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THE EFFECT OF DISINFECTION ON VIABILITY AND FUNCTION OF 
BABOON RED BLOOD CELLS AND PLATELETS 

C. R. VALERI, 6. RAGNO, H. MACGREGOR, L.E. PIVACEK 

ABSTRACT:  Blood disinfection is currently being evaluated 

as a means of reducing or eliminating the risks of disease 

transmission associated with blood transfusion.  For the 

past 10 years our laboratory has used baboons to evaluate 

the effects of various disinfection treatments on autologous 

red blood cell and platelet viability and function in vitro 

and in vivo.  We have used radioactive (51Cr) methods to 

evaluate the posttransfusion survival and lifespan of 

disinfected red blood cells.  The in vivo recovery and 

lifespan of platelets were assessed using either radioactive 

51Cr or llllndium.  The function of the platelets was 

evaluated by their ability to correct an aspirin-induced 

thrombocytopathy.  We observed that in some instances in 

which the disinfected autologous red blood cells showed no 

alterations in vitro measurement, recovery in vivo and 

lifespan were decreased.  In view of these findings, we 

believe that it is prudent to continue studies in the baboon 

before attempting studies in normal volunteers. 

INTRODUCTION:  For the past 20 years, our laboratory has 

used the baboon (Papio sp.) to evaluate the effects of 

methods to preserve red blood cells and platelets.  We have 



been using the baboon in studies to evaluate whether blood 

disinfection adversely affects red blood cells. When in 

vitro measurements indicate that a disinfection treatment 

does not significantly damage the baboon red blood cells, in 

vivo studies are performed to assess the effect of  ^rr 

disinfection of autologous baboon red blood cells on 24-hour 

posttransfusion survival and lifespan. 

Disinfected platelets also can be assessed in the 

baboon.  The posttransfusion survival, lifespan and function 

of disinfected platelets can be studied in baboons subjected 

to an aspirin-induced thrombocytopathy, an approach that has 

been used in studies at the Naval Blood Research Laboratory 

for more than 20 years in normal volunteers and for more 

than 10 years in baboons.1-3 

Our laboratory also has used the baboon to study the 

effects of hypothermia on hemostasis before we conducted the 

experiments in normal volunteers and patients.4-10 We have 

found that data obtained from baboon studies are similar to 

those seen in studies of normal volunteers and believe that 

human studies can be reduced by using the baboon in specific 

areas of research.  The following experiments were performed 

to evaluate the effects of various disinfection treatments 

on the survival and function of red blood cells and 

platelets. 



METHODS 

A.  Disinfected Red Blood Cells: 

1.  In Vitro Measurements; To determine whether red 

blood cells are damaged by a particular disinfection 

treatment, the following measurements were made: heiiidlu.crit, 

hemoglobin, red blood cell count, mean corpuscular volume, 

mean corpuscular hemoglobin, and mean corpuscular hemoglobin 

concentration measured using an electronic particle counter; 

plasma hemoglobin measured using a dual-beam 

spectrophotometer;11 intracellular and extracellular sodium 

and potassium measured using a flame photometer;12 and 

adenosine triphosphate (ATP) measured using a fluorometer.13 

The function of the red blood cells was evaluated by their 

ability to transport oxygen as assessed by measurement of 

2,3 diphosphoglycerate (DPG)14 and red blood cell p50,15 the 

partial pressure at which 50%"of the hemoglobin is saturated 

with oxygen. 

2. In Vivo Measurements:  The 24-hour posttransfusion 

survival and lifespan were measured in baboons and normal 

volunteers using a double-label isotope procedure.  The 

baboon's blood volume was measured using 125-Iodinated human 

serum albumin, and the 24-hour posttransfusion survival and 

lifespan of the disinfected autologous red blood cells were 

measured using 51-Cr disodium chromate.16-19 

3. Disinfection Treatments:  The following 

disinfection treatments were evaluated: 
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a. Benzoporphyrin derivative (BPD) and 

photoactivation:—Blood was collected into the CPD-ADSOL 

blood collection system, and red blood cells were prepared 

with a final hematocrit of 55 V%.  BPD was added to the red 

blood cells to achieve a final concentration of 0.5 ug/ml; 

the red blood cells were stored at room temperature for 60 

minutes and then washed 3 times with phosphate buffered 

saline (PBS).  The red blood cells were then exposed to 

photoactivation to achieve a total fluence of 6.5 J/cm2, 

washed once with a solution referred to as American Red 

Cross Solution 8 (ARC8), resuspended in the ARC8 solution to 

achieve a final hematocrit of 55 V%, and stored at 4 C for 

24 hours prior to in vitro and in vivo evaluation. 

al.  Control:  Blood was collected into the CPD- 

ADSOL blood collection system but the BPD solution was not 

added and photoactivation was"not employed.  Storage and 

washing procedures were the same as those for the treated 

red blood cells. 

b. Panavirocide—Two different formulations of 

Panavirocide, a solution containing glutaraldehyde and 

detergents, were evaluated.  Solutions 1 and 2 contained the 

same amount of glutaraldehyde; however, solution 2 contained 

significantly less detergent. 

Blood collected into CPD anticoagulant was treated by 

adding Panavirocide solution to achieve a final 

concentration of 10% Panavirocide solution in blood.  The 

Panavirocide was allowed to remain with the blood for 60 



minutes at room temperature, and the blood was washed with 

PBS. 

bl.  Control:  Blood collected into CPD 

anticoagulant was treated as described above except PBS 

solution was added to the blood in place of the Panävirocide 

solution. 

c. Aluminum phthalocyanines and photoactivation20"* 

22—Eighty-five (85) ml of baboon blood were collected into 

CPD anticoagulant.  The blood was centrifuged to prepare a 

red blood cell concentrate, and the red blood cells were 

treated with 10 uM aluminum phthalocyanine and 44 J/cm2 

visible light. The treated red blood cells were washed with 

PBS prior to evaluation. 

cl.  Control:  Baboon blood was collected into CPD 

anticoagulant and red blood cells prepared as above.  The 

red blood cells were not treated with phthalocyanine or 

light, but were washed as above. 

d. Formaldehyde23-25—Seventy-five (75) ml of blood 

were collected into 10.5 ml of CPD anticoagulant in a 300 ml 

Polyvinylchloride (PVC) transfer pack.  The blood was placed 

on an Eberbach shaker set at low speed (180 lateral 

oscillations per minute) and the formaldehyde solution was 

added to the blood over a 1-2 minute period to achieve a 

final concentration of 250 ppm.  The formaldehyde-treated 

blood was stored at 4 C for 24 hours and an aliquot was 

removed for evaluation. 



dl) Control:  Instead of the formaldehyde solution, 

a similar volume of sodium chloride solution was added to 

the CPD-collected blood and the treated blood was stored at 

4 C for 24 hours. 

e.  Sodium chlorite26—Blood collected into ~r"r 

citrate-phosphate-dextrose (CPD) anticoagulant was treated 

with sodium chlorite solution.  Sodium chlorite activated 

with a CPD solution was added to whole blood to achieve a 

final concentration of 0.75 to 15 mM.  The blood was not 

washed following disinfection. 

el.  Control:  Sodium chlorite was added to a 

sodium chloride solution to prepare a "non-activated" form 

of the disinfectant.  The non-activated sodium chloride 

disinfectant was added to the whole blood to achieve the 

same final concentration as the activated sodium chlorite 

disinfectant. 

Disinfectant Effectiveness and Viability 

We did not evaluate the disinfectant treatments for 

virucidal and/or bacterial killing.  The doses and protocols 

required for disinfection with each method were provided 

either by the company or by persons supplying the 

disinfectant.  Neither did we evaluate the toxicity of the 

disinfectant treatments. 
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B.  Disinfected Platelets: 

1. In Vitro Measurements:  Both baboon and human 

platelets have been assessed in vitro by their ability to 

aggregate to arachidonic acid (AA) and adenosine diphosphate 

(ADP), ability to produce thromboxane A2 during aggregation 

to AA and ADP, response to hypotonic stress, and 

measurements of pH, p02 and pC02.27 

2. In Vivo Measurements;  Platelet survival in vivo has 

been measured in both humans and baboons using the double- 

label isotope procedure used to measure red blood cell 

survival in vivo.28'29  Blood volume was measured using 

either 51-Cr labeled autologous fresh red blood cells or 

125-Iodinated human serum albumin; platelet survival was 

measured using either 51-Cr labeled or Ill-Indium- oxine 

labeled autologous platelets.  Posttransfusion survival and 

lifespan have been measured in baboon platelets preserved 

using both liquid and frozen procedures.29 

The ability of preserved platelets to function in vivo 

has been assessed by producing an aspirin-induced 

thrombocytopathy in the baboon.  The administration of 325 

mg of aspirin into the baboon produced a prolonged bleeding 

time measured using a standard template (Simplate) method. 

Blood collected from the bleeding time site (referred to as 

"shed blood") had a significantly reduced thromboxane A2 

level.  The ability of the preserved or treated platelets to 

increase the shed blood thromboxane A2 level and reduce the 
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extended bleeding time is the measure of their function in 

vivo. 

Statistical Analyses: Non-paired and paired t-tests were 

used to test the significance of the effects of ~r-r 

disinfection; a p value.of 0.05 was considered significant. 
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RESULTS 

A.  Red Blood Cells 

1.  Comparison of Human and Baboon Blood Prior to and 

Following Disinfection 

Tables 1 and 2 report the in vitro effects of   ~~rr:- 

disinfecting human and baboon blood using two of the 

disinfection methods described above (Panavirocide and 

BPD/Photoactivation).  These data demonstrate that both 

disinfection methods resulted in a significant reduction in 

intracellular potassium in both baboon and human blood. 

When human blood was treated with Panavirocide 

Solution, Formulation 1, the intracellular potassium level 

decreased significantly from 7.1 to 0.7 mEg/1012 RBC, the 

plasma hemoglobin increased from 15 mg/dl to 308 mg/dl, and 

the percent hemolysis increased from 0.08 to 0.60%.  Baboon 

blood treated with Panavirocide Solution, Formulation 1, 

showed results similar to those observed with human blood 

with the exception that following treatment, the increase in 

plasma hemoglobin was not as great in baboon blood as that 

seen with human blood.  Treatment of baboon blood with 

Panavirocide Solution, Formulation 2, resulted in increased 

plasma hemoglobin and intracellular potassium levels 

(Table 1). 

i 

Treatment of human and baboon blood with benzoporphyrin 

derivative and photoactivation resulted in a decrease in 
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intracellular potassium and increases in plasma hemoglobin 

and percent hemolysis.  Red blood cell ATP was slightly 

increased in both the human and baboon blood following 

treatment.  This increase was due to the post-treatment 

storage of the red blood cells in the ARC8 resuspertsion.... 

media and was not a result of the BPD/photoactivation 

treatment.  Red blood cell 2,3 DPG and P50 were unaffected 

by the treatment (TABLE 2) 

2.  Disinfection Treatments 

Tables 3 and 4 report the 24-hour posttransfusion 

survival and lifespan of baboon red blood cells after 

treatment with the five disinfection treatments described 

above.  Baboon red blood cells treated with Panavirocide 

solution, Formulation 1, had a 24-hour posttransfusion 

survival value of 0% and those treated with BPD and 

photoactivation had a value of 22%.  These values are 

significantly (p<0.001) lower than the 85-90% 24-hour 

posttransfusion survival values seen in the control studies. 

In the study using the non-activated sodium chlorite, 

which was performed as a control for the activated sodium 

chlorite studies, there was actually more damage to the red 

blood cells at the 15 mM concentration.  The 24-hour 

posttransfusion survival value was 75% for the red blood 

cells in the control studies and 87% for the red blood cells 

treated with activated sodium chlorite. 
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These data demonstrate significant reductions in the 24 

hour posttransfusion survival of the baboon red blood cells 

treated with Panavirocide solution #1, BPD/photoactivation 

and 15 mM of non-activated sodium chlorite.  Treatment with 

Panavirocide solution #2, 250 ppm formaldehyde,    ~rr 

phthalocyanines and photoactivation, or activated sodium 

chlorite produced no significant effect on the 24-hour 

posttransfusion survival values. 

Table 4 reports that red blood cells treated with 

Panavirocide solution #2, BPD and photoactivation or 15 mM 

of non-activated sodium chlorite had a significantly shorter 

lifespan than did the control values. 

B.  Platelets 

Ingestion of 325 mg of aspirin to produce an aspirin- 

induced thrombocytopathy in baboons increases bleeding time 

from 3 to 5 minutes.  Associated with the increased bleeding 

time is a decrease in shed blood thromboxane A2 from about 

1500 pg/0.1 ml to 200 pg/0.1 ml.  Results in baboon studies 

have been found to be similar to those obtained in studies 

in normal volunteers2'3 and patients10 treated with aspirin. 

Baboons transfused 1 unit of platelets stored at 22 C for 18 

hours or 2 units of previously frozen platelets exhibit a 

significant reduction in bleeding time and an increase in 

shed blood thromboxane A2.   No such decrease in bleeding 

time or increase in shed blood thromboxane A2 level was seen 

in baboons transfused 2 units of platelets stored at 22 C 
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for 5 days (unpublished data).  In vivo recovery and 

lifespan values following the transfusion of fresh or 

preserved platelets were similar in baboons and normal 

volunteers. 
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DISCUSSION 

Baboon red blood cells exposed to different 

disinfectant treatments responded in a manner similar to 

that observed of human red blood cells.  Red blood cell 

damage related to the disinfection treatment was reflected 

in a decreased intracellular potassium level and reduced 24- 

hour posttransfusion survival value.  Intracellular 

potassium levels correlated with 24-hour posttransfusion 

survivals:  when these levels were decreased, as with the 

Panavirocide solution Formulation 1 and BPD/photoactivation 

treatment, the 24-hour posttransfusion survival was reduced. 

However, red blood cells with reduced lifespan values did 

not necessarily have reduced 24-hour posttransfusion 

survival values, as in the case of the blood treated with 

Panavirocide Solution Formulation 2.  This indicates that 

the damage to the red blood cells, assessed by the 24-hour 

value, was not caused by the treatment, but rather that the 

treatment resulted in a change in red blood cell 

antigenicity, assessed by the lifespan T 1/2 value 

Other investigators have reported a correlation between 

red blood cell ATP and 24-hour posttransfusion survival. 

However, in our study, we observed a significant reduction 

in intracellular potassium for red blood cells treated with 

BPD and photoactivation associated with an increase in red 

blood cell ATP.  The significant reduction in the 24-hour 

posttransfusion survival of these red blood cells suggests 

that the intracellular potassium level may be a more 
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important in vitro predictor of the 24-hour posttransfusion 

survival than the red blood cell ATP level. 

These data demonstrate that the baboon can be used to 

study the in vitro and in vivo effects of a variety of 

treatments, including red blood cell and platelet ——■ 

disinfection. 
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TABLE 1 

RED BLOOD CELL DISINFECTION USING PANAVIROCIDE SOLUTION 

RED CELL INTRA K+      PLASMA H6B  HEMOLYSIS 
RECOVERY (%) (mEq/1012 RBC)      (mg/dl)      (%) 

Human Blood 

Pre-Treatment 
X:           7.1 
SD: 1.1 
N: 3 

Post-Treatment Formulation 1 
X:            98 0.7 
SD:            1 0.2 
N:             2 3 

p value: <.001           NS         NS 

Baboon Blood 

Pre-Treatment 
X:          — 7.4 
SD: 0.6 
N: 4 

Post-Treatment Formulation 1 " 

X:           98 1.6 
SD:           3 0.6 
N:            3 4 

p value: <.001          <.05      <.001 

Post-Treatment Formulation 2 

X:           —           8.6 315 
SD:                       0.4 30 
N:                          7 7 

p value:               <.01 <.001 

13 0.07 
9 0.04 
4 4 

98 0.31 
54 0.04 

4 4 
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