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SUMM&RYVAND CONCLUSIONS

& form of hemoglobin‘which epparently 18 not wmctilve

in the transport of oxygen has been found in the blood

of four men acclimatizing to high altitude. This pigment
regembles other inactive pigments previously descrivhed by
Barken, &mmundsen, Roughton and others.

In amount ths pigment varied from 0.5 to 3.0 vols,
porcent during rest and wes always leds during exsrcise,
a3 comparsd to the average velue of C.45 vcls. percent
found in seventesn determinations on eight individuals at
gee level and during short periods of anoxis., ¥o con-
giateont relationship was found between the amount ¢f pig-
mant and blood lactic aclid, sugar, pHg, or the 'degree of
anoxie present. In the acclimatizing subjects there was
no consistent relationship of inactive pigment to ascorbic
gacid Intake, but three normal subjects demonstrated an
increase in iunsctive pigment during snd for a shoxt time

after a faw days of elimination of ascorbic acid fion
their dlets,

The inactive pigment is very lablile, velng readil)
activated by short periods of moderate exercise, and does
not appear to be methemoglobin as determined by & simpli-
fied photoelectrlic colorimeter (12).
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In th? course of a study of ar~ “imatization to high
altitude (1) it was noted that a - .11 but significant

vortion of the blood pigment in . v subjects did not
roadily combine with carbon monoxide or oxygen. This led
to further study, the results ef which strongly supLort
the findings of othsr investigators that an "inactive®
form of hemoglobin mey occur in human blood. This pre-
liminery report deals with the investigation of this

Rinactive pigment" during rest and during work under con-
ditions of chronic anoxliea, .

Barkan (2, 3) in 1925 described a ‘pseudo~hemoglobin®
in normel human blood which he believed-to contain tri-
valent iron end to be inactive in the transport of oxygen
within the body. His findings were strengthened by the
work of Taylor and Coryell (4) who consistently noted the
presence in normsl human and bovine blood of hemoglobin-
1ike substances which combined with oxygen or carbon
monoxide only after the blood had been completely reduced
vy treatment with hydro-sulfite, They found the ir1-n in
+this substance to be in the ferric form and pointed : -
&t the oxygen or carbon monoxide capacity of blood s
not give an accurate measure of the hsmoglobin content,
1f appreciable amountes of the “inactive pigment® are
prasent. ‘

Similar findings were reported by Ammundsen {(5) who
found that in 40% of blood samples taken from 53 normal
and 35 diseased persons there was present an amocunt of
inactive pigment greater than 0.5 vols. percent which shs
considered to be the limit of error of her gasometric
techniques. Roughton, Derling and Roct {6) confirmed
Ammundsen's findings and agreed with previous workers 1in
considering that the pigment was not methsmoglobin. This
curious form cf hemoglobin m y explain the finding reported
by Brooks (7) of as much as 104 non carbon monoxide com=
bining pigment in the bloods of control animals which she
attributed to an abnormal condition of the animals. The
guggestion by Roughton, Darling, and Root {(6) that the in-
sctive pigmant might increase during anoxia prompted the
study of this pigment in the four men who were acclimatiz-
ing to high altlitude. ' ,

KETRODS

Detailed descriptions of the expsrimental conditions,
the analytical techniques, and the complste blood determi~
netions are given elsewhere (1, 8). R |
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The amount of inactive pigment was cdetermined by the
difference bestween the carbon monoxide capaclity of blood
ba?ore and after treatment with sodium hydro-sulfite as
follows: Arterial blood was drewn into an iced syringe
conteining heparin-fluoride solution and brought irmedi-
avely to sea level for snalysis. Within seven to ten
minutes after drawing, twe ml. of blood were exposed to
eight ml. of 85% cavbon monoxide in & ten ml. syrings
which wes rotated at room temperature for three minutes,
The carlon monoxide was expelled, fresh gas introduced,
and the rotatlon continued for an additional three minutes.
This double sexposure to carbon monoxide insured against
incomplete saturation of the hemoglobin. All gas was
then expelled and the syrings plugged to prevent further
change in cerbon monoxide content until the blood was
analyzed by the Roughton Scholander technigue (9). Oxy-
gen and carbocw monoxide contents of the blood were deter-
mined on ancther sampls of the blood as drewn by the
combined method of Roughton and Scholander (9), and the
cxygen capaclity of the blood was csleulated by asubtrecting
the CO content from the (O capacity.

For the determination of total pigment a 0.5 ml,
sample of blood was treated with an equal amount of -
sodium hydrosulfite and saturated with carbon monoxide as
described above, The difference between the CO. capacity
of the hydro-sulfite treated blood and that of untreated
blood represents the amount of inactive pigment present.

These determinations, &s well as those of blood
sugar, lactic acld, and pHe were made during rest and
during a standard work test, and 21l bloods were handled
identically. DBecause ascorbic acid has been reported to
reduce other pigments such ¢s methemoglobin (10, 11), the
daily intake of escorbic acid was measured by a dietician.

RESULTS

‘The CO capacities of both treated and untreated blood,
and by their difference, the amount of inactive pigment
present are shown in Table 1, whilci: :1so contains the
values found on the same bloods for lactic acid, blood
sugar and pHg. In Fig. 1 are shown the values for active,
inactive, ang total pigment during rest and work in chrono-
logical order, which is spproximately the order of in-
creasing altitude. No correlation between ascorbic acid
intake and inactive pigment was found, and these data are
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not inciuded. Neither blvod nor urinary levsls of
gscorbic acid were measured, :

.One determinaticn of inective pigment, made on

Morris a month after return to sea level showed 0.4
vols. percent, |

& few sdditional studies were made of normal rest-
ing subjects at sea level. 3Ssventeen measuresients on
eight individuals geve an average value of 0.45 vols.
percent. Three of these individuals volunterily elimi-
nated ascorbic aclid from their diets, as far as this
was possible, for three to flve days. In every case
the amount of inactive pigment increased and remeined
elevated for several days after normal diet was resumed.
These fragmentary results are being studied more care-
fully and will not bs further discussed at present.

' DISCUSSION

The amount of inactive pigment found in the four
acclimatizing subjects during rest was greater in
nearly every case than can be expleined by experimen-
tal errcr (0.5 vola, %), It was alsc greater than the
average value found in seventeen measursments on 8
normal persons at sea level, and it was greater than
the values reported by other Investigators. During:
exercise the inactive pigment was usually less, and

never more, than during rest, as can be seen from
Figure 1.

Since the total pigment found during work was

nearly identical with that found during rest (when
both were determined), the two may reasonably be
assumeé tc be the segme in the other instanéesz when only
one was measured. Therefore, inasmuch as thé amount of
active pigment was less during rest than during work,
it 1s highly probable that the inactive pigmént was
always greater during reat than dur; work: When the
evidence is considered as & whols, i% 1s clsar that a
: pigment was present during rest whi % was nbt active in
4 the transport of oxygen, but which was 80 lkbile that at

4 least part of it was rendered active by sevdh minutes of
work at the rate of 2,530 ft.lb./mir., = Whéthér activa-
tion ocourred in vivo or in vitro wé ars uniable to k
state with assurance, though the former appéars the more
probable, . S
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Th@ data in Table 1 indicate that neilthsr lactic
acld, blocd sugar, nor pH,, were directly related to the
amount of inactive pi eng present, despite the demon~
stratlon by Roughton {6), Bareroft (10) and Dseny (1l1)
that any or these factors may effect the reduction of
other inactive pigments, notably methsmoglobin., In the
four acclimetizing aubjects there was no reletionship
between delly escorbic acid intake {which was frequently
very low) and the amount of inactive pigment (which was
usuelly high) in comparison to ths incressed amounts
{up to 1.5 vols.%) found in the three subjects who
restricted their intake of ascorbic eacic at sea level.,

The aversge valus of inactive pigment in normsl sub-
Jects at sea level agrees well with the findings of other
workers (2, 3, 5 6). When two men, shown to have Q.5
vols. percent or less of inactive pigment, wers taken to
20,000 feet over a period of one to six hours, using both
ncrmel breathing and voluntary hyperventilation there was
no significent change in the amount of inective plgme~t
dsapite striking changes in arterial pHgz, pCO2 and p. -.

These data indicate that during ecclimstization
{which is attended by a considerable increase in hemo-
globin) the. amount of inactive pigment increases above
the level found in many normal subjects at see level,

No direct relationship can be traced between *his inac-
tive type of hemoglobin and arterial pHg, pL.y, and pOg,
blood sugar or lactic acid. Some influence developing
during a brief period of exercise, greatly decreased
this {nactive pigment either in vivo or in vitro.
Although no direct relation betwoen ascorbic acid inteke
snd inective pigment could be found in the acclimatizing
subjects, there is some evidonce that such a relation

exists in persons at sea level. Thim relation requires
further elucidation,. !




o3

o
3,
4o

Se

7o
8,

9,
10,
11.

12,

.o : N 3,
!
o B

BIBLIOGRAPHY - - Y N

“'.o ! . \

Housten, C. 8. Research Project xP720,-Réport No. L.

Barkan, G., Zaits. Physiolo Chem., 148, 124, 1925.
Barkan, G. 38cience, 90, 617, 1839,

Taylor, D, S.; end C. D, Coryell, Je Am@ Chem. Soc..
80, 1177, 1938.

mundsen, Eeg J. B2ole. chemo, 138, 563’ 19410

Roughton, F., J. W, R. C. Darling, and W. 8. Root,

&m., Jour. Physiol;, 142 708, 1944, _
Brooks, M, M., Am. JOur. Phyaiol., 114, 160, 1936, ’

Riley, R, L., and C. 8, Houston, Research Project
X-720, Report Noo 4

Roughton, F. J. W., and P..F Scholander, Jour. Bioxo
Chem,, 148, 541, 1943,

Barcroft, J. Fsatures in. the Architecture of Ph:sio»
logical Function, Cambridge, 1934. .~

Deeny, J., B¢ T, Murdock, and J. J. Rogan, Brit. !.
J., 1:721, June, 1943,

Andrews, H. L., and B. L. Horocker, Rov. Scient. N
Instrumenta, 165148, June, 1945, :

L "‘33'3,“-‘-;,\4,3:,-,..;,’».-(}/_ et Lxpad




O L Y

PUNCNPON

-

R
R___E_ 8 T W O R X
]
.« Pigment~Vols.% R :&n Pigment-Voise¥ % B
Sk e 3 o 3 s S e
3 - e 3 3§ 2w & - e 3 3§ S, 'g.
< "*% o i © 2y QO - © »TY O o
5028 % 03 ¢ $9E; £ % 0% %3 8% 3y ¢
A e g & 8 3& 8% < & @ 5% ¥ 4
AP —
Z?%g }g 22,0 21.2 0.8 - - 7,48 .- - - - - 7 ohd
. - 1.6 = 21 - 7,51 £25,222,40 33 - 7o
7/19 18,5 23.7 22.8 0.9 . 22 119 Tedd B2 o2A0E B o 7eas
7/25 21 25.% £3.4 1.0 18 185 7.50 88,1 2¢.5 0.8 30 102 7.52
7/26 20 24,8 £3.8 1.0 21 97 7.5 26.0 24,0 1. 24 95 748
D/qﬁ S.L. 217 ) 21.3 0.4 23 - 737 22.2 E1l.9 0.3 eg - 7409
MCRRIS | | R
7/11. 15 26,0 24.0 2,0 18 e  7.62 £8.2 24,7 15 43 - 7.46
=718 17.6 20.8 £5.7 1.8 15° 79 7.54 £7.9 26,7 1.} 62 B9 7.48
7/21 12 36.0 93.8 3.1 £2 143 7,53 27.4 27,0 0.4 5l 114 Teld
7/23 20 25,1 23.8 L.9 - - - - - - - - -
7/26 21.5 27.8 25.8 2.0 19 102 7.52 87.6 27.86 0,0 36 100 7.50
/30 21 26,9 25.4 1.5 14 70 %.55 - = -’ - - -
3/6 SbLe « 13,6 = - = 745 , = 38,8 = - = T2,
HERTEL - .
7/t 11 - 206 = 18 - N.486 23,5 21.8 1D » 56 - 7449
7/12 15.5 L 916 = 80 = 7,51 24,322,817 38 - 7,81
7/17 18, - 22,9 - 18 98 7.85 - 25,0 83.4 1.6 30 83 783
7/22 19:5 24,7 24,2 08 13 94 7.62 - 25,0 .« 26 85 7.6
n/27 22 26,6 25.8 0.9 23 101 7.5 26,0 86.8 0,3 - 86 7.53.
7/31 20" 27.2 2641 1.1 12 79 78 - - - 28 - 785
WILKINS )
7/6 12 - 2L8 - 18 = T.47 84,0 22,8 1,8 30 - 744
7/13 16 - 23,7 = 16 e 7.8 28¢1 24,6 0.5 32 - 749
7/18 18 T 531 - 17 99 7.50 24,3 24.40.,0 32 38 7447
/23 20 27,0 25.8 2,1 12 93 7.49 - 08,2 o 30 94 748
7/26 21 27,0 26,318 = = = - - - - = -
R ms mmid gog o2 D lotoDg
728 gQ . N - , - - - - - -
3;1 20 28,5 7.8 1,5 14 200 7,52 £0,0 28,3 0.7 - - 7.53




i
Best Available Copy

Ly
% Q-vu?*if;%’?@ e
I e

AN,

;Skw A > il

=)
AN

e ————

CTTT TSNS

3 3 [ 2 L] <
mom = ©» O 2
A OB OB N N o

. ;
i
M N

% SIDA AN3IRON

4
-

A

Lee e a B

o D b e LY S e

9

G N NG N N S N A N N NN N
s N AN NN AN N N S NSRRI SN S S
ORI ol

SR S

e

AT
X0

§f

T

at
Wi

L. 0%

L.

ERTE

4
'

MORRIS,

MCNUTT



