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Dear Colonel Collins:

Thank you for your letter of August 1lith, and for the review
of our paper entitled "The Anemia of Thermal Injury, III, Erythro-
polesis and Hemoglobin Metabolism Studies with N15 Glycine in Dogs
and Man", which has been cleared for publication.

Enclosed with this letter is the additional cepy of the manu-
script you have reguested. If I can be of any other help, please
do not hesitate to call on me.

? ly yours,
, Lmj.m: M

G, Watson Jap III, M.D,

GWJI/w
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In sarliar investigations regarding the anemia of tharmal injury (1)
tentative condlusions were reached suggesting the defiaiensy in tota}
alreulating hewoplobin was produced by at lesst two weghanimm: ip the
first fow days after a burn, & hemolytic prosess; then, later, imadequate
hencglobin synthesis, Yo Inrther exrlore the dyshematopaiesis, sxpari-
nsatal mm«mmwrmumm, wnd in a burned men.
T™he prinoiple index of red sell and hasoglobin foreation weas the rate and
sxtent of uptake of heavy nitrogea (%) frow isstopically-lubslied glyaime
iuto the hews fraction of hemoglobin, This technique aiso mekes it poss
sible to estimate the 1ife span of the erythroaytes forasd during the par-
tigular phase of injury uofer study {(2), Nussrous sdditions) physislogie
cal and bloochemioal atudien were parformed gonoomitantly to eid in the
interpretation of the #i5 data, These included complete homograms and
WArTOow Surveys, messurements of blood veolume, nitvogen bulance, seram
iron, eopper asd bilirubin, erythrocyte protoporplyrin, wririry copres
porphyrin, snd urinary and fesal urebilinogen.

Methode and Nsterials
¥ongral mele dogs, 2= ywars of age, wers kept in mstabolis csges en

& fixed diet dedigned to give & daily intaks of 1L grase of nitrogea and
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N
suffioient aslories to maintain body weight wder sontrol csnditions. The
‘hematologle mathods were those given by Wintrobe (3). Hemoglobin wes
measursd by theslimline hematin method in sodium sarbonate on the Colemss
Junder Spsctrephotometer standerdized for hewoglebin bty the caygen expe~
sity method, Retisuwlagytes were counted o & wet praparation aftsr staine
ing with brilliant orasyl blue {Oolesan and Bell Go.). ¥arrew was aspirated
Ifrom the ilias orest and myelodd-sryithrold ratice deterxined dy sounting
st leazd 1000 callas in approximately 25-30 ell-imwaruion fields, Nlood
volume was measarsd with T-182L dyw (L).

Peoey, oollectod in foureday periods, were hosogecised and made to &
sonstant volume from which aliquots were analysed for nitrogen {5) and
wobilinogen (6). Urine colleotions wore suslysed deily for nitregen,
wrebilinogen, and aoproporphyrin (7)e Serum Sron (8), sopper (9), biliw
rudin (30), and erythrooyte protoporphyrin (11} wers determined at intervals

of about ten dayse

Yhen nitrogen equilibrium was attained the expsrimental animals were
given 8 standerd aontectedburn of 20 per cent body surface sres by the
method of Brooks, st al. (12). Appreximstely ten dayp after durning, b

the height of the ostedbolio respouce and when anexis was devsleping, they
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o
wers fod 10 grems of glyoliue containing chﬁnmwuntuml‘umlm
gras amounis every two honrs for five dosss.” 1a the peiriods imwediately
alter glycine fesding, wrine oellecticns were frastionated at sight hour
Lntesrvals for study of K15 exeretion in wrinsry nitroges. Nemin was Lsclated
a8 deacribed by Shemin and Rittenberg (13) and recrystellized asvording
te Fischer (1h), then ssalysed in duplicate for ¥I° content in the mass
spectrometers Stercobilin was isclated by & wathod modified slightly from
that desaribed by ¥atsea (15), resryrtellised from chloreform and dried
over PaOge FPurity was checied by optdesl rotation on sach sampls sent
for isotope amalysis. Quantity was wsuslly sufficient for analywis ia
duplicats, mnmplnfwnlsw\ru-mmﬁmlycwdth
tank nitvogen as & refarence standard, and ks ,15 atom per dent sxcess
over tank nitrogen dstermineds A table for caleulation of N*5 eonosne
tration was computed and han been found very useful in tals work (16),
The Bleretyps icotope-ratic mass spectroseter used 1n thase and subsequent
expariments was builé and meintained Wy Bre Willlam 1, Hamy, Jr., Wre Ray

'm’ ad Wy, 7red Sohmidt,

W

ol Ml?mgimglwimmhlﬁmﬁ.ﬁlt&’mﬂu.
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Dog 27 nerved as his own gontrol. mmnmmm:um,
and studies were done, When he had spparenily aohieved Iull recovery, the
glycins feeding was rapesiod. The reverse progedurs was planned for the
second gontrel, dog 31, but he died unexpestodly befors the bLurn was glven,

RERVLTS AND DISCURSION

Aziml experiments; The uptaks of N0 inte the pigment fraction ef
the hemoglobin molegule, 43 measured by the stom per aent cxcess in the
isolated hemin, needs both & guantitative sod kinetis iatarpretation,
8inoe tagged heme is alwaye diluted by pre-existing nntagged hemoplobdn,
e tetel quantity of the latter will in part deterwine, Ny dilatiocn alcne,
the concentration of the isetope in the lsolated hewmin, (Ths terme hemoe
glabin, hems, and hemin may be used intershangeably in this dissuysien se
for an N uptakn 15 concurneds) Teble I preseats dats comparing the total
quantity of ¥*5 Lnoarporated into the hame of the exparimental animals,

The wptake 1s axpressed hetnu-mmmarn‘smauammug-at

the total 5 adninistered. The data alearly show that although the dife

ferenoe in atem per gent excess WIS between sontrel dogs 3% and 29 was

greater than 100 per sent, dus to the difference in asount of oirsulating
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hewoglobin the total L5 uptakes expressed in milligrems (1.09 and 1ob3)
and as per gent of administered ¥15 (0,18 and 0.225) arve not very diffevent.
Calsulated in the same manner, the quantities incerporated in the burned
dogs 29, 16, and 17 were one-eixth to less than ooe-twsntieth of thoss ia
the netmal animals, decause of the conowhat lower body weight of dogs

16 and 17 (Table 1), the wmount of W9 roceived per kilogram of body

welght was aotually slightly more ia thsse aniwsle {Table IXX).

A decresass in totel circulating hemsglotdm (7.0.H.) by produsing
anemic mnoxia is wscally one importsat stimalator af inoressed wrythres
poiesine In all thrae burned animals P.0.9., was diminiehing at the Ume
of glvoine feeding as can be seen hert by refersnce to Figures 1 wod 3,
on the day of glyoine feeding when maximom u15-¢1;mm gonsentrations wete
present for heme formstion, redustisns in TGl of 16 to LO per ceat had
cocurred (Tahle I1)s These data suggeyt that hemoglobin formation at the
tenth day past-bnrn was aignifissatly depressed even in the predssnce of &
falling totsl cireslating hewoglobin, & known stimdlus to erythropolesis.
In the next 20 days redustien in T.0.F. hecame as mich as 27 te 57 per oent
and reticulooytosia hecmma svident, but at thie tise honling of the buroed

aroas was well under way, Obviously the results which arc ebtained will
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depend on what time after the thermal traums the glyoine is feds The ten
day period was choson heasnse tha studles of Brooks, ot al., (12) demon-
etrated maximum anemia st that time,

The rates of uptake of le ints hems in the dontrol animsls were quite
similer as seen in tha composlte praph Figure 3, Bubt, in the barned dogs,
when oomparsd with the controls, distinct diflarences in uptalos rates are
at once evident. The dats an dog 29 {Figure 1) are purticularly striling
sinoe this animal sarved ag hia omn sontrol. In the normal state aAlmost
maximal ciptake of plycins had been obtiined 10 duys after the fesding,.
After the zsme length of time, but when fed 10 days aftor & 207 contash
burn, only a slight incorpsrvation of glyoine had ocsurred. An increased
rate of tagping anscvarsd coingident with a heglnadng reticulocytosis after
the 20th day post-burn, From this tlwe on & staady galn in T.l.He was
evident indieatin: the Inhidbition soeompanying injury was ne longer depres-
sing srythropoiesis. Dogs 16 snd 17 (Zigure 3) which sugcwsbed alter L7
and 35 daye reepsciively, again demonstrste an overall disinished rate of
synthesis as gompared to the controles In dog X6 (Figure 2} there was &
slight Angorparatien of 515 into hane fr@u_' the 10th to the 25th day pest~

burn after which, preceded by a retioulooytosis, s sors marked rise in ¥S.
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bexin level becaws evident. Dag 17 (Pigure 2) showed un sarly sherp ine
arease in the first four days after glysine fesding. A retioulsoayte count
of 0,84 on the day of feading was higher than the counts of O.4% and 0,08
obsarved in the other burned animals, but unless 1t went higher in the nexb
two daye (no counts were done) this esrly increase in W5 lovel in this
aase is without explanation. Another distinet, and perhaps signifiocant,
difference betwesn dog 17 and dogs 27 and 16 was the abeencs of a pronoundced
levaocoytosia at the time of glyoine feeding. From the lith te the 30th day
uptaiks was at & rats cosparsble to the other burned animals, despite &
greater degree of retioulocytosis froa the 25th to the 3ISth day, Tesinally
the hemoglobin concentration in this ardmel fell %o very low levels,
Autopsy disolosed numerous bleeding arcas in the gastrointostinal mucoss.
The late reticulcayiosis thus may have been stisclated by hemarrhage,

S$tody of the bone marrow showed rather marked myeloid hyperplssia 10
days after the burn in dog 29, but in doge 16 and 17, 31 days posteburn,
the warTows were generally hrpoplastioe, although some nests of srythraid
mturation were evident,

The labelling which ascompanies reticulocytosis at a tive when a
major portion of the N5 has been exareted is of partisular interests The
hesvy aitrogen for labeiling would have to some from an sndogsnous
*dynaxiae" source sinos 10 to 15 days after the oral administration of the
#S-glyoine the major portion of the isotore has besa exareteds This Sourve
is no doudt glyeine, but L{s glyoine that haw besn incorporated inte the
tissus snd plasnma proteins, It is consistent with the thesis of Whipple
and his assooiates (17} thaqﬁn\rmmmmwtm
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benoglobin, 1ummnwmmutmmmuum
oytosis stimilated by vitamin By, in parnieious ansada patieats (18), and

a much groator thmnmlinamuauorluhnl’smuuu

Inmwmmmmhflﬂmﬂuptmmmmt have
besa due to (2) depressed uptaks in marrow (fatlure of uttlisation)
{v) failure of abeorpiion or {8} sxcessive eliminaticn of heavy attrogen
in the urine and stools. In the firel § dayw after fesding all the barned
dogs showed slightly greater fecal exerstion of WS than the soatrel snimsle
but thers was no indication of fallure of sbsorption (Tabls UI)e In the
seme table data rertinent to urinary W5 exoretisn are given. During the
first four days sontrol dog J1 lowt 52,75 of the admiaistared WS, burned
dog 27 lowt l7%, and degs 16 and AT lest 63417 end 73,6 reapectively.
At the end of 10 days even mare B3 had been exoretsde Doge 16 and 17
lost 4% and 703 respectively, while burned dog 29 hed lost omly h5.3%
and the control dog J1 had lost & total of £1.35 in the urine, Thus twe
burned animals showed sodarately incrsased :arj.ury woretion while one was

1sss than the controle Theae colleotive dats are interpreted to fndicats
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Qmost eouplate absorption of the orslly administered glyoine, and an &
comparative basis suggest that failure of utilisation rather than increased
sxsretion was the signdificant facter in the desreased foecrporation inve
home, The graster inoreased urinary exoreties in dogs 16 and 17 &5 part of
the inaresnsd gateholism present gontimeously from tha time of the buri wntdl
deathe Both of these animals had lost over SOT of their body weight st the
ting of death,

The lifs span of the red blesd cell in the tws coatral animals has been
sstimated Irom the hemin curves Ly ssasuring the time in days from the wide
poiat in the uptake curve te the midepoint of ihe dissppesrance curve (2).
Dog 31, &8 ceen in Figwo L, had an average arythrocyte life span of
about 100 days, and contrel dog 29, 104 dayws The sversge life span of
arythreaytes in the novmal dog by the K'Sohesin teshnique has not besn
reporded twevicusly. The 1ife apan of the deg's eryihresyiss ufslng
1ecllicgiyoine which lehels globin, hes been estimsted to bu 75 2 § days
and 95 & S days using two phlebelosdsed dogs (20}, Hewoglobin wes labellad
4n the glotia fraction with lysine oontaintag 014 1n the wpeilon carbos,

L]

and the srythroeyte life span estimated in this sanner was 115 days usisg &

dog made anerds mmrommwmmwmmmmﬂmm).
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Decause of the death of doge 16 and 17, and the low tag obtained in dog 29,
1% was not possible to ectimnte with certainty what the 1ife span of red oells
formed during injury wight he,

Ho significsnt qhanges wora obucrved in studies of the serum iren, sopper
. and free erythrogyte protoporphyrine In one of the burned doge (dog 27) the
serum iren was slightly depressed after the therws) injury and remsined low for
nearly 100 dayw, esven afisr the total circulating hewoglobin had risen to nore
male In this animel serum copper 4id not bhecome elevated, In the two other
burned snimals the serum iron did not fall to the expseted low lovels nor wae
thare xny rise in serum bilirubin to explain the normal serus iron levels.
The values for serun copper wers erratio and no gonolusions could be drewns In
nons of the animsls either gontrol or burned did we chsarve any rise in the
free erytivodyte protoporphyrine

The failure of the serus iron to fall sarkedly in the burned dogs was
somewhat unsxpected, Cartwright end eszociates (22) found a very matked and
suddsn diminution following the produwstion of staphylocescis or turpentine
absoesa in dogs but they did not find a depressed serum iron after injestion of
staphylosooous toxing nor was an answls produced, Asesia developed in ouwr

ardmala but the serum iron did not drope This was in striking sontrast te
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similar studiss to Le deseribad later in the burned wan whers there were
aignifisant ahanges in serum iron, coppar and free eryibroayis preto-
porplyrin (yids infra).

Figure 5 {dag 27) showy the sume changes 1s fecal arobilinogen excre
tion and urinacry coproporphyrin exaretion whioh have been desaribed in man
following burns (1l)s fFrom the time of the injury ta the 10th day there was
an inoreassd feasl wrobllinozen outpuds A% the same time changes in
winary wobilinogen exzretlien ware not ewident, but thete was & very
merhnd incrosee Iin the urinsry coproporphyrin exsrction. The coproe
porphyrinuris began to inereace on the Sth day after the turz and reaghed
1te waximss on the 12th day, two days alter the giyoine had been administered,
No changes were observed in the gontrol animal, dog 3l. For rossons bayond
our gontrol the urinary snd fecal urobilisogea and urizary sopreparplorin
gxorations aould not be detersioed in the other two burued anisels.

The indreass in the fesal urobilinogen has besn sttributed to the ine
sreznod dostrustion of nigmeni incident to the burn, The methad of deter=
mination woasures both open chain hw {wrobilinogens) fres hemo=
globin deziruotion a2 well as irom othsy scursase Althoogh it sppears from

the graph twre is slight overlap and that the glycine wes adsinistered at
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a tiwe when nirment dentruction wes greutest, there is & lag in the paszage
of the intsstinal contents. It 13 our helief the glyoine was ziven st a
tine when the major olfeot of hemclytic meshanisms to produce auewds hed
passed, Te have no sexplanation for the pise in the uriaery goproporphyrin,
and Sacwer anxlysl: for praepanieranse of Type I o Tyre IX1 wee not done,
Increazed urinary coproporotyrin exoration appears $o be in some manner
related to the depressien of the marrow observed in the burn studies, If
intrscellnlar nrotoporphyrin synthesis prooseds from ureporphyrin to soppow
porphyrin to protopor-hyrin with subsequent incorporation of irom into the
lant moleouls to form heme, then coproparphyrincrie may result in part Irom
an inhibitlion of utilisation of pretoporphyrin, The possibility thad
nastericl growth present in the burowd area way have roduasesd sopropore
phyrinuria sannot howover be disregardsd,

Moean studye The oliniesl stwdy wae parformed on 3L year old Negro
male who wae boned whan gasoling on his olovhing becnme ignited. Fe
salferad an aprroXimate 20 per oent total hurn lnvolving right srm, chest,
adomen, and lert hand, of which about 14 per teat was third degree., The

past hlatory was negative for any serious illness or operations, snd he had

beat A good health at the time of the injury., Sherily afier sdwission he
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waz piven tetanus antitexin, peniellling and in the ripst 2 hours 1500 mi.
of & per osnt dextran {Nagrodex). Closed dresaing was apylisd. %Ten days
aftar admission he wes partially debrided and redrezeed, The amount of
third degree burn romntning war astinmated to be sbout 15«18 par oent,

The next day {eleven days after injury) oral fesding of u‘s-gmn-

(316 atom por cent axcess) was hegun. Ha wes fed a total of 24 prame in
240 pram rations with shout 100 xl. water svery four hours for twelve deses,
The foading wua well tolorzted and cmrried eut without mishap, fiftesn days
after the burn he somrlained of spigentric pain penstrating straight through
to his back which lastad almnat twslve honrs, and althourh it was mspested
he might have had some duodenal uloerstion (Curling's nlcoer), this was not
proven, This Mfflculty 414 not omuse any Hirther dissomfopts A% w0 time
during the treatment of tha bdurn, wss he given trensfusions, and he was

skin gralfted without mishap, During his hospitalisation he was fed a
11quid dist of the lollowiny compooition: protain 112 greme (1.5 gw/kg))
carhonydrate k93 grammy fat 11) grams, The palorio intake wes 3435
salarias ver dAsy, The use nf simidlar iia‘ts in putrltiona) and metabolise
studies haz been described elsewhere (18).

Flgure & shows in tha asme marmer ax uyed with the animals the ohanges
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observed in the uptekes of heavy nitregsa intc hewe of hemoylobin in the
burned man. MUaximum uptake csocurred 30 deys after the adsinistration of the
glyoins, which was about L0 days after he had resedved thw injury,
Throughaut the entire period of uptake the total sfrwulating hemo;lebdn
had bosn dimirmishing. Judging by the level to which the total ciroulating
hemoglobin returned in the recovery phases, it had not been spprecishly
diminished at the time of ylyoine Lfeeding,

In a oorwel man stodied twice in our laberatory the miximus uptale
ocourred an the 15th and 20th days respectively (23)s During the feading
period the protein content of the diet had een reduced to lsss than 0
greme per day. These two men ars not sbsolutely sceparable but with the
sams asount of glyeine, the normsl saz had Loeerparated at the 158h day
more than twics ar mush heavy rdtrogen in heme as had the bdurned sen for
the sume interval of time, Maximum uptaks indo heue of the burned patiemt
m?.hqllswhihinthcmrﬂmitvuédmllso The norwel
mant's weight waw 71.4 ky and that of the burned patisat was &7.0 kge

The rate of uptake in the hurned man does not sesm to be grestly

ALrforent freom that which we have abserved in the norsal san with either

normal or stimulated erythropeiesis, Blsod letting of 20-30 ul every 10
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days wes a gonstant stiwmulue to erythropoiesis. ¥Whan & reticulosytesis ef
7 per cant did appesr betwesn the Jéth and LSth day we do nob sheerve
wmumaﬁsemumMnummumM
animals. The best sxplanation for this is thas any tag remising in the
body was now o diluted that it could not affeat the teg already cheerved
4a the hemisn, After the 4Sth day there was & slesdy desline in the bszin
sag whioh we attribated to slow dllutian of the Sagged cells with inuress~
1ng quantities of untagged hems, or teg insufficiest {vide supre) te alfest
AL, during the period of regensration of the total mass of eiroulating
hemsoyiohin, mm.mtwwls-hdn&mmmﬂoumhh
Mliﬂigﬁtﬁmtm%%hh“ﬁﬁ@ﬁuﬂiﬁcﬂ“ih
aop.utmmwm,mm.nnwamﬂymmmuum
178th day.

Secsuse of these very B ight ohanges in the tagged hewin dissppesrance
surve it is difricult to select sither by sbservatimm of Wy grapnical

methods the point of maximum breakiewn of the tagged erythrosyies. The

“d%mwuummmhumw,m

mid-paint of whieh would be the 133rd day, Frow analyssis of the wpbsle

mthstmu'moafndauaummmzautummm
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dny, but tagging was taklng plaoe up to the JOth day. Tharelwre Lrom the
hemin data the average lifw span of the tegged erytirosrtes should be abewt
106 (133~7) dayes It is interesting that these cells live & normal life
span, and this observation in ftsalf supportn the propoaition that the
snanda is dus to depressed erythropoiesis rather than to & shortsned life
#paa of the tagged cella, If the life span of the celle ware unshanged,
sad the oalls were produced while & noa-hemolytic anesmia was developing,
thes the anemia could only have besn dus to a dixinished nusber of eslls
being formod, Similar ressoning was used by Berlin, Yan Dyks, and Lote
in thelr study of the life span of the red blood sells in the hypoply-
sectonised rat (2L).

A mora ascurate determination of the 1life span of the tagged oells
aossd from a consideration of the stersebilin s date whigh are plotted
s the suwe figure, Oonsider that portion of the stareobilin eurve from
tha B0th to the 17Sth day sfter glycine feeding, 7rom & relatively ot
stant level the M5 aoncentration in the fecal steceodilin began to rise
at sowe time betwean the 50th and 93rd duy and resshed a maximun betwesn

tha 1lhin and 125th day. Since the atools in dhis wtudy wers oollected in

sight day psricds [or sterachilin Ssolation sad suslywia, the nid=pointe
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of oolisetion periods wore taken for the purposs of pletting the gurve.
Thus at the 120th day a maximom W5 gonosntration wes found in the isclated
steraobilin, At this time the Average tag on the oslls baing destrayed
was greatest, These gells were lebelled during the pericd of giyeine
feoding, The storgobilin tag wan at this time mugh greater than the
eiroulating hemin tmbocmothmmmmduuumorhggdw
bilin with untagged stercobilin when the Segnent of the red gell pamadation
with the highest tag was belng degraded, Taken at ite face value then,

the averaze 1ifs span of the red oell from stergobilin data 13 about 120
dayw,

That portion of the sterocbllin curve from the sero-~day te the Lird
day also hes sowe interssting possibiiities for discussion. Londem and his
nssociates (25) have dewonstrated from X wsterconilin studies 14 normel
wan that during thuurlyphmo:hmtugsing the tag on the fscal sterco-
bilin is greater than that which could be ssoocunted for vy bresidewn of
mature siroulating erythrooytess Thay soncluded that a portion, st least
11 per cent, of the stersobilin was not derived from cireulating erythro-

Sytes, In our patient, mmm-wumm-mmmmmnm

rMMMynwmthMmmcummmnm
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fourth day, It swsss likely there is grestor dilution of tegged hewin

with untagged heain than thare is of tagged sterochilin wiih untegged
stercobilin, Further stadies of this are to be publisheds It is also to be
noled the stercobilin label does not diminiah to "normel sbusdance” levels
between ths 15th and the 30th dayw.

In the burned man, changes in serun iroa, coppet* aid Lree erythro-
orts protoperphyrin were followed serdally, There were cantinuous detersie
nations of the urdnary wrobilinogen, cordoporphyrin atd fecal wrobilinogesns
Figare 7 gives the data relative Lo serum iren, copper and Ifr'ee arythros
oyte protoporplyrin, with which are sorrelated the changes $sen in hemoe
globin. There waa present within the firet 10 dayw after injury; a
hypersupronia and & hypoferresis. The signilicence of this diatinotive
pattern which is ssen not only in iron deficienay anexls, anexia of ine
feation (26, 27), rheumatoid arthritis, pregnanoy, Hodgldn's diseamse, and
leukeada 16 not knomts To our knowledge, however, s serisl sbhaervation
through & couplets phase, has not been repurted previously., Uontrasting
thochmgninthenmmmwdmimnthﬁmmmhm-

globin, the serus iron remained depressed for ahout 150 days, long altes

the T.CuHe had returned to norml. Serum sopper on the other hand began teo
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diminish toward normal levels, concomitantly with s rise in 7.0,H. apd &
ronth before any definits trend in the serun iron was noted. Despite
many recent studies, the significance of the role of sarum Copper resains
miown (28, 29).

The change in the free eryihrocyte proteporphyrin issriking srd has
besn observed in the anemda of infection (28), Shortly sfter the injury
the EP began to rise and rose steadily to about the Shth day. The highest
polnt was amsociated with & roticulooytosis of 7¢ on the omw dgye The
iner:sse in BP without significant retigulocytonsis from the 1Gth $o the
50th day indicater reticulosytosis during this tise was not direatly related
to the rise of the P, Wp sliso hava evidencs that iron dsfioclency was not
developing, aince the mesan corpusoular hemoglobdn soncentration shows no
shange in the SO day period when the %P wae yising rapldly. Iron defi-
slency causes the grestest incresses in %P,

This very interesting observation imesdiatsly sugpests that although
the synthesis of heme, a3 mesaured [rom the hemin dats vreviously shoun,
appears to ba relatively normal though depressed, ithe internal envirommatd
or miliev of red cells nroduced in this peried froa the burn wes in soue

msmaner ispaired, sssuming an increared gquantity of fres erythrosyle

Washington National Record Center
Office of the Army Surgeon General
Record Group 112

Accession #: (54— 3) 7'—}

Box #: 4£¢

Pl Cuans, Taris mMb-94



«20w
protoporphyrin wesns & change 1n enupwatls resotions. From sbout the 50th
to the 155th day, the EP remsined relatively constent, and then begas to
glowly diminish, Tt war still high, sven when the totsl cireulating hewo-
globin hed returned to norwl And when the serum sopper end sorum $ronm hed
rwturned to normale The most plausible explanation for tuts is the produc-
tion of shnorwal red cells during the SO to €0 day pariod; axd mo, these
oells with & normel lile openy as shown from the hemin data, would remein in
the cirsulation with slevated EF for 120 plus 50, or up to 170 daye,

AS has besn described previcusly in buened patients (1)y this patient
showxi o rather marksd increace in the excretion of urinary eoproporphyrin
at the time when the red calls were baing tagged with heavy nitrogen,

About 20 days after the burn, the urinary soproporphyrin had resched neymel
levels; shortly thereafter it again becams elevated. As with the doge,
there is no satisfeotory explanation for the ries in the urinssy ooppes
parphyrine The patient hed a surfaoe infeation of the burned area, and it
1s possible the coproporphyrinmuria was mors intimately assoainted with this
than with ary markei change in porphyrin mstsbolisw awsooiated with hesia

4

synthesis.
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1. As msasured by the incorporstion of hesvy nitrogen from orally-fsd
MS.glyeine into the homs of hemoglobin, & 20 per dent sentast burn 4n dogs
resulted in marisd derression of the sxtent and rate of hemoglebin forws
tion, ten days after the injury. A% this time ths total eireclating hemoe
globin was diminishing rapidly, bub even this etimulos was nod sufficlent
to cause a reticulogyrtosis. Twenty to thirty dxys post-burn, hewmeglobin
regensration ensuad, and evidenoe from the W5 stuties indicated utilie

sation of body stores of glygine for this purpoee.

2. Dy the hemin Wo-tagging method, the 1ife span of the noreel dog's
Mmuﬁntedtob_-mtmmmhm. respeatively, in

two different animals,

3. Ia burned dogs no significant changss were obswrvad in free stythro-
oyte protoporphyrin o sarum iren and dopper, but increasss in fessl urg=
Mlinogen and urinary cenpreporphyrin exoreblions werw similar to the changes

observed in the burned man,

be In a burnsd man there was svidente of depression of hemoglobdn Lovme~

tien after a 3rd degres burn of sbout 15 per cuut, whan sstinated by the
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sxtent of incerperation of heavy nitrogen frem srelly-fed FSwglyeine inte
hema, mw-mdwmurmmwwmummuu
about 126 days. The isctojdeally-labelled feeal steresbilin excreted by
this man demonstrated maximua destruotion of tagred erythrooytes st about
120 dayss It sappears this msthed 18 the most azgurate to detarming erytivo~

arte life span,

8¢ Iree

. WWMWWMW.IMI
charaoteristio pattern in the burvad man, the significance of whieh i
walown, mnmmwmrwunmmmmm

injury and dwring recevery,
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TARLE 1

wmorﬁsmmiummmmwwmu

Lwﬁt::ﬂ o5
cirevla hane An hews at 85 days pest-brarny
Peg Condition Wt. over period of 15 days aftor glyvine fseding
glyaine uptake
?. b 3 4
nhe — ﬁo e “‘J e adeind stered '15_
T Oontrol 18,1 8966 (2L7)¥ 0,218 L% 0.8
29 Centrel 20,0 15319 (hL22) 0100 19 0.2
14  jurn 18,3 70h2  (194) 0,012 0,08 0,00
17 Bun 16.3 4098 (148) 0.0h1 ey 0.0h
vadwuhmobunoormearmmwn normal
abundanoce of ,15
homin wideh we found to be O Mlﬂi!ﬁmmmm&.
™his increassd abundanos of is of the same sagnitude feund in ethar Oon-
pounds ol biologiaal origin, e.ge wrinary wrea, Ammomia and urie acid (30),

n,

*  pigures in parenthesss are the sverage tetal oireula hemoglotin
gver peried of glyoine uptake caloslatsd from 2 or J"irft‘:.n. mﬁ-
10 to 7 days after burns (140 ga hemoglobin equivalent te 34,3 mg hems).
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Change in total alreulating hewoglobdn at the day of glyuine feeding and
mmmumnﬁwmammwxmmm

- —~- — TR — - .
NN T T T IC T
feoding post-burn .
. h [ | - %
N Centrol 263 2 wi5e2 M7 o0
29 Comtrol L23 usé 7.8 422 00
P A R T I R
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4 mum 27 22 28eb 168 el
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mmmrmﬁmnmmmﬁntyémmrm

votal 5 15 axereted Per gent exorated wmﬂ
Dog Condition adainistersd uwine Leces wine feoss at 10 dl!!_
nide wg. /g g, e 13 s £ £
n Oontrol & N 356 L5 1 5247 0s76 8.3
16 Burn 6 L2é 18,0 63.1 2.67 Thed
17 Barn 2 RN 189 0.7 18,6 1.72 200
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LEOENDS FARt FIQUREB

Figure 1, Inoarporation of henvy nitregen from WiSeglyoine into heme ef
a durned dog which served as his own control: Oorrelation with ehanges

in total circulating hemogledbin, leusocytes and retisulouytes.

Figure 2. Wumahcawummﬂ&glmmumu
two burned dogs: Correlation with shanges in hemoglobin, leusooytes and

retisulocytes,

Fipwre 3. cwmmurmwuumm-eum«ﬂ‘w

peration into hems from Miuglysine in burned and norasl doghs
Figure he ﬂs-hnnminsmlm.

Plrure 5o Feoal urcbilinogen, wrinry urebiliscgen and urinary ooproe

porphyrin after thermal injury in the dog gcompared with a normel animsl,

*oure & Incorporation of isctopis mitrogen into hems and its appesrance
in feeal atercobilin in a burned wen given MlSuglyuine 11 days after

injury: Correlation with ahanges in hemoglodin, lousocytes and reticule~

arted.
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IBGERDS FOR FIGURES { osntinued)
Figure 7o Changes in serum ireo end eoppar, and Cree erythrosyte preto-

porphyrin, in man sfter thermel Anjury and during redovery.
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0.201 x*‘x
0.184 \
HEMIN N'® x

EXCESS
.14

0424

b

0.107

0.08-

0.061
0.044

0.02+4

0.00

DOG 3I (1951}

WHITE CELL
COUNT 60

X 10° C.MM +—+
404

RETICULOCYTES
IN % 2 ZO-J
o—o ol o
HEMOGLOBIN x.x\
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