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I. WORK 
~P!~~J~P

1 . OXYGEN TMNSPORT FROM TWO HEMOGLOBIN COMPARTMENTS

IF4TROHJCTION

Two compartments for hemoglobin exist during the exchangc trans—

fusion bf a prima te wi th  hemoglobin-saline solution. One is the endo—

genous hemoglobin within the red blood cells , and the other is the

exogenous hemoglobin in the extra-erythrocytic space . Because of

differences in oxygen affinity and in physical environment , the loading

and unloading of oxygen nay not occur in a parallel fashion in the ti~o

comparl~itents .

I,

The purpose of the current study was to evaluate loading and

unloading of uxyqen , in each compartment , during exchange transfusion of

primates .

t ?AT ERIALS AND METHODS

It

Five adult baboons, wei ghing from 20.2 to 29.1 kg were the test

animals. Cm the morning of each study , the baboon was tranquilized

within its cage with an intramuscular injection of 0.8 mg/kg of phency-

clidine hydrdchloride piperazine. Under local anesthesia , plastic

catheters were inserted in bilateral femoral arteries and one femoral

vein. They were positioned in the inferior vena cava and the abdominal

aorta . A Swan-Ganz thermi stor-tipped catheter was flow-directed under
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fluoroscopy , into the pulmonary arterial bed. Statham pressure

transducers were connected to the ~ulmon~ry artery and abdominal

aorta to n~nito~p .aortic , pulmonary arterial , and wedge pressures.

The remainin g pair of catheters was used for the exchange transfusion .

Cardiac output was determined by thermal dilution , us i ng a Columbus
• Instrument Computer. A lead II EKG was obtained with needle electrodes .~

The s i gI?als from all transducers were recorded on a Brush multichannel

• oscillograph. A temperature probe was positioned in the abdominal

cavity through a small incision in the abdominal wall. The trachea e.

was intubated ’ ari(I. the baboon was paralyzed by frequent I.V. injections s~

of d-tubocur arine. The baboon was mechanically ventilated wi ti- room
.1’

air , in the prone positio #~, with axillar y supports . During the base

line perir~d the tidal volume and respiratory rate were adjusted to

produce an arterial pCO 2 between 33 and 47 mm Hg. These ventila tor

settings were held constant throughout each study . The body tempera-

ture was stabilized by raising the ambient temperature .

The ~experimenta .l pro tocol consisted of our standird exchange

transfusion wi th hemoglobin-saline solution. Blood samples and

hemodynami c measu,~ements were obtained during thc.; control period , and

at hematocrits of 30, 20, 10, and 5. Hemod”namic variables were heart

rate, aortic pressure , pulmonary arterial pressure , wedge pressure ,

and cardiac Qutput. Arterial and mixed venous blood samples were

obta i ned anerobically. Aliquots were centrifuged to provide anerobic

samples of arterial and mixed venous plasma . Arterial and mixed venous

II
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whole blood gases were determined 4sing an IL 313 blood gas analyzer.

• Oxygen content ~ias obt~ined using a Lexington Instrument fuel cell.

• Oxygen corlltents ’were measured on whole blood and plasma aliquots

from the arterial and venous samples. Hentatocrit was determined

in a standard manner with micro-hematocri t tubes and a centrifuge .

• Whole blood and plasma capacity were estimated by equilibrating

samples ’with room air , and measuring oxygen contents . Red cell

contents and capacities were calculated from the whole blood and

plasma values., t~sing the balance equations . Fractional saturations

• 
• were calculated from contents and capacities. Hemog lobin concrntrations

were calculated from cap~~ities , assuming standard binding coefficients
.1

for eaç~~type of hemoglobin. Oxygen consumption was calculated from

the cardLic out put and the whole blood arteria l—venc1js oxygen ccntent

difference .

RESULTS

Table I contains the hemodynami c and consumption data . The mean

arterial pressure.showe
t
d a transient increase at _~he start of the

• transfusion , followed by a progressive fall in blood pressure. The

mean pulmonary arterial pressure remained constant until the l owest

• hema tocrit , when it began to rise. The pulmonary wedge pressure did

not change during the exchange transfusion. The cardiac output ,

body temperature , and oxygen consumption were constant during the

exchange transfusion. The heart rate decreased during the early
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phases of ~the transfusion. As the exchange continued , the heart

rate increased.

Table II contains the blood gas data. The p11 dropped slightly

during the transfusion. No changes were observed in the pCO2, or in

the arterial P02. An obvious decrease in venous P02 occurred during 
. I

the stu1dy.

• 
. 

Tables III and IV show the oxygenation data for the two compart-

nients . The F~’m4jlobin concentration is expressed as grams hemoglobin k~

per 100 cc of whole blood. There was a progressive decrease i~.

rbc hemoglob in , wi th a cc4icomitant increase in plasma hemoglobin.

The oxygen content is expressed as cc 02, per gram ~nnioglobin of that ~
compartment. The arterial contents of both compartments did not

change. The venous contents of the red cells fell markedly below a

hematocrit of 30. The venous plasma contents exhibited a slight

drop below a heiuatocrit of 20. The fractional saturation data was

parallel ~to the contents . The “extraction ratio ” is defined , for

~each compartment , as the A-V 02 difference divided by the arterial

content. The ~~~~~~~~ ratio for each compartmc~it, is a function

of the oxygen consumed , and the interchange, of oxygen be tween

compartments . The red cell extraction ratio rose markedly below

a hematocri t of 30. The plasma extraction ratio showed a slight

increase at the l owest hematocrits .

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~
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TABLE I

,

1 •1,s,

IIEM AT OCRI T

40 30 20 10 5

MEAN ART ERIAL PRESSURE 121* 143 94~ 76 65

(mmHg) ±1l** 14 13 1 -—

1’

MEAN PULMONARY Af~TER IAL 12 17 14 15 25

PRESSURE (tumllg) 3 1 4 14 —-

PULMONARthIEDGE PRESSURE 2 1 .5 1 -1 -—

(nimllg ) 2 2 -- —— 
. 

-—

I

CARDIAC OUTPUT 3.1 2.3 3.8 3.3 2.6

(1/win) 1. o.a 0.4 0.1 1.8

HEART RATE 125 118 158 142 175

(beats/win) 
I 

26 31 25 25 ——

TEMPERATURE 35.6 34.1 36.7 36.2 35.9

( ° C) 2.3 1. 1.3 2. 1.6

OXYGEN CONSUMPTION 4.3 2.8 5.1 4.0 2.9

(cc/mm — kg) 2.1 -- 1.!~ 2. 2.

* Mean

** Standard Deviation

-~~-.
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TABLE II

I I  BLOOD GASES

Hernatocrit •
5;

40 30 20 10 5 .~

A R TER I;L

Li pH 7.41* 7.34 7.33 7.25 7.~ 4

• I. 

~.04** ÷ 0 6  4 .1 2 4 . 1 2  ÷ .Q~
7

~ P90~ 
4: 2~ .0O 35.00 20 .00 37.00 29 .00

~8.OO ±5.00 ±5 .00 ±10.00 ± 2 .O~ ~:

p02 
110.00 118.00 102.00 104.00 94.00

__ ~31 .00 ~l.OO ±35.00 ±30.00 ±37 .00

V ENOUS I~~

• pH 7.38 7.39 7.30 7.20 7.10

± .04 --- ,.~ 4 .1 ± .11 .08

pCO2 39.00 39.00 46.00 42.00 36.00

± 6.00 - - -  16.00 4 9.00 + 2.00

• p0 2 55.00 52 .00 36.00 29 .00 24 .00

• ± 11 .00  --- ,& 19.CO ± 13.00 ± 4.00

* Mean

** Standar d Devi~ tion



...-.-

TABLE I I I

______ 
l EMATOCRIT

4O~ 30 20 10 5

HEM0GLO BI~
(gm/lOO cc)

Plasma 0 0.8 1.3 1.8 2.4

—— ±.2 ±.l ~.1 ~.l

RBC 10.1* 7.5 5.2 2.6 1.2

~ 4~ 7** ±.06 ±. 1 ± .6 ±.l
‘ . 4

• 4 . .4

I p.

0XYGEN ~.CONTENT

(cc 02/gii~F1b) ~
Arterial R[1C 1.15 1.24 1.20 1.17 1.28

~ .13 ±.l8 ±.O5 ±. 19 ± .l5

Arterial Plasma —— 0.98 1.20 1.22 1.32

—— !.06 ±.1l ~.Ol ±.02

Venous RBC 0.88 0.83 0.49 0.29 0.0 4

.04 -- ~.34 ~.34 ±.36

Venous l5 lasma -- .78 1.31 1.00 .96

-- -- ± .Ol ± .08 ± .06

* Mean

** Standard Deviation

I
_________________________________________________________ 

~~~~~~ =:~~~~~~~~~~~~~~~~ _ •
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flenatocr it 
-

40 30 20 10 5

• Fractional Saturation

Arteri al RBC .gi .~ 
.92 .91 .88 • .94

±.08** t.l3 ±.04 ± .13 ±~O8

Arterial Plasma 
• 

- -  .73 .88 .92 .97

I .  4 
-- ± .03 ± .06 0 .0

Venous RBC .65 .6 2 .37 .21 .03

‘ ~ .O3 -- ±.25 ±.26 
• 

± . 104

Venous P1~sm~ -- .58 .33 ~.. .76 .7 2 
~

p 

‘ -- -- ± .O 1  ± .06

Ext r ~~~~~~~~~~0

RBC .26 .25 .60 .72 .97

f .06 -- 1 .27 ±.34 ±.04

I I

Plasma 
1 -- .18 .05 .18 .26

• -- -- ± .06 ± .07 ~‘ ±. 04

* Mean

** Standard Deviation

& 

j
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DISCUSSION

• The data in Tables III and IV shows that both forms of ~iemo—

glob in aru~capal~le of loading oxygen in the pulmonary circulation .

The quantitati ve differences are too small to be discerned by our

data. Major dif~~rences occur in the unloading , as shown by the

venous data . Red cell hemoglobin loses its oxygen more rapidly

and coii~lete ly than the plasma hemog l obin. In the 10% to 20%

hematocrit range , which is of clinical interest , the red cells have

lost 60% to 7O’~ of their oxygen , while the plasma hemog lobi n have .

lost 5~ to i5~ c~f the i rs . At the lowest hematocrits , the red cells

have lost 97.~ of their oxygen , w h i l e  the plasma hemoglobins h~~e I

only l2st 26~. of theirs. ‘
~

p 
, .

T:~e P~~ of normal baboon hemoglobin is in the 26-30 rnHg range .

The P50 of the hemog lobin solution varies between 12-16 mm Hg.

~1ost experiii~enta 1 and theoretical studies show that the transit time

tnrough the exchange vessels is long enough for chemical equilibrium

• to occur !between hemoglobin and oxygen. Hence , our results are

consistent with the difference in the oxygen dissociation curves of

the two species of. hemoglobin. I.

The alilount of oxygen released by hemoglobin-saline solution is a

small fraction of the total , until the hematocrit falls to extremely

low levels. Evidence suggests that a major factor is the P50 of the

hemoglobin solution. An increase in P50 to about 28 mm Hg should

improve the unloading fro;.: the plasma compartmer4 t, in the presence

of red cell hemoglobin.

~1~

. _ - ---
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2. INTRAVASCU LAR PERS1..IT ENCE OF 2 ,3-DPG
pp

iNTRODUCTION

T he low P 50 of stroma-free hemog lobin solution is due to severa l

reasons,, including the “stripped” nature of the hemog lobin molecule.

Norma l ligands such as 2 ,3-DPG or AlP are absent , because the hemog lobin

• so lution is prepared from outdated blood. One direct approach to nprmali-

• zat ion of P5(~ w~.uld be to include exogenous 2 ,3-DPG during the administç jition

of SFH. The purpose of th is pilot study was to evaluate intr~~vascu 1ar

pers istence of an infusLi. of 2 ,3—DPG.

• ~~~~
. I

MATLRIALS AND METHODS

2,3-DI’G was obta .ned from Si gma Chemicals as the pentacyclohexy l-

ammon ium sal t .  The free acid was obtained by conversion wi th Dowex-50w.

DPG levels were assayed using an ultra— vi Giet techni que (Sigma 35—UV).

‘An infusion solution was prepared containing 30 micro-moles /cc of DPG .
p
.

, 

‘. 
.

A 19.1 kg male baboon was prepared in the usual fashion with

catheters in the abdominal aorta and inferior vena cava. The urinary

bladder was catheterized. A continuous infusion of 2,3-DPG was started

and maintained at a 3 milli- .mole/h our rate for two hours. Heart rate ,

arterial and centra l venous pressures , respira tory rate , and her’~~ccri t
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• were monitored during the infusion . Samples of whole blood , plasma ,

and urine were analyzed for DPG dut ing the control period , a.~d after

one and t~~ hou ?~ of infusion.

RESULTS

Thble I contains the baseline hemodynamic value s. these did not

change during the two hours of infusion.

Table I~ c~ itains the DPG concentrations during the contro l

period , and after one and two hours of infus i on. No s ignific~~t

change~s in whole  b loo d Dt’~ concentrations were seen. The plasma levels

were b~~~1~~~~~i the limits of sensit ivity of the assay . No DPG was seen in

the urine during the control period . Si gnificant amounts of DPG were ’~

present in the ur ine afte r the start of infusion.

DISCUSS ION

We estimate that urinary loss accounted for about 10% of the

infused DPG. If~the DPG was distributed uniforml y in the total extra-

cellular space , the resulting plasma concentration would be below

the limi ts of the assay . In addition , there is evidence that DPG can

be converte J by plasma enzymes , both in vivo and in vitro.

This pilot study showed that there is no significant plasma

‘I
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persistence to infused IDPG. It is possible that the weak chemica l
I.

bond betwqDn DP1~ and de-oxyhenioglobin would 
protect the DPG from the

mechanisms of removal . However , the DPG would be unprotected when

the hemoglobin became oxygenated. We conclude that normaliz ation

of the hemoglobin P50 cannot be accomplished using free DPG. . I

I 4 
‘

{ 

. . 

. 

~. 

—. 



~~~~~T —--.--.-— .-.-—-—-p.-p.---,-.--..—
~~~~~~~

-
~--

-------—- .-. — • . ______p ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-13-

It

TABLE 1

‘I

VITAL SIGNS

Con t rol Per i od

Hematocrit 44

Rcspiratory Rate 33/win . 4 ’

I .  4
• Heart Rate 125/win

Mean Arterial Pressure 135 rn Hg .

Systo 4~.ic Arterial  Pressur~ 165 mm Hg

Diastol t&: Arter ia l  Pressure 115 n~~J’ j 
. .~ :

• 
Centra l Venous Press ure 9 win Hg

p .

’
. 

‘

‘

~~~~~

p

.

.

4 

‘I

’ •

‘ 

I 

I.
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TABL E 11

• ‘I ~~ ‘

2,3-DPC LEVELS

Control Period One H~~~~InfuSiO~ Two Hour Infusiofl

Whole Blood 1.73* 2.23 2.08

“ p 4
Plasma 0 0.15 (u.S.) 0.23 (u.S.)

4

Urine 0.15 (U.S.) 3.50 2.54

p. “

1~ ‘p

• 
‘ 

i~. ~ ,

• *Concentra tir)fl expres sed as micro—moles/cc

p 
‘

I,

.1
~
— — -

~-“ —~ .‘~~- —.-~~~—-‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ - . . - .



F 
~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

p.
~~~~~~~~~~~~~~~~~

p . . ’ •

—15-

3. H EU R O M AL FUNCT IOt~ DURING INFUSION OF HEMOGLOBIN-SALINE SOLUTION

INTROPUCTION

4 I

Baboons consistently show a significant drop in mixed vei1ous P02
after exchange transfusion with stroma—free hemoglobin. This is

related , at least in part , to the high oxygen affinity of the infused

hemoglobin. The change i n  P0 2 reflects a drop in interstitial and
‘I’ 4

intrace llulir PO~ , in soiiie organs. The possibility of tissue hypoxia to” ’

the heart and brain has been a source of concern to us. Previous I

p. p

work h~s show n a small hut si gnificant loss of cardiac reserve after
I, ’ ;, 4exchange ‘t raiis fuiori . The purpose of this pilot study was to evaluate

centra l nervous system activity during exchange transfusion , using

the evoked response as a measure of functional integrity .

MATERIALS AND METHODS
‘
p

Two Dale baboons (~0-23 kg) were the test animals. They were

prepared for exchaiige transfusion with SFH , using our standard

techniques . Soiuatosensor y and visual evokec t potentials (SEP and

VEP) were obtained from EEG signals using scalp needle electrodes.

The recording electrode for the SEP was placed on the scalp over the

right post-centra l gyrus . The recording electrode for the VEP was

placed 1 cm to the right of the midline and 2 cm caudal to the

posterior occipital protuberance. A reference e ectrode was placed

on the vortex.

_______ .~~~~~~
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The left iuedian nprve was stimulated for the SEP. The ’stimulus

pulse had ’a 2 II~ frequency and a 0.1 millisecond duration . ihe amplitude

was set between 40 and /0 vol ’
~ts, which elicited a twi tch of the opponens

po llicis. The visual stimulus had a frequency - of 2 Hz and a flash

intensity of 4 R .U. The EEG and stimulus signals were analyzed by a

Nicole~c, Evoked Response Computer. The fi l ter time constant was

1 millisecond; the input sensitivity was ± 2 volts ; and the ADC

resolution was bi ts.  The dwell time was 200 milliseconds per .~

• address , and an 1averaqe of 64 sweeps was used. The latency , or

elapsed tiiie , from st im uli to each peak of the evoked respons~, and

the p~~k amplitude of t~e positive / negative sequence of each evoked

res pons é~ t~ias me asure d . Increase in latency , e~nd dVc ’-ease in peek

amplitudes are consistent responses of the central and peripheral

nervous system to hypoxia.

The evoked potentials were obtained during the control 
• -

period , and € i t .  he natoc rits of 30 , 20 , 10 and 5. 
4 .

RESULTS AND DISCUSS ION ’~

Figure 1 conta ins a typical somatosensory and visual evoked

response. I Th~ times from the onset of stimulus to the first three

positive peaks are referred as the P1, P 2 , and P 3 latencies . Table  I

E 

‘ contains the results for the latencies of the soma tosensory evoked

responses. Mo signif icant trends were appareht Juring the exchange

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 

- -.—.~~~~~~~~
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transfusion. We observed great va iabi lity in peak amplitud~s , both

in replicq~te rulis from each animal , and between animals. To some

extent , this is due to the use of scalp electrodes. The variabilit y

should decrease wi th direct surface electrodes. The small number of

animals in this pilot study precludes any statistical analysis of the - I

data. ,,
One result of this pilot study is that both types of evoked ,

response per~’ s~~d during the total exchange transfusion . The evoked ,~,.

response is a sensitiv e measure of altered CNS function due to hypoxia.

Henc e, these pre liminary ’eesults make it unlikely that massive hypoxia

occ urs during SFH administration. ‘
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~~~• TA BLE I

Avera ge Latenc ies of SEP+
. 1

UCT Pl* ~~~*

40 (‘
• 11.6 msec. 19.5 33.8

30 13.8 20.3 4r~.1
4 . 

“ S

20 
~ 

‘
~ 12.1 14.8 32.4

10 ~ 11.8 16.0 ~ , 42.9

5 .  12.1 16.0 31 .3

* ~verage from 2 animals

‘
p

+ Times to fi rst, second and th i rd positiv’~ peaks of soma tosensory

evoked response.

~~ 

.: 

‘I 

I ’ 

‘ 

‘
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II. WORK IN PROGRESS

1. PER~AT IZ1NG OF ’ ORGANIC PHOSPHATES TO HEMOGLOBIN
• ~I 

b

Organic phosphates containing an aldehyde group can form Schiff

bases wi th the N-terminus of the beta—chain of hemoglobin. If the

Sch iff base is reduced wi th sodium borohydride , the organ ic phosphate

beconles covalert ly bound to the hemoglobin mole~u1e. Pyridoxa l

phosphate has been bound to hemoglobin , resulting in a molecule wi th

a reduced oxygen aff ini ty . Glycosylated hemoglobin (A lc) can be formed
4 t1 ]

• in a similar manner , using glucose-6—phosphate. Several other aldehyde

phosphates are under testing for their ability to reduce the oxygen

affini t~’ of hemoglobin and their ability to form a Sch iff base at the

N-term inu~
’ of the beta-cha in. These compounds inclu~e: g lycoaloehyde 

~~

‘

• phosphate , glyceraldehyde-3-phosphate , D-erythose-4-p hosphate ,

D—arabin ose-5-phosphat e , and D-ribose-5-phosphate . Fi gure 1 contains

some oxygen dissociation curves , utilizing the Am inco Heme-02-Scan.

The left ~shif ted curve was obtained from our SF11. It had a P50 of

16 nim Hg and a Hill coeff icient of 2.0. The right shifted curve was

obtained from a mixture 1of SFH and pyridoxal phosphate. The P50 of

this curve was 24 mm Fi g and its H ill coefficient was 2.2.

Preparation of small quantities of permatized hemoglobin solution

for testing l urposes will use the protocol developed by Benesch and

i3enesch. To 936.4 ml of cold stripped SFH solution (0.27 ml ), 63.6

ml of 1 11 cold Tris buffer (pH 7.3) is added. Caprylic alcohol

(4.6 ml) is added to prc~ent foaming. The hemoglobin solution is

- ‘I~~~~~~~,,. ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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‘

deoxygenated by bubb l,ing nitrogen ~hrough it for 30 minutes. When the

-
• solutio i~ is d~v~ id of oxygen , 0.55 mM of the organic phosphate in

45.5 ml of Tris buffer is added. The pH of the solution is adjusted

• 
‘ to 6.8 wi th 0.1 U 11C1. Mitrogen ‘is bubb led through the solution for

• an additional 30 minutes wi th the temperature being maintained at

100 C. 5.5 ud”l of sod iuiii boro hydride in 45.5 ml of 1 14 sodium hydroxide

is then added to the solution. The hydrolysis of the sodium borohydride

will cause the pH to rise to 7.1. i4itrogen is bubbled through the
‘I’ 4

• solution for anrtther hour . The reaction at this point is complete . ~

The SFH solution is dialyzed for 2 hours at 50 C against 4 c..anges of

5OO~~l of 0.02M phosph~te . buffer (pH 6.8). The yield from this reaction

‘1 will b~’ tes ted for oxygen aff inity by processing ~amples with the ~~
‘

,Annnco Heiiie-02-Scan oxygen dissociat ion analyzer. In vitro stabil i ty

of the perma tized rii olecule will be determined by use of a closed

l oop molecule filtrat ion system. Techniques for multi-liter batches

of permati zed hemoglobin wi l l  be developed once an aldehyde phosphate

is chose~i based on these studies . 
I

Animal Eva luation of Permatized ilemoglobin

The permat ized hemoglob in solution (PH) wi l l  be compared wi th~
the SFH solution reported in Section 1 of work completed . A group

of four anii~~ls ~iil l be exchange transfused to 0 heniatocrit wi th PH.
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The an imals w i l l~ be paralyzed and unanesthetized , vent i lated on room

air , and nprniothe riii ic. Cardiac output , heart rate , body temperature ,

arterial p ressure , pulmonary and wedge arterial pressures will be

monitore d. Arterial and mixed venous (pulmonary arter ial)  samples wi l l~~
be taken for b loo d gases. Oxygen contents wi l l  be measured on whole

b lood a~’i d I)lasIna from arterial and mixed venous~ samples. Oxygen

capacity of who le b loo d and plasma w i l l  be ob ta i ne d by measur i ng

contents of s.amp4les wh ic h have equil ibrated wi th air. Oxygen dissociation

• curves of whole 4)100(1 and plasma will be deterniined using the i~’iinco ‘~

Heme—02-Scan. [‘5~ and IIi fl coefficients for the various hemog lobin

compart~iepts w i l l  be ca1 c~ lated from these curves. Total hemog lobin , ~
methemoglobin , an d sulfhemoglo hin concentration of whole blood and

plasm a will be determi ned using the Drabkin cyanomet—henioglobin technique .

Effective hei ’ioglobin concentration will be calculated from oxygen capacities .

Oxygen consumption w i l l  be calculated from cardiac output and A-V 02

differenc~s. Samples will be obtained at base—line , and at hematocrit s -

of 30, 20, 10 , 5 and 0. 
‘

At the conclusion of the experiment statisti :al analysis of the data

• wi l l be perfo rmed to determine whether or not additional anima l experiments

will be necessary to reach a si gnificant result. This is done to minimi ze

the num ber of anima ls used.

• 
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2. CEREBRAL R [SPOMSL 10 RED CELL .MFUSION AFTER IILMOBLOBIF4 ‘DMINISTRATION

Cerebr al ictabol sm and function can be maintained during modera ’.e

normovolein ic a I I~’li a. lie primary compensation appears to be an increase

in cerebra l blo nd flow . At hematocrits below about 10 , si gnificant

alterat,ions occur in the monitored parameters .

Several ur ou ps  o f in ves ti gators (1 ,2,3,4) have reported that after

hypotens ion , ‘i’~’~emia , or severe normovolemic anel l i3 , transfusion of

red cells did not reverse defects i4’ observed function or meta”ol ism .

We have obse rved that  re~infus ion of shed red cells , af ter the baboon

has bee~;~ t 0 hem atocrit and maintained on SEN for serveral hours , resul t s

in a si gnif i r an t  flattening of the EEG. On autopsy, the brains appear~

ischemi c. -

The p u rpose of th i s study w i l l  be to s tudy the e f f ec t  of SFH on

cerebral ~neta bo 1ism during normovo lemic anemia and subse ,~uent tranfusi~n

‘ of shed red ce l l s .

A group of four baboons w ill be studied. The protocol consists of

three stages. Stage I is a control period. During Stage 2 , the animal

is exchange 1 transfused w i th  SF11 to some fixed hematocrit and maintained

for three hours . In S tage 3, the washed packed shed red cells are

transfused , u~ inq physiologic pressures. At the end of Stage 3, the

p anima l is sacrificed and the brain removed for 1 exam i nation .

‘I
,
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f’leasure; ients will be obtained for each stage. These include the

standard hpiiiody ’~unic , blood gas , and content determinations. In addition ,

• the internal jugular vein will be catheterized to obtain mixed venous

samples of cerebral blood. Cerebra l blood flow will be estima ted using

the nitrous oxide technique. Oxygen and glucose concentrations will •
‘

~
‘

be obta~ined for cerebra l arteria l and mi xed venous samples . This

data will permi t us to calculate oxygen and gluèose consumption at each

stage of the study. A randomized sequence will be emp l oyed to assi~ n

the Stage 2 hvni4ocri t level for each study . Final hematocrit levels ,,

of 20 , 10 , 5 and 2 will be used.

4-
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3. RLNAL EFFECTS OF STROMA - REE HEMOGLOBIN SOLUTION

~I.

I1ETHODS AND MATER i ALS

Four adult baboons will be the test animals. One week prior to •~~~

the stuçly , silico nized heparin-filled polyethylene catheters will be

surgically implanted into the left renal vein , ~nd the free end ligated

• and bur ied subcut aneiously. After convalescence from surgery , the renal

vein catheter,wi’~i l be re-exposed . Polyethylene catheters will be intro-s

duced into the aort i c  arch and supra renal vena cava via the fejroral

vessels . A suprapubic cy~ totomy will provide urinary dra inage. The

an i ma ls~
” wjll be loosely restrained in the prone position and allowed

to recover from t ranqui l izat ion.

During the four hour baseline period , the animals wil l  receive

an intravenous infu sion of norma l saline wi th 44 mEq/L of NaHCO3 at

a rate o l~ 10 cc/kg/hr. This infusion will insure a constant basal

urine output. A prima ry dose of PAN (40 mg/kg) and Inulin (75 my/kg)

will be given . This will be followed by a const~it infusion of 0.5%

PAN and l .O~ I n u l i n  i n s a l i n e , at 6 cc/kg/hr for the remai nder of the

experiment. At 60 and 75 minutes after primi ng , arterial and renal

vein samples and fifteen minute urine collections will be obtained

for the course of the study .

I .
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Every 30 minutes thereafter b ood samples w ill be taken. Beginning

wi th the first ~O minute period , a 50 cc bolus of hemoglobin solution

(6 gms %) will be given every 15 minutes.

This will continue until a volume of stroma-free hemog lobin soluti~ i

(50% of, the animals calculated circulating blood volume ) has oeen infused.

At the end of this period the animals will be sacrificed and autopsied.

• Renal C’lea~’aiice Determinations: Plasma and urine concentrations ofI

PAN and Inulin wi l l  be determined by spe~tophotometric technicues. The

glomerular fi ltration raJ~ wi l l  be determined by:

GER = 
~~~~‘ Conc. of Inulin) x (Urine Fl~~I

(Plasma Conc. of Inu lin)

The renal blood flow will be determined by:

Renal Plasma Flow = ,,(j~’inary Conc. of PAH~~ jUrine Flow )

(Renal Art. Conc. of PAN - Renal Vein Conc. of P/!d’I)

Renal Bloods Flow = Renal Plasma Flow 
‘

- Hematocri t

The Free Wa ter Cleara nce wi l l  be determined by:

FWC = ,~Urine Osmolarity ) x jtirine Volume) - Urine Volume

(Plasma Osmolarity )

i i  
I ~ 

I,
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The urine and p~as i~a o~~o 1ar ities wi l l  be determined by freezing point

depression .

• Rena l A-V Shunt ing : To test for renal A-V shunting , blood will be •~~~

drawn anerobica lly for simultaneous blood

gas determinat ions .
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• BUDGET

1. SALAI~,IES ~
A. Biochemist $ 17 ,000.00

Fringe Benefits 1 ,028.50

Overhead , 75~ of S+t4 12,750.00

B. Biochemistry Technician S 13,000.00

Fringe Benef i ts 786.50

0v~rh~id , 75’;~ of S+W 9 ,750.00
• 

• 
TOTAL S 54 ,315.00

4 ,

-~~~

2. SUPPLIES

A. Baboons - 12 0 $533.50 $ 6 ,402.00

B. An im a l  Care , Approx. $120 .00/mo 1 ,440.00

C.. Surgical Charges

$35/surgery x 12 baboons 420.00 • ‘

0. Expendable Supplies 700 .00

GRAND TOTAL ‘. $ 6 3 ,277.00

$ 
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BU[)G[T JUST IFIcAT IOH

Ii

PERSONNEL: T he sa la ry  levels are consistent wi th the prevailing
• 

p 

job market in Chicago. Two people are necessary -

~

because of the nature of the studies plus the fact that ‘

we wi l l  be producing large batches of stroma free

hemog lo b in  solution for designated investi gators as well

- as studying its properties ourselves.

~ ‘ 4 .

BABOONS : Four (4) for the Permatized Hemog l ob in  Study, f~’ ’:r (4) for

I the Renal #tudy , and four (4) for the Cerebral Response

Study . Twe l ve (12) baboons at $533.50 each equals a total,

of $6,402.00. The average monthly charge for anima l car~

is $120.00 for twelve (12) months , which  equals - $1 ,440 .00

per year .
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