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Progress Report for Contract No. DA1 7—73—C-3l35 November 1, 1976 to March 31, 1 978

1. Effects of contrast materials on red cell membrane potential and
the pH of plasma and red cells.

Rad iogra phic  cont ras t ma te r i a l s  added to blood reduce the red
cel l membra ne poten t i a l  by b a l a n c i n g the i nter nal im pene trabl e a ni ons ,
hemoglobi n and organic phosphates. In so doing , a redistribution of
protons occurs such that plasma is acidified. The time course of acidification
of p lasma is measur ed i n seconds , wi th a nadir of pH occurring 12 to 15
seconds, after addition of Hypaque (1.5 to 3.0 m l/lO ml blood) and a half-
time of acidification requiring about 6 seconds. The acidifi cation process
is slowed in part by an initial alkalosis due to Hypaque. The acidification
of blood is more rapid after addition of Renografin (1.5 to 3.0 m I/lO ml
blood) than after addition of Hypaque si nce the for mer solu t ion is s l i g htl y
acidic. The time course of plasma acidific ation indicates that a maxima l
reduction in blood pH may not occur in the capillaries of reg iona l circulation
followin g injection of contrast materials into its afferent vessel , s inc e
the t rans i t t ime of the con tras t ma ter ia l  may be less than the t i me requ i red
for maximial acidification of plasma .

The ra te of a c i d i f i c a t ion of plasma is a func t ion , p ri ma r i l y
of the hydration of carbon dioxide to form carbonic acid. Since this is
not enzyma ti c a l ly  med ia ted in  p lasma, the react ion t ime is measured in
seconds. Following addition of Hypaque to blood , the f u l l  decrem en t in
pH required about fifteen seconds to occur at 37°C. The changes were
complex in that pH rose initially due to the alkaline nature of Hypaque
solut ion and subsequentl y pH fell. Major reductions (> 0.2 units) required
about 6 seconds to occur follow i ng addition of Hypaque to blood . During
this time pH actually changed by 0.3 units if one considers the initial
a lka lo s i s , when 3 mls of Hypaque were added to 10 mIs of blood . Follow i ng
add ition of Renografin , the ini tial alkalosis was absent and the acidification
of plasma occurred more rapidly and was intensified since it was the result
of a sli ghtly acidic solution coupled with the effect of contrast materials
on the red cell membrane potential. Nevertheless , a reduction of >0.2 units
of pH , in the presence of 3 mls of Renografin per 10 ml blood , req ui red
3 seconds to occur.

These studi es ind i cate that a) the nature of the contrast material ,
b) the site of injection and c) the transit time of the contrast material-
blood sol ut ion , are Im portant factors in determining the pH of blood in
a regional capillary circulation. A bolus injection into an artery supplying
an organ (eg. coronary or cerebral artery) may result in transit of much
of the contrast material prior to achiev i ng the nadir of blood pH.

2. The role of hemoglobin-oxy gen affinity in oxygen transport during
congestive heart failure.

We have examined the in terrelationships among blood oxygen
con ten t, blood f low , oxygen bi nd i n g by hemoglobin and oxygen consumption
i n cardiac patients with and without chronic cardiac decompensatlon. We
have quantified the role that decreased oxygen-bind i ng to hemoglobin may
play In maintaining oxygen consumption in the presence of low systemic blood
flow rates.
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The vol ume ra te of oxygen de l ive ry  to t iss ues was exp ressed
as the arterial oxygen flow rate i ndex (OFI a), the p rod uct of oxygen
content and blood flow. OFI a varied from 738 to 262 mls 

~2 
min 1 . m2~~

whereas oxygen consumption (
~O2) 

varied from 170 to 117 mis 02 m 1 n 1
rn2 l . Thus, mean 

~~~ 
fell only 19% despite a mean decrease in OFI a of 63%.

V02 was main ta i ned because the extraction of oxygen rose from about 20%
to 50% in close association with the decrease in OFI a.

Oxygen b i n d i n g to hemoglobi n decreased as 0
~
’1 a decreased. At

in  vivo condi t ions of pH , PCO2 and tempera ture , P50 in vivo rose; this
facili tation of oxygen release at the P02 of tiss ue capillaries could
exp la in  abo ut one th i rd  of the observed i ncrease in oxygen extract io n
as OFI a fell. An al ternative interpretation is that an increase in
P50 in vivo mi nimizes the reduction in mixed venous P02 needed to ma i n ta i n
V02 when incr easing proportional extraction of 02 compensates for decreasing
OFTa.

3. Gracilis muscle model for studies of oxygen transport
We have developed an isolated muscle model to test the

hypothesis that altered hemoglobin-oxygen bind i ng can influence tissue
oxygen uptake when blood flow and arterial blood oxygen content are
held constant (Figure 9). The model is a variation of that described
by Renkin in Acta Physiol . Scand. 54:223, 1962.

In  our i n i t i a l  experimen ts, the dog g r a c i l i s  muscles were
isola ted , the gracilis artery and vein were cannulated and the muscle
was perfused with blood that had been collected earlier the same day from
the same dog. The blood had been treated in one of several ways to modify
Hb-02 affini ty, then oxygenated and passed through a finger pump into the
muscle. Various blood treatment modalities were tested , includin g (1)
blood storage In ACD to reduce 2,3—DPG l evels , (2) exposure to metabisu lfite
(3) treatment with potassium cyanate to carbamylate the hemoglobin. Al l
such treatments appeared to produce red cel l damage and perhaps sludg ing
so that muscle vascular resistance rose dramaticall y d u r i n g  blood i n f u s i o n ,
and in terpretation of the data was difficult. These manipulations will
nevertheless be pu rsued , as these find i ngs may have an Important bearing
on oxygen transport when patients are transfused with stored blood .

At present, however, we are autoinfus i ng the muscle from the
donor dog and are manipulating hemoglobin—oxygen affinity by induc i ng
respiratory alkalosis (Bohr effect). In a typica l experiment , the f o l l o w i n g
protocol is followed after muscle Isolation and establishment of controlled
f lo w:

1. Contro l graci li s ar terial (A) and venous (v) blood sampling .
2. Induc tion of respiratory alkalosis by hypervent ilation
3. Repeat A , V sampl i ng for determinat ion of resting muscle

V02 and lac tate p roduction
4. StI mulation of the muscle for approximately one minute and

measurement of V~2 and lactate production during exercise5. Coll ectIon of blood samples during recovery period
6. Restoration of ventilation to norma l is followed by a

per iod to allow recovery of muscle to basal conditions
7. Repeat steps 3-5
8. AlteratIon of blood flow rate to the muscle and repeat of

steps 3— 7 .
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9. At each step blood samples are taken for determination of
blood pH, P02. Pco2 , %Hb02, %HbCO , Hb level , lactate concentration.
Such sampl ing  a l lows not on ly  ca lcu la t io n of VO 2 and lac tate produc t ion
but of P50 at both standard and in vivo conditions.

10. At each step, the muscle is also subjec ted to a tes t for
arterial occlusion to be sure that it has reta i ned its capacity to auto-
regulate  and is  thus behav i ng physiolog ically.

The preliminary da ta suggests that in the range of norma l flow rates,
a l k a l o s i s  does not i mpa i r  ei ther res t in g or exercise V02 in  sp i te of the
associa ted reduc t ion i n P50 in vivo. However , during alkalosis , the
muscle appears to operate at lower l evels of venous P02. I t is possible ,
then tha t wi th f ur ther reduc t ion in  ar te r i a l  f l ow ra te, or wi th more
extreme exercise , induced affini ty changes may have an impact on tissue
02 uptake.

Articles published , in press or submitted for publication with support of
Contract DAI7— 73—C— 3135 in 1976 and 1977:

1. L ich tman , M.A. and Murphy, M.S. Reduced red cell membrane potential
and acidifica tion of the plasma in response to contrast materials:
Time course of the al teration in plasma pH. Invest. Radiol. 11:588, 1976.

2. Daniel , A., Cohen , J., Licht ma n, M.A., Mur phy, M.S., Schrei ner , B.F.,
J r . ,  and Shah , P.M. The relationships among arterial oxygen flow
ra te, oxygen b ind i ng by hemoglobi n and oxygen utilization in chronic
cardiac decompensation . .J. Lab. Cli n. Med . In press.

3. La Celle , P. L. and Lich tman , M.A. Anem ia with reticulocytosis:
Hemolytic disorders. In: Hematology for Practitioners. Little ,
Brown and Company, Boston, 1978. In press.

4. Cohen , J. and Lichtman , M.A . Polycythemia. In: Hematology for Practitioners.
Little , Brown and Company , Bos ton , 1978. In press.

5. Zesk , J., Cohen , J. and Lich tman, M.A. Effect of al tered Hb—02 b ind i ng
on oxygen uptake by isolated grac ilis muscle. Circulation. 1977.
(Abstract).

_i 
~~~~~~ - ~~~~~~~~~~~~ —~~~~~


