NAVAL BLOOD RESEARCH LAB BOSTON MASS ' F/6 6/1 --
THE PHYSIOLOGICAL ROLE OF RED CELL 2,3 DPG IN OXYGEN TRANSPORT. (U) o

AUG 73 C R VALERI

NL

END

DATE
FILMED

5-77

AD=A039 082
UNCLASSIFIED

[ o |

wu03Ie0a2




H" 10 &2 2
il X

I e
T lllllé
22 Tt e




!

Sonder;lruck aus:

ABHANDLUNGEN DER AKADEMIE
DER WISSENSCHAFTEN DER DDR

Jahrgang 1973

"ADA039082

VIL Internationales Symposium
iber Struktur und Funktion der Erythrozyten

Veranstaltet von der Biochemischen Gesellschaft der DDR
in der Deutschen Gesellschaft fiir experimentelle Medizin und der
Akademie der Wissenschaften der DDR

RETBUTICN ST ENT &
Ap;'.:.:»e'c'!‘ for pubiie release;
f_t‘*.:'jhon Unlimited

a0 NO.
DOC FILE copY




l"llllllllllllnean!gu--!-qggm--asunuuzzggn e o : , —
g D2 ! B T TR ater e e ——

&,
’///) Unclassified

Security Classification

DOCUMENT CONTROL DATA R&D

1ty classificati of title, body of abstract and indexing station must be entered when the overall report is classified)

2a,. REPORT SECURITY CLASSIFICATION

" Naval’ ﬂioo& Researéh Laboratory
82 East Concord Street Unclassified

2b. GROUP

Boston, Massachusetts 02118 “

EPQORT TIT

) PHYSIOLOGICAL ROLE OF RED CELL 2,3 DPG IN OXYGEN TRANSPORT

4. DESCRIPTIVE NOTES (Type of report and inclusive dates)

Proceedings of the VIIth Internationa] Berlin Symposium on Structure and Function (Conf. 11

5. AUT RS aduizss. name - MTHAre nitlal, last name

CAPT|C. Robert &aleﬁ MC, USNR

6. REPOR T )Ar( ‘-' 7a. TOTAL NO, or LA#E? YB.\NO. OF REFS
-22 5 Augu(§‘1973 ; WL 414 20

Ba. CONTRACT OR GRANT NGO 9a. ORIGIN »foR 5 REPORTF NpMBERfS)

Program Element: 63706N & 61151N ‘ |
b. PROJECT NO. 1 5
Task Area Number: MPN06.01 & MR041.02.01 wh,. #41
& 9b. Oh‘_r.HER RIEPORT NO(S) (Any other numbers that may be as JA »d
Work Unit Number: 0012 & 0017 R
10 DISTRIBUT!ON’SY\A‘?E}T{N? | { i .. ; ———

i/ 4 ; ' 2 / A ior public rclease;
No. 1 =% Listiibuton Unlimited
- ' ’ of 4 4 " 4 { A ol o B e e e
jlf[ LML!L_A_'A i ’_AJ_.'%L

11. SUP PL EmMEnPar Y O TES g - 12. SPONSORING MILITARY ACTIVITY

of Erythrocytes. 22-25 Aug. 1973, Berlin, | Naval Medical Research & Development Commapd

Akademie-Verlag, Berlin (ODR), pp 297-307.|National Naval Medical Center
Bethesda, Maryland 20014

—fhe physiologic role of red cell 2,3 DPG has been studied in various situations.

Healthy volunteers were studied after exposure to a simulated altitude of 4,500 meters
Stable anemic recipients were studied to determine the effects of therapeutic trans-

fusions of red cells with low 2,3 DPG and high affinity for oxygen, and the effects
of transfusion of red cells with 1-1/2 to 2 times normal 2,3 DPG levelsS> Hyper-
ventilated, anemic baboons were studied to determine the effects of therapeutic
transfusions of red cells with high 2,3 DPG and low affinity for oxygen and of red
cells with low 2,3 DPG and high affinity for oxygen S

7The red cell 2,3 DPG level affects the in vivo P> value which, in turn, affects
29 cell 2,3 DPG level has been shown

erythropoietin production In the baboon, the r
to increase oxygen delivery to tissue and decrease blood flow requirements to
maintain oxygen consumption. In hyperventilated, anemic baboons, red cells with
decreased 2,3 DPG and increased affinity for oxygen produced a significant increase
in cerebral blood flow. The mechanism by which red cell 2,3 DPG affects cerebral

blood flow is not known.\ When red cells with 1-1/2 to 2 times normal 2,3 DPG levels
were transfused, the 2,3 DPG level in the circulation usually remained increased for

3 days after transfusion. cell 2,3 DPG is involved in oxygen transport by its
effect on red cell production via erythropoietin production and by its effect on
oxygen delivery to tissue via its ability to decrease red cell affinity for oxygen
and to decrease blood flow.
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Naval Blood Rescarch Laboratory, Chelsca. Mass. USA

The Physiological Role of Red Cell 2,3 DPG in Oxygen Transport
By

C. R. VALERI

Oxygen transport is a complex biologic interrelationship involving ventilation, blood flow, red cell-
hemoglobin mass, and red cell affinity for oxygen. Red cell affinity for oxvgen in vivo is influenced
by the character of the hemoglobin, the body temperature, the blood pH and P,. the carboxyhemo-
globin and methemoglobin levels, and the red cell levels of 2.3 DPG. ATP, and inorganic phosphorus,
Since the reports of BExgsci and BeNgsct [1] and of Cuaxurin and Curyisy [2] indicating a direct
relationship between the 23 DPG level and the hemoglobin affinity for oxygen, there has been con-
siderable discussion of the physiologic importance of red cell 2.3 DPG in the preservation of red cells.
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This p,;pm reports aseries of observations made in our laboratory over the past 5 years regarding
red cell 2.3 DPG and oxygen transport in man and in baboons. We have studied [1] the effect of red
cell 23 DPG on Afflml.\ i reiro and the subsequent effect on ervthropoietin production in normal
male volunteers exposed to a simulated altitude of 4,500 meters; [2] the effects of red cells with low
2.3 DPG levels and inereased affinity for oxvegen. and red cells with elevated 2.3 DPG levels and de-
creased affinity for oxygen transfused to hyperventilated. anemic male baboons; [3] the effects of red
cells with low 2.3 DPGlevels and inereased affinity for oxyvgen trnll\'fll\'t'(l to stable anemic recipients;
and [4] the effeets of therapeutic transfusion of red cells with 1 1/2 to 2 times normal, 2.3 DPG levels
on red cell affinity for oxygen /n rivo in stable anemic recipients.

The Py, value in viro is a reflection of how the red cells are affected by pH. Peg,. temperature, red
cell 23 DPGLATP. and inorganic phosphate levels, and carboxyhemoglobin and methemoglobin levels
(Fig. 1) [1--5]. The Py, value can be estimated by measuring the per cent saturation and the P, in

1}
1

A8’

. 287

'ls:q
Yun
e

NSNS,

V.
901,533 3}

)

0pm nity
£3000 ALIMSVIYAY NOLLAZIEISIG
w




each of two venous blood samples, or by measuring these in one venous blood sample and nsing an
assumed slope (n — 2.7) of the oxyhemoglobin dissociation curve (Fig. 2). The P, was measured at
37 (" and the value was corrected to the temperature of the patient. A decrease in red cell affinity for
oxygen is associated with increases in hydrogen ion concentration, temperature, P . and red cell
2.3 DPG. ATP. and inorganic phosphate levels (Fig. 1). An increase in red cell affinity for oxygen is
associated with decreases in hydrogen ion concentration, temperature, Peg,. and red cell 23 DPG,
ATP, and inorganic phosphate levels, and with increases in carboxyhemoglobin and methemoglobin
levels (Fig. 1).
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In the study of healthy volunteers exposed to a simulated altitude of 4500 meters, the i vivo Py,
value was estimated from venous blood obtained anaerobically from an antecubital blood sample
without stasis while the subject was at rest. The /n vivo Pgy value was estimated fron the per cent
saturation and the Py, of the venous blood sample and an assumed slope of 2.7. During the 6 hours of
exposure to simulated 4.500 meters the i vivo Py, decreased from 28.6 1 LO mm Hg to 25.6 4+ 1.2 mm
Hg. at a time when the arterial Peo, decreased from 38 to 33 mm Hy, arteriad P, decreased ta 70 min
Hg. and the arterial pH rose from 7.40 to 7.46 (Fig. 3) [6]. Arterial hypoxemia and alkalosis stimulate
an increase in red cell 2.3 DPG during hypoxic exposure (Fig. 4) [7. 8, 9]. Lenfant and co-workers [7]
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Fig. 3. Mean - standard deviation of arterialized capillary blood i :/' e ‘L\\‘d///,—“
pH and in vico P, value in 6 healthy volunteers prior to and dur i el
ing 24 hours of exposure to simulated altitude of 4.500 meters, The oL 4 b
upper panel shows the values during a control period, and the lo-
wer panel shows the values when 250 mg of Diamox (acetazolamide)
was given every 8 hours beginning 24 hours prior to exposure /4
(MiLLeR et al., 1973).
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reported an inerease followed by a decrease in urinary erythropoictin excretion in subjects exposed to
high altitude. Miller and associates [6] reported that about I8 hours after exposure the ervthropoietin
level reached a maximum, and returned to normal within 24 hours of exposure (Fig. 5). They found
that in both the serum and urine the initial increase and subsequent decrease correlated with the
i eivo Py value of the oxyhemoglobin dissociation curve. The erythropoietin-producing cells of the
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posure to 4,500 meters of simulated altitude [
during a control period and after treatment
with Diamox (MiLLer et al.. 1973).
£ 12 8
hours of exposure af <500 meters "
304 serum 1
. o control (n-3) |
xe— —x dramax (n-5)
1 SEM l
v, :l. i e
/ |
20} o
|
a4
~x
"
2 45
a
Q
xS
B
10+
Fig. 5: Average serum erythropoictin concentration |+ 1 SEM in 05\ /-\ —~
5 volunteers after exposure to 4,500 meters of simulated altitude

during a control period and after treatment with Diamox (MiLiLeg
et al., 1973).
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Kidney apparently monitor the per cent saturation of the blood in the venous portion of the micro-
circulation. When the /v vivo Pgy value decreased, reflecting an inereased red cell affinity for oxyveen
erythropoictin was produced (Figs. 3. 5). The increased blood pH and low Peo, stimulated an increase
in red cell 23 DPG which, in turn, decreased the red cell affinity for oxygen when the pH and Peg,
were constant (Figs. 3. 4). The decrease in red cell affinity for oxygen as a result of the increased 2.
DPG produced a decrease in erythropoietin production (Figs. 3. 4, 5). MinLer and associates [6] showed
that treatment of the healthy volunteers with Diamox (250 mg 4 times a day) 24 hours prior to and
after exposure to 4,500 meters prevented the alkalosis and the decrease in the i eivo Py value, and
blunted the erythropoietin increase in the serum and urine (Figs. 3. 5). They also found that treatment
with Diamox significantly inereased the red cell 23 DPG and serum inorganic phosphorus levels
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(Fig. 4) [6]. Lexeaxt and co-Workers [7], in a study similar to ours, found no inercase in red cell
2.3 DPG. The increase observed in the study of MiLLer and associates [6] was probably a result of the
increase in plasma inorganic phosphorus.

Baboon red cells, like human red cells, undergo a loss of 2,3 DPG and an increase in affinity for
oxygen during storage in the liquid anticoagulant citrate-phosphate-dextrose (CPD) [10]. Like human
red cells, they can be rejuvenated with a solution containing pyruvate. inosine, glucose, phosphate.
and adenine (PIGPA), a procedure which increases the red cell 2.3 DPG and ATP levels to about
1—1/2 times normal. The red cells are washed prior to transfusion to remove the potentially toxic
substances used in the rejuvenation procedure [11]. The physiologic effects of transfusing red cells low
in 23 DPG and with increased affinity for oxygen have never been clearly elucidated. We studied
baboon red cells that were stored in CPD for 2 weeks and washed prior to transfusion (red cells low in
2.3 DPG and with increased affinity for oxygen) and red cells stored in CPD for 2 wecks, rejuvenated
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Fig. 9. Changes in red cell 2,3 DPG and ATP and blood inorganie
phosphorus levels prior to and 1 hour after hyperventilation, 1 hour
after phlebotomy (2 hours after hyperventialtion), and thronghont
the 4-hour period following the transfusion of red cells with high or
low affinity for oxygen. .
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with PIGPA, and washed prior to transfusion (red cells high in 2.3 DPG and with decreased affinity
for oxygen) [12]. The baboons were anesthetized and passively hyperventilated by inereasing the tidal
volume and the respiratory rate. They remained hyperventilated throughout the study. After one hour
of hyperventilation, an acute phlebotomy of approximately 500 ml of blood reduced the red cells by
ahout 35", Blood pressure and hlood volume were maintained by infusing sodium chloride solutions
in an amount 2 to 3 times the shed volume of blood. Red cell affinity for oxyeen /n eivo was estimated
from a blood sample obtained from the pulmonary artery and one from the jugular vein, and the wiean
value is reported (Fig. 6). The in vivo Py, value was about 34 mm Hg prior to hyperventilation, and
about 26 mm Hg after 1 hour of hyperventilation. at a time when the arterial Peg, was 20 mm Hg, and
the pH was about 7.6 (Fig. 6). A decrease in the in eivo Py, from 34 to 26 mm Hg was associated with
hyperventilation, but it produced no change in oxygen consumption, cardiac output, or cerebral hlood
flow (Figs. 6, 7, 8). The Py, decreased by about 10 mm Hg in the pulmonary artery, and by about
17 mm Hg in the jugular vein. The greater decrease in Py, in the jugular vein was associated with a
decrease in cerebral blood flow. Hyperventilation was associated with a decrease in red cell and plasma
inorganic phosphorus levels (Fig. 9). There was no change in oxygen consumption, cardiac output,
or cerehral blood flow following the phlebotomy and infusion of erystalloid solutions (Figs. 7. 8).
Preserved red cells with 2,3 DPG levels of 3.0 uM/g Hb, ATP levels of about 3.0 pM/g Hb. and Py,
values in vitro of about 24 mm Hg (measured by the BELuiNaimam and Hugnss procedure [13]. or red
cells with 2.3 DPG levels of 18 uM/g Hb, ATP levels of about 7.0 pM/g Hb, and Py, values in vitro of
about 41 mm Hg were rapidly infused into the hyperventilated, anemic baboons. The transfusion of
red cells with low 2.3 DPG and high affinity for oxygen produced no significant change in oxygen
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consumption, a slight but insignificant increase in cardiac ontput, and a highly significant inerease in
cerebral blood flow (Figs. 7, 8). The Py, value increased in both the pultionary artery and the jugalar
venous blood samples. Immediately upon infusion there was a 3 mm Hg decrease in the v vivo P
value and a decrease in the red cell 2.3 DPG level (Figs. 6, 9). During the 2-hour posttransfusion period
the cerebral blood flow decreased to pre-transfusion levels, and this decrease was associated with a
rapid increase in red cell 2.3 DPG (Figs. 8, 9) [ 14, 15]. The rapid increase in 2,3 DPG in baboons trans-
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fused with red cells low in 2.3 DPG was associated with an elevation in pl to about 7.6 and a decrease
in the plasma inorganic phosphorus level. The in rivo Py, value did not increase during the 2-hour
posttransfusion period, since with the increase in red cell 2.3 DPG there was a corresponding increase
in blood pH. The changes in cerebral blood flow were not accompanied by changes in the i eivo Py,
value (Figs. 6. 8). When the baboons received red cells with 2.3 DPG levels about 112 times normal
and decreased affinity for oxygen, there was no change in oxyvgen consumption, and the decrease in
the cerchral blood flow or cardiac output was insignificant (Figs. 7, 8). The transfusion of red cells
with low affinity for oxygen increased the /u wivo Py, value by 3 mm Hg (Fig. 61, The 2.3 DPG level
increased during the 2-hour posttransfusion period, suggesting that there were substances in the
rejuvenated red cells which were converted to 2.3 DPG after transfusion (Fig. 9). The P, values were
similar in the pulmonary artery and jugular venous blood whether the haboons received red cells with
high or low 2.3 DPG levels. The anto-regulation of cerebral hlood flow was apparently influenced by
the 2,3 DPG level and not by the i vivo Pgy value or the Psg, Jevel of the jugular vein (Figs 6, 9. In
baboons transfused with red cells with elevated 2.3 DPG levels, the red cell 2.3 DPG level decereased
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to a normal value over the 24-hour posttransfusion period; in the baboon transfused with red cells
with low 2.3 DPG levels, the red cell 2.3 DPG level increased to a normal value over the 24-hour post-
transfusion period.

In another study, stable anemic recipients with slightly elevated blood pH were transfused with
3 to 5 units of washed, hqlud -stored red cells low in 2.3 DPG and with increased affinity for oxyvgen
[16]. The cardiac index increased immediately after the transfusion and it returned to normal within
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4 hours of the transfusion. The difference in oxvgen content between the femoral artery and pulmonary
artery decreased immediately after the transfusion, and within 4 hours after transfusion it was within
normal limits. During the 4-hour posttransfusion period the increase in oxyvgen extraction from the
systemic circulation was associated with an increase in red cell 2.3 DPG [16]. As in the baboon studies,
the pulmonary artery P increased immediately after the transfusion. Circulating red cells with
increased affinity for oxyeen i e/vo may pose a demand for inereased blood flow or ereater extraction
of oxygen from the red cells, or both. Since it is difficult to assess Py in tissue, mixed venous blood Py,
is usually measured. This measurement reflects the combined effects of blood flow to tissue and the
oxygen consuniption by tissue, but it does not usually reflect the red cell affinity for oxyveen.

The well-being of sonie patients may be placed in jeopardy if they are not able to meet the demand
for increased cardiac output following transfusion of preserved red cells with high affinity for oxygen.
Patients who require transfusion usually have clevated 2.3 DPG levels (Fig. 10) [17]. Thus, red cells
with 1T—1/2 to 2 times normal 2.3 DPG levels should be transfused to improve oxygen transport during
the 24- to 72-hour posttransfusion period without demanding an increase in blood flow. Red cells can
be stored in CPD at 4 C tor 2 days before incubation with a PIGPA solation [11. 18 - 20]. After incn-
bation at 37 C for 1 hour, red cells with elevated 2.3 DPG and ATP levels can be prepared. The red
cells are then ready for glycerolization and freczepreservation with either 400 0 W'V glyveerol and
storage at —80 C or with 20, W/V glyeerol and storage at —150 ¢ (Fig. 11). The 2.3 DPG levels of
the transfused red cells will usually remain elevated for 2 to 3 days after infusion (Figs. 12, 13). Simple
systems for washing previously frozen glycerolized red cells are now available for widespread clinical
use. The washing procedures remove the adenine and inosine used in the rejuvenation solution. As
many as 6 units of red cells with 112 to 2 times normal 2.3 DPG have been transfused to a single

patient (Fig. 12).

Summary

The physiologic role of red cell 2.3 DPG has heen studied in various situations. Healthy volunteers were studied
after exposure to a simulated altitude of 4,500 meters. Stable anemic recipients were studied to determine the
effects of therapeutic transfusions of red cells with low 2.3 DPG and high affinity for oxygen, and the effects of
transfusion of red cells with 1 1/2 to 2 times normal 2.3 DPG levels. Hyperventilated, anemic baboons were
studied to determine the effects of therapeutic transfusions of red cells with high 2.3 DPG and low affinity for
oxygen and of red cells with low 2.3 DPG and high affinity for oxygen.

The red cell 2.3 DPG level affects the in cive P, value whick, in tarn, allects erythropoietin production. In the
baboon, the red cell 2,3 DPG level has been shown to increase oxygen delivery to tissue and decrease blood flow
requirements to maintain oxygen consumption. In hyperventilated, anemic baboons, red cells with decreased
2,3 DPG and increased affinity for oxygen produced a significant increase in cerebral blood flow. The mechanism
by which red cell 2.3 DPQ affects cerebral blood flow is not known. When red cells with 112 to 2 times normal
2.3 DPG levels were transfused, the 2.3 DPG level in the eirculation usually remained increased for 3 days
after transfusion. Red cell 2,3 DPG is involved in oxygen transport by its effect on red cell production via erythro-
poictin production and by its effeet on oxygen delivery to tissue via its ability to decrease red cell affinity for

oxyeen and to deerease blood flow.
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Discussion
Larorort, 8., Berlin (DDR):

1. Is it not likely that erythropoietin production is strongly affected by pH? The effect of Diamox to inhibit the
erythropoietin production consists in a lowering of pH.

2. It would appear that the alkalosis with its effects on blood flow, inorganic P, and cellular metabolism, and the
0,-dissociation curve have a complex importance. It may be that for such reasons the venous Py, tells us little
what goes on.

3. 1 think that P, is quite important, both for the DPG level and in its effects on tissue cells. You had some
variations which are not clear to me.

VavLert, Chelsea:

Thank you Professor Rarororr for your stimulating questions. Regarding mixed venous Py, our data suggest
that this measurement is more a reflection of blood flow than of red cell affinity for oxygen. Our studies showed no
relation between red cell affinity of preserved red cells and mixed venous Py, when adequate blood flow is main-
tained. In the baboon the P, fell by 10 mm Hg in the pulmonary artery. and by 17 mm Hg after 1 hour of hyper-
ventilation, during which time the red cell Py, value in vivo decreased by 7 mm Hg. cardiac output did not change,
and cerebral blood flow significantly decreased. We have not found that the affinity for oxygen of preserved red
cells influences the mixed venous P, level when adequate blood flow is maintained.

2egarding your second question, it is possible that pH has a direct effect on erythropoictin production, and this
action may have contributed to the reduced erythropoictin production in the Diamox-treated state. However,
our data do not permit any conclusions in this respect.

In answer to your third question regarding the role of inorganic phosphate and factors influencing plasma
phosphorus, the level of plasma inorganic phosphorus falls significantly with alkalosis and hypocarbia. Plasma
inorganic phosphorus translocates from the blood into the tissue, and urinary phosphorus exeretion is significantly
reduced. As Dr. Rapoport noted, the plasma inorganic phosphate level inereased immediately after transfusion
because the washed red cells were suspended in a glucose-phosphate-sodium chloride solution (Fig. 9). As seen in
Fig. 9, there was a significant decrease in the plasma inorganic phosphate level during the 2-hour posttransfusion
period in the baboons who received red cells with low 2.3 DPG and increased affinity for oxygen. The decrease in
plasma inorganis phosphorus was associated with the increase in the red cell 2.3 DPG level that occurred during
this period. Understanding the control of plastia inorganic phosphorus metabolism is very important in under-
standing the complicated problem of oxygen transport.

Mixakamr, Fukuoka:

We would like to present results of 2,3-diphosphoglycerate (DPG) analyses routinely carried out at National
Nakano Chest Hospital for patients of thoracic diseases. The aim of this discussion is to analyze the relative con-
tributions of three factors, namely, pH, Pa0O, and hematocrit values, on the DPG level.

Notable correlation was found between DPG and arterial pH as shown in Figure 1. This is in agreement with the
in vitro observations. Similarly, negative correlation was found between DPG and hematoerit values in a group
with physiological arterial pH, as shown in Figure 2. As acidotic and alkalotic cases were excluded, the often
discussed contribution of hypoxic alkalosis may be neglected. Fig. 3 shows the dependence of the DPG level on
Pa0, in cases with physiological pH and hematocrit values. Although the increased level of DPG was observed in
cases with low PaQ,, relatively poor correlation was found.

100 ¢ 23-DPG ATP
. m)  (umoles/q Hb) |
~ R W 202 49 PIGP (Sol A)

L 350 19.3 43 PIGPA(Sol.A)
AL A 21§ 59 PIGPA(Sol A)

% Survival (ADA)
T

FFig. 1. The correlation between pH and DPG ; | el I BAEER Y
0 20 40 60 80 100

Days affer transtusion

305

20) Rapoport




N o

o

&

w

2.3 DPG (pumoles/ml cells)
N »

~N

S

2.3DPGfumoles/ml cells)
N w + (O a ~

-

g

2.3 DPG (moles/ml.cells )
@ > [T L]

N

23 DPG vs Ht

x-PaQ0 = 50mmHg

Fig. 2. The correlation between
hematocerit and DPG

Fig. 3. The correlation between PaQ,

%_ e
| L
e«
.
- <R
L .
.
-
1 | 1 1 | 1
10 20 30 40 50 60 Ht %
2.3DPG vs Pal, 7.355 pH £ 745
TR HE 235%
s ‘ ® o -;;z.:'.:‘ 2
. .“\:-.
L See
o LT 1 | It | | | | | |
0 20 30 40 50 60 70 80 80 700 PaOrmmHg

and DPG

Fig. 4. The correlation be-
tween PaO, and DPG in
cidotic and alkalotic gronps

o
% Q,0 [
L o
o° - o
0
o } o
3 e °
L oL ¥ * o
L L]
® .. : oe ®
® o
- ®
o pH2 7.45
B ® pH<7.35
| | il 1 1 el 1 |
30 40 50 60 70 80 90 700 P30, (mmHg)




J
i
In connection with the influence of pH and Pa0,, we would like to show Figure 4, which indicates the different
effect of PaO, in acidotic and alkalotic groups. Although the numbers of cases are not sufficient to give definite
conclusions, we would like to suggest that in an alkalotic group, the correlation is negative, while the tendency is
observed to have a positive correlation between DPG and PaO, in an acidotic group. If this tendency is definite,
the explanation may be that in acidotic cases, the oxygen affinity curve is shifted to the right so much by Bohr
effect, that compensation to shift back the curve to proper position is working in hypoxic state to transport more
oxygen, by decreasing DPG level.
Mean and standard deviation of DPG in each group is shown in Table 1.
: Table 1
3 Dependence of Red Cell DPG on pH, PaO, and Hematocrit
Physiological (pH 7.35--7.45, PaO, == 80 mm Hg and Ht
n = 50 4.89 4 0.46 (wmol/ml cell)
J Dependence on pH (other conditions physiological)
i
: 730 n= 19 413+ 0.79
p 7.31-17.356 25 447 + 055
7.36-7.40 105 5.29 + 0.59
T41--7.45 54 5.35 1 0.56
7.46 18 5.80 4 0.80
Dependence on Ht (other conditions physiological)
z 30 10 6.58 & 118
[ 3135 34 S 082
: 36 40 50 5.47 4 0.65
41 45 46 486 1 0.64
46 19 4.80 1 096
Dependence on Pa0, (other conditions physiological)
S0 19 5.68 -+ 0.67
50— 70 31 5.40 4 0.73
7090 e 4.99 4+ 047
90 49 4.93 + 0.47

pE VeERDIER, Uppsala:

DPG depletion in the erythroeytes means increased oxygen affinity and a sufficient amount of oxygen can be
delivered either by increasing the blood flow  as you have shown

|

or by decreasing the venous Py, as some
other investigators have shown. Almost all oxygen consuming enzymes in the tissues have extremely low Ky-
values for oxygen. Therefore they ought to function well also at very low oxygen tepsions. You have reported the
interesting finding that an increase in DPG will decrease the secretion of erythropoictin. It could then he suggested
that the main function of DPG is not to increase oxygen tension in the tissues, but to shut of the erythropoietin
production. A prolonged erythropoietin production could lead to a too high hemoglobin production as there is a
considerable lag time between the increase of the erythropoietin production and the response on the hemoglobin

concentration in the cireulating blood. Would you care to comment on this suggestion which I know vou have
considered?

i s s B £

Vareri, Chelsea:
I agree with Dr. pe Verpier that red cell 2,3 DPG influences the red cell affinity 1o civo and that the o vivo
! affinity state of red cells is related to erythropoictin production. The effect to red cell 2.3 DPG on red cell affity
| in vieo and erythropoicetin production is a slow adjustment in the oxygen transport systen. Unlike Drone Vierpien,
! U believe that ved cell 2.3 DPG may be very important in the transtusion of seriously il patients. Our lahoratory
d has reported on the preservation of human red cells with 1 1/2 to 2 times normal 2.3 DPG using hguid and freezing
1 procedures, and of red cells rejuvenated with solutions containing pyruvate, inosine, glucose, phosphate, and ade-
nine. After washing, rejuvenated red cells have good posttransfusion survival and decreased affimity for oxygen.
Preserved red cells with 1 1/2 to 2 times normal 2,3 DPG levels may be important in patients with compromised
cardiac and cerebral cireulation. Our laboratory is now studying the transfusion of red cells with low, normal,
] and 1 1/2 to 2 times normal 2,3 DPG levels to determine their effects on myocardial function in patients under-
going extracorporeal circulation. Red cells with increased 2,3 DPG (1 1/2 to 2 times normal) will usually circulate
for 24 hours to 3 days with decreased affinity for oxygen, and during this period may reduce the heart and blood
flow requirements for maintaining normal oxygen transport.

i Viersyorn, Mianchen:
| Discussing the direct effect of low blood O, affinity it had been assumed, that an impairment of the microsomal
! O, consnming system (mixed function oxidation) might occur at a higher critical P, than of the mitochondrial
respiratory chain. In the model of the Hb-free perfused rat liver the redox state of the microsomal eytochromes
; P-450 and b, as well as of the mitochondrial eytochromes b, ¢, aay has been directly registered by transmittance
stectroscopy (Brauser 1968).
4 With decreasing P, the reduction of microsomal and mitochondrial evtochromes oceured simultancously.,
i mdicating that in the intact organ there is no significant difference in O, sensitivity of these systems. b
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