredation of gluc‘:agori” blood (10 ml)
was drawn into the heparinized tube, in_to which 0.5 ml ofvtrasylol,

a proteinase Inhibitor, had been added. Plasma was quickly separated |
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by centrifugation in 4°C and kept frozen until analysed. The
glucagon determinations were done by Mr. D. Rsiolakis of the
Biochemistry Department, Unlversity of Surrey, using a radio-

immunoassay technique,



2. RESULTS

There waé no significant diffé_rence in the canenfration of
plasma glucagon between patients with 'oesophageé.l‘ cancér and
fhose with lung cancer before surgery (Tabie '7.2‘) . ;Ihé' g.lﬁcagon
.levé.l rose significantly in oesophageal cancer pati_ehts immediate.iy :
‘after operaﬂon and was still e.lévated on the second day. The mean
level on the seven_th aﬁd foufteenth p.ost-opérafiv'e d-ay‘s _in: oé‘sophagea.l
| qancer patients were less than the mean basal .le\vrftel ¢ though the |
differenceé were not statisticva‘lly significaht. " The ieve‘.l of plavsm‘a
g.lucagbon‘ in the ..luﬁg qaricer patients did not rise immediately after '
| surgery and in fact, the post-operative levels ten'ded. again to be “less. B

. than the mean basal value.
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3. DISCUSSION

After an overnight fa'st: the normal levels of plasma paﬁcreatic
.g.lucago'n as measured by radioimmunoassay hévé been reported to |
vary from 100 pg/ml; (Unvger», 1971) to 250 pg/m.L (Heding; 19f,l),
ﬁsing thesé Valués; it wdu.ldv appear that tumours _bf oesOphagus ’A

or lung are probably not associated with hyperglucagonaemia.

The pbsérvation that lung bperations did'.n»ot lead té an _'Lrnmediate
rise in plasma glucagon prox}ides dir‘ect’ évidence in sup’port of the
‘suggestion made earlier in this thesis (Chaptér»4), thét the fatlure
of plasma glucose and glucogenic amino acid to change ‘after surgery
~in lung cancef patienfs might be because the vagus nerve sfﬁnulation
| of.'which' produces hyperg.luca’gonaemi.a. is not handled durin"é the
~operation. ‘I\/‘Ioreover, the present study which indicates that different
surgical procedures cén héve a different effect on plasma glucagon,.
would seem to explain_the»discrepancy between the findings‘of Russe.i.l |
et a.lA (1975) who found hyperg.lucagonaem{a in pétients undergoing.
abdominal surgery and those vof Giddings et a.l ,(1975)‘7 Who failed to R
find hyperglucagonaerﬁia dufing different kinds of surgery. Stlmkul‘a»t}ion v
of the vagus nerve does not, however, provide a reason why pétieﬁts

with fractures and thermal injuries develop hyperglucagonaemia. It

would seem that In these patients another factor is responsible.

The observation that the mean level of plasma glucagon on the A

seventh and fourteenth post-operative day was less than the mean



basa,l. level in the both gi‘oups of patients; aré. iﬁ agreefnent x&ith _
the“finding of Russell (1975) who also found_ .iower g.lucégon level
on the eighthpost-operative day than the mean basal level. Theée
workers have suggested the_ appvrehenksio.n before the opefation :

raises the plasma glucagon level.



CHAPTER 8
EFFECTS OF POST-OPERATIVE PARENTERAL NUTRITION =

ON THE LEVELS OF PLASMA PROTEINS AND AMINO AGIDS



1. INTRODUCTION

Changes in the metabolism of plasma protein _and a‘mino aclds
fo.llowing surgical operation haveu been discussed in the precédlngl
chapters‘. Ther results indicated that the .l'eAvels of plvasma prote1n>
and of some free amino racids fall immediate-ly‘a‘fter opefations such
as oes’op.haéec':tvomy, oesophago-@astre.ctomy or thqse employed for
the treatment of hiatus hernia. While the exact mechanism by which plasma
amino :.aC‘ldllevélsT;fg?LL aftef operation is not -]‘{r‘mw-n-, there is nové "
strohg evidence which suggests that malnu’f;ri‘tion plays an'_limportant _

role In causing the hypoalbaminaemia observed after surgery.

In general, the average patient wi‘ll bé able to take food and
_fluid orally in one tovthree' days aftef operation. However, for some
surg‘ica_l pat_ients such as those operated upon for the refnova.l éf
cémcer of the oesophagus, a longer time Is required for the resumpfion
of nofmal oral feeding. Under these clrcumstancéé , therefore', it

might become necessary to feed the patient intravenously.

A déll‘y infake_of about 0.5g/Kg bodyr weight (35g for 70Kg’man)b
is adéquate for an active healthy adult provided his calorie intake Is
édéquaie . In the presence of infection énd'trauma there 1Is an increased
breakdown of protein within the body associated With elevated urinary
nitrogen éxcretlon, and unless the extra pfotéin and calorie Is made |

available to the patient, catabolism of body protein occurs.



-~ Dudrick and Rhoads (1972) have estimated that after trauma
en adult requires 40 tp 7_0 K cal. per Kg body weight_ (2,800.to 4,900 K |
cal. for a 70 Kg man). These needs cannot be met by-theS.% dextrose |
“very often given as the sole hutrition\al subport post—op’erative.ly.;
' Eéch 1000 m! of 5 per cen_t dextrose provides 200 K‘.cal. and ofl thisv‘
3 basis 14 l'bitr.es of dextrose so.lution would be required te meet the :
minimum requvirement. Indeed in manﬁf med_ical circvzums:t.ances the
| infu_sion of such large amounts.of fluid would be contrainelicated .
A possible alternative has been the provision of'r'nor'e coneentrated |
Avso.lutibhs which are marked'ly hypertoni‘c.and which.almost inevifably
give rise to phlebiti.sAand/or thrombosis of beripher.al.-veins (Allen a’nd
v’ Lea, 1969) . However, over the past recenf yeafs, Qrea’e adv‘ancesv
have been achieved in the introduetion of new 'mfravenous solutions‘
| and ‘techniques of their administration which has made it possible
“to employ vcomplete parenteral nutrition for a re.latiVely long tir;ne';an‘d -
with mlhimum risk io the patients health. ‘Asv Lea (1.974) has pointed
out, there is now ample evidence of the feasibility and value_of_
pare_ntera.l nutrition in the management of ba Wide _-rvange of upper
gastro.-—lntesltlna.l disbr_ders with an improvement in nitrogeh ba‘_lance |

and a reductlon in post-operative complication.

Nevertheless, In spité of these observatiqns and clinical e;\ridence-
1ndieatlng beneficial effects of parenteral nutrition in the pract.ice of -
surgery, admlnistration of 5 per cent solution of glucoée aione ,' whichv
from the hutritional polint of vviev;r is tpfally 'madequate, contiﬁtjes to.

"~ be widely used (Lee, 1974). Mofeover, in contrast to the well



 documented effects of Intravenous nutrition preparation on nitrogen
balance, to date, little is known about possible effects on the post-

' operative pattern of plasma free amino acids.

Thé aim of present study was to ih\}estigafe >the eff'ects of bost—
_ obérativbe parentéral nutfition on the ‘leve[s‘v of p_laéma pfoteiné, amino
. acids, iﬁcluaing'freé tryptophan (not bound 1V:'o the serum albumin) and
urinary excretion of total nitrogeh in patients treated surgically for

carcinoma of the oesophagus.

Patients and Methods

It was oricjihally planned to monitor the vp‘lasma léve.ls of albumin,
globulin and amino acids for 14 dayé in 8 patients ulndergoing surgery
~ for carcinoma of the oesophagus and four of them were to. feceive
parenteral nutrition for 5 days post-operatlvély é'nd fpur to act as
‘contirols"w'.ith no pést-o perative péfenteral ndtrltion. Howevér, after
~ collection of 40 blood and 16 urine spec'nhens ‘from 8 patients over a
period ‘éf 4 months It was realised that out of fhe éight patients studied,'
only one had recelved cbmp.leté parenteral nutrition for‘ five days |
v commenc'mg immediately after éperation. The others had re‘ceiv’ed
e.ither ﬁo post-operative nutrition at all or had ,be'en given parenteral
nutrition for énly one day between 1 to 4 days after 'surgery{ Because of
these difficulties the results obtained from the patlent‘bin whom complete
‘parentera.l nu.tritlon had been administered for 5 consecutive post-operative
dayé and those of another patient who had received parenteral nﬁtrltion A

only on the second poét-operative day, were ana.lyse'd and compared'Wlth



those obtainédv.from another patient undergoing a similar type of
‘operatio_n who héd rece ived no parehteral nutrition throughout the :
study. Clinical‘ details of the three pati‘e'nts studiéd are set out in
Table 8.1 '.v One fema.lé (Tw) undergoihg oesophago-’gastre.ct'omy and. -
two ma.les (GB and AC) ugdergoing o‘e‘so phageétomy Wére studied . |

- Table 8.2 shows thé_amou'nts and composition of the intravenous

' pfeparations used. These were glv_en to LW dn the s_eéqnd day and'. -

to AC In each of the first five days after surgery.

~ Analytical techniques used for the measurement of plasma protein,
amlno acids and.urinary excretion of total~nitrogen were those described h

in Chapter 2



2. RESULTS

‘ TheAplasma albumin concehtration (Table 8.3)‘ in kpatievant GB ‘
'bw'ho received no post-operative 1‘ntravenou's nutrition a_nd also In
» pa_tient LW who had parenteral'nutrltion- ori the second post-operative
day on‘ly,.fe[l folloWing surgery and in bbth patien.tév was iowér
14 daﬁfs'aftér oper'ationv than befofe o peraf:io_n. In cohtrast, th‘e -
‘pl.ésma albumin level in’bpativen"c AC who had receivéd fint‘fa\'renousv
. hutrition for five ‘post—operative days‘rose from bl .7 g/lOO ml
p:e—operativ.e.ly to 4.1 g/l OOVm.l by 14 days after ksufg'ery'. | The |
plasma globulin concentrations were com pafable in all three pétiénts»

and were sllghtly raised on the 14th post—éperative day (Trable 8.4). o

The plasma free amino acid.concentrations' (Ta.lblé‘ 8 S) in the ‘.
patiéﬁt vwith no ﬁost-operative intraVenous nutrltion: (GB)‘anc_l in .the
patient who had received paréntera.l nutrition only on th‘e second’
?ost-bberafive day (LW), fell after operation and the ‘pattern' of chéngé
was essentially similar to that described éarlier_ (Chapter 3):. 'On.the '
other hand, fhe post-operatlve p.lasmé amino acid_ c‘h.anges. in ~patient-
. (AC) who received parenteral nutrition for 5 days,vshov‘ved a patter'nb
which was differenfc from that observed in the other two éatlents . o
Thev levels of all the -am[no acids shown rose immediately aftér
dperation and remained raised unfil the 7th post-operative day; By
14 days a'fter surgery, the coﬁcentrations of alanihe., é.rgin.ine, Ieucline‘
and valine had fallen bé.lbw the basal pre-operative le\}els, »while_
those of glutamine, glycine, histidine, isoleucine, tyrosine and

phenylalanine were higher than their basal va_luie . Plasma total



tryptophan concentration (Table 8.6) fe‘ll- in each patieh‘t.'immediately
after eurgery, though a.gvain the fall in patient »AC was muChvless tﬁan
: that in the other two patienﬁs‘. 'Moreoveli, while the level iﬁ

_ 'patient. AC was elevated on days 2, 7 and 14 after .surg.ery, Athey v
were depressed in the other two patients-on the same days. Plasma
free tryptophan (Iab.le 8.6) cencentrétion rose in all three patients
-ifnmediately after surgery and were higher than the pre-operative

value throughout the post-operative period.

Preéo perative level of urinery total nitrogen' exereflon (F lé . 8 1) , ’
- was higher in patient AC than m theother two ‘patients. The 1e.vel$
in GB and ‘LW rose on the second post-operétive day and,tﬁe rise
~was greater ILn fhe patient. (GB) who feceived ho in.’cravenous} hutritidn
" at the time. 'There was little change in the excretion of »nitrvogen‘by
patient AC who received intra\}enous nutrition for 5 deys . Of the
two patients receivihg'intravenous nutritioh, Lw developed a sma,ll"
_ppsitive crude nltregen balance (+ 0 .7g). and .‘the other, AC had a
negllgib.le negative bajlance (—Ov.44vS’.g) . These res;u‘lt's were in |

_ - v ,
contrast to those in patient. GB who received‘no intravenvouAs nutfition o

and who had a large negative balance ( 16.7g).
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- Plasma concentrations of free amino acids in three patients
undergoing oesophagectomy or oesophago—gastrectomy with

. or without post-operative parenteral nutrition

Amino acid Patient Before - Immediately After operation (days)
M - - operation - after ‘ R
' : ’ - operation = 2 7 14
 Glutamine . GB . 778 581 520 655 - 425
_ LW 625 . 325 250 . 270 - 260
AC 306 . 676 . 262 550 - 533
Glycine © GB 305 o7 106 229 106
- e Lw 225 125 8& 140 200 -
~ AC 96 233 153 . 159 201 .
Alanine . GB 433 346 - yo9 F' 387 128
o LW 200 112 6y ~ 100, - 120
AC 191 - 375 370 188 - 183 -
Arginine GB 58 % 55 535 no
: LW ' 72 o 56 o 28 . 32 R 35
AC 70 .80 10 - 86 .67 -
Histidine GB 129 . ‘ 93 - 112 ‘89 v 7k
' LW 65 : 58 . k0 L 53 5k
AC 51 : 89 , 118~ 60 61
Isoleucine GB 77 64 T
Lw 32 2y T 56 58
_ AC 38 134 - 332 107 49
Leucine GB 179 133 | 89 119 | 119
Lw . 100 48 - 56 92 110
AC 97 . 232 - 549 180 . 82
- Valine - GB 339 180 . 149 204 140
, Lw 78 - 108 -9 - 1000 85
AC 128 283 345 202 122
Tyros'iné GB 80 - 48 68 ' 89 k3
LW 40 .20 - Ao 46 - 43
' AC 38 : 62 67 b4 56
Phenylalanimm GB- 60 | 58 = 68 . 53 40
' -~ Lw - 36 20 50 42 48
"AC - 38 80 189 85 60

Patient GB received no parenteral nutrition thfoughout the study,
patient LW received parenteral nutrition on day 2 only and patient
- AC received parenteral nutrition on days | to 5. ‘
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~ Nitrogen excretlion (g/day) '

4

10 F

o | . ] { Before o'peratlon
’ | - % -2 days after operation
18 S

6 L

12

\\

. GB L

AC***

. Fig. 8.1. Urinary 'excrei_:ion of total-nitrogen in three patients undergo ing

 surgery for the carcinoma of oesophagus.
* Received no parenteral nutrition throughout the study

*%* Received parenteral nutrition on day 2 only

. ***Recelved parenteral nutrition on days l to 5.



3. DISCUSSION

This study has shqwn that a daily intravenous administration
of 0.26 g N and 69 K cal/Kg body welght for two cons'e’cutivevdays
, immediate.ly after surgery to a 66 year old male patient (AC) almost
he.ld the urinéry ‘nitrogen .lbsses at 2 days after surgery.to the
" pre—operative level (11,20 g and 11 .96 g N, before a.nd 2 da.y_s éfter_ v
.operai':ion respectively). Considering that'on theb second .daybof |
,voperati'on he received é total amount of_ll .‘52 g N 1ﬁtraveﬁoqs.1y it
. ind'icat.ed that the crude negativé nitrogen ba,laﬁce 'Vforvthat day was
‘on.ly -0.44qg, whlch might be considered‘neg‘llgibleo 'On the other’
hand in a:.57 year old feina.le' patient.(LW) who had recéivéd 11 .59 N.
on the second post—-opérat.lve day, orﬁy thé .leve.‘l of ﬁrinary nitrqg.en '
excretlon was higher thah before (6.0g and 10,8g, before and 2 days
after operation respectively), the crude bvalanée of ﬁltrogen was
" slightly positive (11.5 - 1‘0.8 =+ 0,7g). These post-operaiive
- levels of urinary nitrogen excretion were much .loWer thén‘that '
observed in anofhér patient (GB) on whom ka sim;.lar obefation had
been performbed and to whom no intravenous nutrition had been
admlinistered. The leve‘.l of uﬂnary nitrogen excfetlon was gréatjly
_ir-lcreas'ed after operation (from 6.8g/day pre—opefative.ly to 16.7g
on the second post-operétlve day) . Although this patient was younger
- than elither of the other tWo pa‘tlents, and therefore his higher résponse |

- to operation could be partiy attributed to the age difference, still



these results In general suggest thét post-operative parentezjal

nutrition reduces the eXcessi\}e losses of nitrogen. Reduct;on in

the ioos.t-—operative loss of nitrogen has also béeh ;eported by 6ther
workefs. Thus, Johnston et al (1966) .gave 0;18g N and 45 K ca.l/Kg

body weight daily, i;itravenquly, to é'group of ‘5.rkna1ek» patients and
found that .losses of nitrogen were greatly _reduced immediately after -
vsm.x‘rgery although they Were not Vabo.lishedv. No increa'sé in t‘hebl |

" urinary nitrogen excretiori was observed In this study. A _

The present st.udy has a.lsb 1nciica;ed that in é patient who had
a low plasma a.lbumin concentration pre-bperati\fe.ly intravenoug ~
feediné of high caloﬂe and ni‘;rogen preparafiohs resulted In a x;ise.v
in the plaéma albumin concentration (from 1 °7g¥/100 m!l before operétbﬁ
to 4..1g/‘10.0 ml‘by 14 days after surgery); This finding is coﬁsistent _
with thaf of Allen and Lea (1969) commenting that m hypoalbuminaem lc’
patieﬁfs . parenteral nutrition was followed by a rise ih fhe serﬁm
é.lbumin b.level. It is, hoWever, intere‘sting to note that animal experiments’
havé shown that intravenous infusion of casein hydro.lysé;ce and fat |
ému‘lsion are followed by a rédﬁction In serum a.lbumiﬁ‘. For example V
| Holm (19.62)'studied plasma protein levels in dogsr aftér the adminlstration
of a caseln hydrolysate and found that when It wasv glven 1ntravehously,-
"~ there was a substantlai reduction in the albumin c;oncentration, wltﬁ an -
equlvalent rise In the globulln concentration. Such a response
- could have been partly due to infection. Similarly, Sing.leton,
Benerito et a_l; (1960) found that in the dogs, ad.mini'str'atioﬁ of cotfon-

seed oll was followed by a reduction in the level of plasma albumin.



However, 1h both the experlments cited above, normal'animals were
iused and to date, there is no report of the effect‘of | barentera.l'
-nutrition o‘n plasma protéin in animals with ,low vp.las‘ma bfotein \}a.lues.,
With regard to the human studies, apart frorﬁ Vt-he observat.ions by
Allen and Leak(l 969). to which reference ha;n; been rh.ade, in the
‘numerous publicatiohs on the effects of éarentefa.l nutrition, no |

specific mention 15 made of the changes in serum proteins.

A M,ea’sﬁrement éf pla'sma free _am(in_o» acids cohcentrai:ions befofe
and after surgexl'yA in patients receiving’ parenteral nut:ition iridicafeci
that 1nfusionb of :amino acid and fat 'solutions not on.ly prevented ihé
- »fal.l. in plasma amino aCid concentrations after operation, but é.lso

- raised the levels of the amino adids, and the concentrations of

piasma g.lutamine,,_' glycine, histidine, 1so.leucinle‘vr tyfosiné and
pheny.la.lamin.e remained elevated even nine days after thé intravenous
nutrition had Been stopped . Thesé findinés are in general agreement. |
with those recently reportéd by Furst et al (197 é), whb ‘showed that . B
post-bperative parenteral nutritioﬁ in patients With colon carCinéma _
resulted in é'rise in the levels of amino ‘acids in the plasma, |
Moreover, in the pre>sent study it was found that po_st—-operativeyv. :
parenteral nutrition caused a rise in the concentration of free
tryptophan in thé plasma. No such finding has pr‘,evious.lyb b_ee_n
reported. However, the present study which‘ showed that raised levels
of plasma amlinvo'» aclids were accompanled by a rise in‘the coﬁcent'ration :
of plasma albumin, would probably suggest that the fall in t’heﬂ

concentration of plasma amino acids which occurs after operation is



undesirable and could be prevented by intravenous feeding of amino

" acld preparations.



CHAPTER 9

GENERAL DISCUSSION AND CONCLUSIONS



(i) Metabolic effects of tumours

A considerable amount of infprmaﬁionh@sie&accumulated over
the 'past. thirty years which indicate fhat the présence bofv a tumouf'
- profoundly affects the metabolism of the host. Avsignificant Vnumb'ers A
~of pafients vﬂth various cancers suffér frnﬁm the cvachexié syndrome
which is associated with weaknesé, anaemié, loss of body ‘fat and
protein (Calman, 1977). Thére is ‘also aﬁ incre-a.s'ed metabolicA rate
(Théologides,1972) and energy requiremenf, Which_hés been suggested ‘
~ that ih thé face of anorexia and reduced food intake ,' ‘this' éppears to
be a factor in tﬁe weight loss observed so fré_ciuently'in fhese patients
(Shils, 1976). However, s‘ome patients with active di»sea‘se .who are
"losing weight have been found to be in nitrogen equilibrium’ oi; even
in boéitfve nitrogen balance. dn this evidence, Wiseman and »Gh»adially v
(1958) pdstulated that the ebnhanced ability of the rieoplasﬂc cell to ~
concentrate amino acids causes a continued déprivation of’ th‘e cells -
of the tissues of the host of fhe precursors of their' pfoteins , @as a
‘ resuit of which these nornial'cells eventually suffer a lack -of one or
- more esSentiél amino acids,‘ protein synthesis ceaseé,» and tissue -
brétéin breakdown occurs .‘ An alternative mechanism is that the
tumour, by producing low molecular weight me.t‘abolites ‘changes thé
activity of the enzymes involved in the usual biochemical react‘ionsv
’ ‘ahd increases the metabolic activity in the host. Thié increaséd
metabolic activity results Iin af_; increased energy éxpenditure and the

release of intermediate metabolites then enter the metabolic pool



of th2 host and are trapped and usedprimarily by the tumour which

is geared mainly to growth (Theologides, 1977).

Further studies with isotqpically labeled amino.;acids in

' 'expérimental animals ha{ze demonstr_atéd the marked capacity of
tumour tissue for protein synthesis and the amino acids tend to

siay ih the tuméur in confra st to their turnover in certain} nozfrnal
tissués (Henderson and Lepage, 1959). These obs’ervatiohs have
given ri‘se to the concept of the tumour as a "nitrogen trap", in
‘other words, incorporation of amino acid into.tumour'is essential.ly ‘

a one-way passage from metabolic pool to the tumour (Mider, 1951).

i The nitrogenous con‘stitu‘entsvof blood have been investigated
in the tumour—bearing host. If; this con'nec'ti'onv, Bébéon (1954)
found a progre'ssivev rise in the level of nitrogen in the blbod of
tu&xour-bearing. animals throughout the period of t.urho'u.r growth.
Similérly Wu and Bauer (1960) reported that large .1n.c.reases in blood
amino acid concentratio‘n accompanied fumour grOWth and the magni_tude
of the 'Lricfeabse was.dependent upon the size of the tumbur. OnAth‘e
other hand, in anbther investlgétion iﬁ wﬁich plasma am.i’no 'ac.ids.
were studied in patié;ts with chronic lukaem‘;a, Rouser et al (1962)
using a paper chromatography technique, found that apart from é

distinct elevation of'plasma glutamic. acid concentration the levels

of other amino acid determines were normal.

In the current inve‘stigatlon the levels of plasma amino acids |



- (Tables 3.4 and 3 .S) were studied in two groups of cancer patients,'
namely ‘th>osé with oesophageal and lung .ca'ncer before and after
surgery by the standard method'v on ibn exchange chrofri,atog’raphf B
ahd they wefe compared with those ok;ta ined in aﬁother gmu_p of
‘patients Who were treated for a noh—malignant 'disea se of the

4 oesophagus., hiatus‘ ‘he}mia. The r.ésulfs 'LndiC.af.e‘d .that béfqre surgery; o
of all amino ééids studied, the levels of alaniné and arg‘i_nivne m
patienté with lung éancer and of frree tryptophan (thve frgction nobt .
bo-und to serum élbumkin)j in both groups of can¢ef 'patiehts (Table" 5
showed a tendency to be lower tha;i in patients with hiéfus hernia.
The importance of these findings is nbt known at this sfage .‘ However,
in so far as plasma free tryptophan has some flole. in .cbntrplling the
level of brain tryptophan and the synthesis‘of the néurot;ansfnitter, :
servotonin which 'in turn is believed to play a major royl_e. in
chtrolling behavioﬁr it is possible to suggest'thatA the [‘ow frée_

tryptophan in cancer patients might bring about behavioura[ changes.

The early studies by Mider et al (1950) on thve' effect of mal‘ignant
tumours of d»iffrerent_ kinds in plaéma p:otein, showed that the general
trend was é fall in plasma albumin combined with a rise in the
gloﬁulin fract.ion . Consisteht with these ‘obse‘rvatvio_ns, in the current
investigations it was found that the mean level of vp[asr.na"albumin ih |

“both groups of cancer patients was .low (Table ‘3 .1{,; 3 .2 and,k3 .3) as

compared with the suggested value for normal subjects (Jelliffe, ‘1966) .



The exact mechanism by which malignanf tumeurs lo‘w‘er plasma-
pfoteins is not known. However, it has been sﬁown that tufnours can
‘use Vpla‘lsma albumin to a greater extent than normal tissues (Goodléd', .
1964). Furthermore, studies by Allison; Wannemacher, Parmer‘and
- Gomez (1961) whichv indicafed that the fall id serum albufnin observed
in rate bearing the 'Waiker_ 256v earelnor'na could be prevented by
feeding diets of high protein content, would 'p-rok.)ably suégeet that
the minimurﬁ protein requiremeht is increased i_n>ma’lignancy. On.
'the other hand, wﬁen a maiignant tumoer is present ‘in the upper
| part’ of gastroin’te stinal tract, low plasma elbumin ‘couvld cievelop
’.from’ rﬁalnufritioe associated with impaired fooci intake seeondary
to obstruction. Indeed, the obserx)ationthe%t pla.“sma elbumih wae .
lower‘iri patie'nts with Qesophageai caneer than ie lurig cancer
patients (Table 3.1) underlines the contribution of _malnu'trition to
the low selrum albumin observed in theee iaafients'. Pretein—losingA
enfropathy hes also been implicated as a contributory factor to -
h?poalburﬁ inaemia observed in patients with tumours ef the gastro- |

intestinal tract (Waldman et al, 1977).

As'fa’r'é’"s the effecf of a tumour sn-éh‘e urmary pattemof nitrogen— |
containing constituents is concernedb, it is generally.believed thaj: ,
the tota[ urinary nitrogen in the iumour—bearieg subject Vo:r'animal is”
not increased and may evee be decreased due to the action of the
 tumour in reteinlng nitrogen (Goodlad, 1964). It has also' been

reported that the rate of excretion of ammonia, urea, creatinine and



creatin nitrogen remained unchanged during tumour growth in.

rats bearing the Jensen Sarcoma(Bach énd Maw; 1953); In the

current investigation also, there Was no significant differenc.e in

" the total nitrogen and urea nitrogen excretion between éancer
patients and pat'ien.ts Wiih hiétus-hernla before surgery (fig,. 3'.3) S

- Moreover, the obéer\}ariOh that before surg“;ery., patients with 7' .
oesophageal cancer, and not‘ those with lung cancer, excretéd more .
amino .nitrogén per Kg. body_wei-ghtb in their urine than hiatus :
hernia patients (Fig. 3.4) indicates , that while total nitrogen
exdtetion in the urine rs not affected by the presence of txjrrrour
(Goori land, 1964), excretion of amino nitrogen can be increaseri m |
qertairr types of malignancy.. .The findirrg that befr)re r)vperation
cancer pétients exéreted more creatinine nitrogen per Kg} body
weight than patienté With"hiatus hernia c‘ould, in fact, bbe-

attributed t‘o a sex difference rather than tQ thé presence of a
tumour -for»the majority of patients with hiatus hérn;a wére femaleé

whereas the majority of those with cancer were males.

Carbohydrate métabolism has been studied in cancer patients.
In this cohnection Glicksman and Rawson (1956) were amonést thé-.
first to réport a high irlcidence (37%) of abnormal GTT in cancer |
pati,ents_compared with an incidence of 9% in pétients with benlgn
diseases. ' Later work by Marks and Bishop (19'57) uéing lrrtravenous
GTT indicated a decreased fractional rate of glucose disappearance
in cancer pati'ents despit‘e normal fa stfrng blood sﬁéar. Mére recently

Brennarl and Goodgame (1977) have reported that of s‘ix -patients'



- suffering from different kinds of malignancy, two had an abnormal

GTT. Conversely, Waterhouse and Kemperman (1971) using v14C
glucose were unable to find any decrease in glucose utilization

'in fasting cancer patients..

N In ther present study, there:was no apparent dif’ferencek in. the
level of 'b‘lood glucose betWéen oesophageal or luﬁé cancer 'patiéntsr
~and pétients with hiatus hérnia‘ (Table 4.1). However., the megh -
“level of .plasma insulin in lung cancer patients tended fdbe higher_
‘than that in the other two groups v(Table' 4.2). This tendency towardsv
an elévation of blasma binsulin in patients With .luné cahcer is in | A
- agreement with the finding of Laurence and Neville (1976.) who
commented that occasvion_ally, bronchial carc 'mb_ids anc.i_ca.rc i}nomas _

synthesise and release insulin.

. ll—Hﬁ/droxycorticosteroids are closely_associated with carbohydrate
metébolism and carcinomas are likely to pfodﬁcé lafge amounts of
in;cennediates in‘the biosynfhesis of cortisol ‘(Bondy, ‘,1974) . In the |
present study, ii was found that the pre-operative fast’mg' levvelsA of
plasma ll—hydroxycort'Lcoste‘roidsb in cancer patients were nbt
significantly differént from those in patients wifh hiatus hernia (Table
4.3). Moreover, the levels in all p.atients‘were withih the normal
range of 6.5 - 26.3 g per 100 ml plasma réported by Chatt;)raj (1976). -
" There are no reports in the literature of plasfna ll;hydroxycorficolsteroids
concentration 'in patilents‘s with oesophageal tumours or hiatus hernia. ‘ |
The findings of normal ll—hydrox?cortico steroids in lung cancef

patients was perhaps surprising in view of the fact that many



extra-pltuitary tumours, espeéially those of the lung sometimes

produce large amounts of ACTH (Laurence and Neville, 1976).

The pre—éperaﬂve levels of plasma FFA were sifnilar in cancer
pat‘ients to those in patients with hiatus hernia (Table.4.b4), but thé
; rafe of exCretién of urinafy ketone bodies‘was higher in o'esovp'hageal' - '

: canéer patients than in patients with hiatus hernia. i—Iowéver; since -
the rate of excretion in.llung caﬁcer patients wés cbom‘p‘arable'to that :
' 'in_ hiatus hernia patients, the é.leva"téd level of 'e.xcretion of ketohe
bodies m patients with oesophageal cancer was prbbably re late.d to
malnutritionrather than to é direct effect of the maligﬁant tumbur as -
' these patiehts ére freqi.xently'malnour';s’hed. andr it 'is khown that

starvation leads to a'high . production of ketone bodies (Foster, 1967).

- The urlnary excretion of SI-IIAA and NMN, fwo énd bpr‘o‘duc‘:ts of
tryptophén metabolism hés been investigated 'in cancef patients.‘. The -
urinary level of SHIAA is considerably 'mcreasved in patients with the |
carcinoid syndrome. Boy.lénd', Gasson and Wi.l.iiarﬁs (1956) reported“
that the ﬁrinary excrétion of SHIAA ahd serotomin (S‘HTP) in ;ﬁétients
with gancer of larynx and bronchus was lower than thafc in the patients
with thé carclnoid syndrome but higher fhan in éancer—free pétients
More recently Basu et al (1973) in a _stt;tdy' involving 58 patients with
advanéed cancer of dlfferént types énd at different sites, found an
3 incvre'a'sed urinafy excrétion of SHIAA with a decreased level of_ NMN
.

relative to the corresponding values found in normal healthy subjects

“or patients withbenign diseases. Conversely, Levine (1974) has



: ‘COﬂC‘lLvlded that apart from the cacinoid syndrome iﬁ which urinary
excretion of SHIAA is considerably increasea; othér ty‘;‘)es of
malignancy do_not-uSuall& lead to a raised e:;(cr etibn of urinary
SHIAA. In the present i.nvestigatiﬁn it was fouﬁd that be'foré
surgefy, the .leve_l of SHIAA in the qrine of cance; patients Was
slightly higher thén patients.with hiatus hern‘ia (Tab.le 5; o |
~although the‘differenc;e was hot statistically signlficAant,_‘thus ‘
confirming the view of Levine (1974). Purthermo.re, the bre—operativé '
level of NMN in the urine of cancer patients wés not‘s.ignifi‘cant.ly’
‘different from that of patients with hiatus hernia (Tab[é 5.) |
'Th‘ve're are no reports in the literature in which the uriﬁafy .[”e\.rel’ 6f 7'

NMN in oesophageal or lung cancer patients has been investigated.

Urinary activity of alkaline ribonuclease has .beerll rerported té
| increase in pat.ientslwith burn injuries (Barlow and Withieér, _1977) and
~ malnutrition (Sigulem et al, 1973). Thé observaf.ion thét fcs acfi\v/'ity |
in the urine of oes‘ophagea.l cancer of lung cancer (Table 3.16) patients
wés similar to that in the urine of patients with h.fla';us hérnia wou.ld'» |
. seem to ‘sugges.t that the urinary activity of this enéyme r:’e‘ma'lnls

unaltered in cancer patients.

_ Serum copper concf;‘;ltrations have been reported to be elevated in
patients with Hodgkin's disease (Warren et al, 1969) and in those with |
osteosarcoma (Fisher et al, 1976). The present results provide further

~evidence to indicate that the plasma copper level is also raised in



- oesophageal cancer, for its level in these patients was significantly
higher than that in patients with hiatus hernia, pre-operatively
(Table 3.9). However, the urinary excretion of copper was similar in

luhg cancer ahd hiatus hernia patients (Tab.le 3.10).

Changes in the concentration of plasma zinc in Caricer patientsw

}fhas élso been investlg'ated . However, there l.S no general agryeerhe_nt
as to whethér the presence of a tumour in the bcA>d-yv cha.nge‘bs the

g concentration of zinc in the plasma or its excretioh in the urihe.

. While Wo,lff (1956) fo}u‘nd decreased \/;alues.for sefum zind in éancer
pati‘en‘-ts, Da&ieg et al (1968) in an lnvestigaﬂon carried out on 49
cancer patients reported that only patients with carcin'omav of the" '
bronchus had loWer plasma zinc levels than the contfo l‘s. *S_imvilarly,
in the present Investigation no significant difference couid be found
in the level of plasma zinc or in the urinéry excretib'n» of Z’il’.lC. between .

cancer patients and those with hiatus hernla (Tables 3.7 and 3 .8).

These observations would seem to suggest that measurements of
~plasma or 'urina’fy excretion of zinc cannot be regarded as a reliable

indication of the presence of a malignant tumour in the body.

Urinary lev’els of c?cl"xc GMP or cyclic AMP in patienté with
tumours of the lung or oesophagus were né differént from thosel in
' patients with hiatus hernia before surgery (Fig. 6‘.1)‘. These findings -
are in agreement with those of Bershtein et él (1976) who found no

significant differences in cyclic AMP excretion in patients with breast



or lung cancer and con'tro.l su»bje»cts'. There are no.r'eports in the
literature of cyclic GMP excretion in patlents with ‘lung or oesophageél
tﬁmour. In Contrast to thé report of iricreésed ﬁrinary cyclic GMP
excretion in primary hepatoma patients (Neethlihg‘énd Shanley, 1976)
the results of this investigation suggesvt that the presence of oesophageal
. or .lungr c-:,amjer ‘is not assdciated with cyclic nuc.leoﬂde excretion,'.

It» éeems probable that increased urinary cyclic GM'P.ou‘tput may only -
be associated w’ith certaiﬁ types of tumo{lr and not with ma}ignénéy. in-

general.

(ii) Metabolic effects of surgery

The observation that immed iately éftér operatibn th'e ,levels',’of most
~amino acids in thé b,lasma fell in patients With oeéophagéa.l cancer and
hia’cus’ hernia patients agrees with fhe findings of Dale et al ‘(1977) who |
a.léo ‘observed that immediately after an abdominal éperétiovn of moderaté
or extensive nature, mosf_;. plasma aﬁlino aci&s decreasedi. Moreover ,v the "
finding ‘thai;. the post-operative patterns of ch'anges in t}he‘ :levels'c.)f; .:. )
plasma am ino acid were.esséntia.lly similar in oesobhagea[ c‘:anée'rv aﬁd _
hiatus hernia .p,atientsv (Table 3.4 and 3 .5)’-Wou.ld profride fufther
evidénce in support of the view of Dale et al (1977) suggesting that the
changes in plasma amiﬁo acid levels are not associated with severity :
of fhe oberation, since the 'surgical procedure employed for the
resection of oesophagus is more seVere than that ‘used for tﬁe s.urgica‘l_

treatment of hiatus hernia. On the other hand, the present results



indicated that fhe pqst—operative'char;ges of plasfna amino acids

in patients with lung cancer did not follow the same pattern as

fé-r oesophageal cancer or hiatus hernia patients. 'T_his ‘would seem

to suggest that the po‘st-operati‘ve fall of plasma ainirio acids i'srnot ,
an inevitable consequence of surgery. 'Ne\}erthe,.lesé it seems |

to be related to the presence or absence of hy‘perg.lycaemiai.»'v

- The finding that the level of plasma glutamine }_fe,ll. iﬁmed lately in all

"Vchree groups of patients and remained low throughout the 'po_s"c—opérativé _
beridd, provides furtherbe'vidence in support of Kinhéy’é vier (Kinr;ey,
1977) thét the decrease in'glutamine observéd in,inju‘r‘ed subject-s tis |
ﬁnique to surgical cata-bolism aﬁd may; offer 'an irriportant wéy to
separate the influence ‘of trauma from that of stérv'ation . 'I—'urt'hermorer,v L

- the finding thét plasma phényla,lanine rose by 2 days after surgery 1vnb
all patiehts is in agreement with that of Vinnars et .al. (1976) who also
found arise in tﬁe concentration of plasma ’phenylAa‘lanine éfter»su'rgery'.

, The cause of this early post-operative rise in plasma phenAyvlala_mine |
i_s ﬁot knof/vn; ‘It has, howeve'r, been suggestéd that it:r'n‘ight incﬁic’:ate

a transient liver dysfunctions (Dale et al, 1977).

The concentration of plasma totai tryptophan‘fell iminediately
‘after surgery and since the level of plasma free' tryptopﬁan rose at
the same time this led to a great increase In the ratio of free
totél tryptophan (Fig .' 5.2). Theée changes in fhe Conceﬁtration of
plasma total and free tryptophan would seem to beA due fo the rise in

the concentration of plasma FFA which occurred in all three groups of



pétients for FFA have been shown to decrease tﬁe binding aff‘mit;r o f

of albumin for tryptb phan (Cburzorn et al; 1973). ‘I‘her meoh.ankism‘ by
which plasma total fryptophan is lowered is not knowh, ‘CllerOfl and
bKnott (1975) have suggested that the fall of plaéma total tryptophan B
'caﬁsed by an increased level of‘p,lasmé FFA resuits from a ‘ashift‘ . |

= of the newly freed vtryptophan into intracellular compaftments’ other

than the bra'm as fapid trarisient changes of p.laéma FFA did ﬁot cause _A
condparéb,lek brain tryptophan changes_‘ . A- This suggestidn ;eceives

further support from the finding that the fall in plasma tfyptoph_an
concentration obsérved in oesophagealvcancer and h‘iétus hernia patient.sv’
immediétely after su-rgery‘was kassocia‘ted with_é rise in the blood L
glucosbe _Le\iel (Téble 4».1). indicating tha’_c perhaps trybtophan has 'bee‘n” :
taken up by the “liv'e’r in the process of giuconeégenesi,s for glucose
synthesis. It seems, however, that an alternative explanétion m‘ight .

be found for the changes in plasma tryptophan in lung cancer patients. '

The post—-operative fall of plasma albumin obser\;ed in hiatus
hernia and oeso phageé,l cancer batients (Table .3 .1) l.S cons.istent Wlth'
: thé fiﬁdings of'othérs tha}t after trauma, the plasma albumin concentratlon
falls, reaching a minimum around the third to sixth day (Fleck, 1976).
However, the presenf findings which showed that thé 'conc.entr_ation‘of
plasma albumin in patiegts having lung operations showed a .lvitt»,le cha'ngé
after surgery would seém to indicate th;t the fall .in- plaéma albumin
~ level is again not an inevitable consaguence of surgery. Moreoxzer,

this post-operative difference in plasma albumin level between lung



‘cancer patients and patients with oesophagea.l cancer éan be'exp.Lained
by the fact that patients havmg lung operations normally resumé

their normal diet a few days after sﬁrgery whereas thosé bhaving |
’oesoph‘ageclil:or‘nfor oesophagogastrectomy are unable to do so

for‘ one or two weeks, and thefefore post-operativé mélnutritlon' codld
have contributed in t_he observed hypoalbuminaemia in these pétiehts.
This suggestion is supported by fhe findings in the patieﬁt glifen- :

post—operative intravenous nutrition (Chapter 8).

- Post—-operative malnutrition seems also to be the cause of the
fall in plasma albumin observed after surgery in patients with hiatus
bhernia for thése patients are frequently overweight and receive a

restricted calorie intake as part of their treatment.

| A moderate increase in the level of p.iasma globulin is believed
to.oc':cur after injury (Cuthbertson, 1964). In tﬁe present studies,
however, no significant change cou‘ld be fouﬁd in the concentration -
of total gllobu.lin In lung cancer or hiatﬁs hernia patients after
operation (Table 3.3). In fact; the plasma globulin level fell
slightly in 6esophageal cancer patients in the éar.ly post-opefative
period. In view of thevfac.t that patients with oesophageal cancer had
.a .iower plasma total protein .than the other two groups, and also
: that théy had a progressive decline In total urinary nitrogen excretion
it appeéred that the post-operative fall in the concentration of p.lésma

globulin was a reflection of their generally poor nutritional status.



ol !

af oparatinag on the urinary excretion

r

With regard to the_effec
' | of nitrogenous compounds, the.res.u.lts of the. preseht_ investigation

has indicated that apart from the e‘xcretibn of amiﬁOfnitrogen by

| ».lung cancer patients which was elevated on thé éégond and seventh
_'post-o-perative days, the excret_ion vof other ﬁrinary nitrogenous
constituents was not usual-ly increased. In fact s in oesophagea.l

cancef p‘atieﬁts a progressive fall 1ﬁ the excretion of urinary n_if.rogendus
com pounds oécurred throughouf the posf—opérativle ﬁeriod; which
‘ref.lected‘. fheif poor nutritioﬁal étatus. ,fohnéfon (1967) .repbrted‘ |
"essential.ly the same decliné in the daily nifrogen .loss in 4 3 B

poorly nourished patients after abdominal ope'rativon'. o

'In so far as the’ loss of urinary nitrogen after severe injury ls
maximum in young, well nourished male patients, the .poor urinary
nitrogen response to surgical poperation observed in pafiénts with |
hiatus hernié was perhéps not surprising, fof thé _inajority of these
patients were females; This conc.lusiﬁn is streﬁgthened by the
observation that the uriﬁary nitrogen response to surgery in the ma,le" -

lung cancer patients, was higher than hiatus hernia patients.

As to the effect of surgery on blood s'u.gar ééncentr_atioh z tbhe
present study has indicated fhat immed iate.lir after vop.eration . the b,lood :
sugar level rose in hiatus hernla and ovesophageal cancer éatillent.s:
but not in patients w‘ith lung cancer (Table 4.1). Since the fise in
blood sugar level in these patients was associated with é fall in the

levels of plasma glucogenic amino a‘cids; it appeared that hyperglycaemia



was the result of increased vglucose synthesis from plasma amlﬁo |
aéid. These findings provide direct _evidence inv support of the

view of Wilmor et al (1976) that hyper.glyca'emla occurring after

_ iniury ié the result of ihcreased glucose production, vnvofc g.lucosve'
disappeélraﬁce, Moréover, the observation that in hiatus hernia

and oesophageaib cancer patients, hypérglyéaemia occurred invthe :
presence 6f normal plasma insu;lin_ would seem to sugge‘st fhat :
perhaps in the initial phase of injury msﬁlm has a little paft to play.
Fuzthérmore,,, it is incfeasingiy’ appareni that the control of b,loéd. |

_ sugar 1is é function not only of insulin bit also .of gluc‘ag’o.n; “The
main physiologlcal role of glucagon is to increase output 6f 'g.lucose
from the liver (Chgrrinéton et al,; 1972), while in‘su‘lin is.thouc._:xht tob_ )
be associated with the fegulation of periphera'l g.luc»ose disposal -
(Unger and Orci, 1975). Therefore, it is possible to s'uggest that
gilucagon might hav_e a major contributory effect td the ob.served
hyperglycaemia immediately avfter'operatvion. The valﬁe-s forAg.luca‘gon »

found in our patients support this suggestion.

A»The imrﬁediate-‘rise in plasma corticosteroids observéd after
injury (]ofmstohe 1964) has been confirmed in the presentv investigation;
as it was found that in ‘al.l three groups of patienté the levels of
;l.l—hydroxycorticosteroids were sigﬁiflcant,ly above the pre-operatliv'e
level immedlately after surgery (Fig. 4.3). Furtherm'ore‘f elevated
.levé.ls of .l.l-—hydroxy_corticosteroidsb would seem to h‘avve led to thé‘
rise in the concentration of FFA in the plasma, fo‘1~ the plavsma PFA |

level increased in parallel to the rise in ll-hydroxycorticosteroid .



immediately after operation (Fig, 4.4).

:The observation that plasma insulin rose in all patients on

: the s‘econdv'post—operative day and 'thét not in probortioﬁ'to the btlood
glucose level and aésoéiated with high excrétion of kétone bodies
‘in the uriﬁe (Tvab.l'sa_?lr,,S)‘r provides further evidence m suppbrt of |

~ the idea that insulin resistance occurs after injury (Allison, 1974).

Aé for the‘effects of suréery on copper and zinc métabolism,
- the results of the current in‘vestigation suggest that the pééi—operatlve _
vchangesvof p.lasrﬁa copper afe re.lated to the underlying disééée . for
its level in oesophageal cancer on the seCond and élevb.enth post-
operative day fell, whereas it hardly éhanged in hiatus herﬁia and
.luﬁg cancer patient.‘s (Table 3.9). Moreover, the results show that
perhaps surgery, regardless.of its nature"or severify, has no ép_parent
effect on the urinary excretioﬁ of .copper, for its .levé.l did not qhénge

- in any of these three groups of patients post-operétively (Table 3.10),

Posi':-.dperative changes in plasma zinc'wevrevmore con-silstent

" than those in cobper, and fell in é.i‘l patients on'tﬁe second p‘ost-'
operaj:ive day' and returnéd to» the basal pre—-ovbérétive level by 7 days
~ after surgery (Table 3.7). Furthermore, the observétion that in
hiatus hernla and oesophageal cancer the fa[l in p.laSm‘a zinc was
coincident with a fall in urinary excretion Wo'u.!d seem to suggest that

surgery could lead to an increased uptake of zinc by the tissues.



Surgery itself seems not té change the urinary ex.cretion of
NMN or SHIAA (Tables 5.3 ‘and 5.4). However, the findiﬁg that.
in oesophageal cancer patients there was no correlation between
plasma tryptophan and its urinary metabolite NMN (Fig. 5.5)
implies that perhaps in these patients the normal pathway of
}t‘ryptophan metébo,lism (Fig. 5.1) is impaired. Abnorinaiities in
tfyétophan metabolism héve been.reported in patients Wiﬁh ~bre_ast- ’
y éahCer (Rose, 19v67) and also in patie}nt-s‘with bladder céncer
(Gailani et al, 1973). There are no reports in the literature -

concerning tryptqphan metabolism in patients with lung or besophageal :

“tumours.’

| The present study has shown that sﬁrgicai operatic‘)nl‘isr ..
followed bY a transient rise in the activity of urinary a.lka’.liﬁe _‘
ribonuc.leasé for its activity rose signifiéant.ly in all three groups
of patients only on second post—operati;\fe day (Téb.le .3 .16‘). L
Sigulem efc al (1973) have suggested tha’; measufemerit’ of this énzyme
in the urine of children can be used to detect ma.lﬁutrition . waevér,Q
‘the cufrent Investigations suggests that urinary activity of aikaline
ribonuclease is not closely re:lated to nutritional status in these
patients and, thefefore, could not be regarded aé a measure of

nutritional status in surgical patients.

‘Cyclic GMP excretion irnicreased after surgery, and was higher in
patients with malignancy than in patients with non-malignant disease

(Fig. 6 oll) . Higher cyclic GMP output after the removal of a tumour



may reflect a greater incidence of post-surgical complications

with an assoclated stress to the patients,

(iii) Effects of post-operative parenteral nutrition

' . The present study has shown that 5 daysiﬁtrave'nous nutrition -
ina ma.lnoufished rria.lé patient suffering fr‘pm carcin;)rﬁa qf oesophagu's"
resulted in a great improvement in plasma a.lbumiﬁ. POét-opefativé _
parenteral nutrition in this patient also rediced urinary nitrogen losses
almost completely on the second pos't—-»operative day and are ih |
ag‘reement with the work4 of others (Johnston et al, "'196.6)'.' ,Moreolver; ~
_the present study has a‘lvso shown that the posf-opérative fali of
plasma amino acids which occuré invoesophageevi:l Qance-r patieﬁts cou.[d'

be avoided by intravenous feeding,



CONCLUSIONS

-;I'he' studies described in this tnesis have added a further fact
to our understanding of the metabolic effects of surgery. The effects
eytdent.ly depend not on‘ly on the usually accepted factors such as
~ state of nutrition, age of the ‘patient and severity of operatlon but
s.lso upon the nature of the surgtcal procedure." The findtngs‘ suggest: '
that the response may be modified by the 'handtling of organsand ) |
7 | tisvsues during operation. They further demonstrate therv close
rejlation.ship between carbohydrate and amino acid rnetabo.liSm and_ :
‘the release of eertain hormones. ' Of the latter, studies of-the effects

of injury on the secretion of glucagon and the intestinal hormones P

- such as gastric inhibitory peptide (GIP) Wou.ld seem to be of importance;' o i

A greater understanding of the detailed metebo.lic‘response to different
kinds of surgical procedures may well point the way to more carefully -
| contro.l.led, indlvidually prescribed nutritional managernent. ~In this
respe'ct the f_indinds on indivldna.l amino acids and the ore.tim inary

work on thiamin seem worthy of further investigationo
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