METABOLIC STUDIES IN PATIENTS.

UNDERGOING THORACIC SURGERY

A Being a thesis presented for the Award df the
. Degree of Doctor of Phillo‘sophy N
| in the -Unlversity of Sgrrey _‘
o " .

A. Boroumand-Naini, B.Sc., M.Sc. (London).

Septembe‘r, 1978 o E - Department of Biochemistry,
’ - Unlverslity of Surrey, B

- Gulildford, Surrey

$£9q oyl



"12

"tHS% $

* *
+',
*( )
5 + *(,
4
lllll_
, 0 .0 (
;<
<= ;<



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







































































































































































































































































































































































































































































































































