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Progress Report

—-Experiment _design. The design of IBSE was based upon a carefully controlled
compar ison between identical sets of human blood cell suspensions ~ red cells,
white cells, and platelets - one set of which was transported aboard Columbia
on a 6 -day 11 hour mission, and the other held on the ground. Both sets were
carried inside stainless steel dewars within specially fabricated flight
hardware. Individual bags of cell suspensions were randomly assigned with
respect to ground vs orbit status, dewar chamber (-if-there was more than.one),
and specific location within the dewar. To foster optimal preservation, each
cell type was held under specific optimal conditions of pH, ionic strength,
solute concentration, gas tension and temperature: 5°C.-for red cells and
white cells; 229°C.- for platelets.- Air- from the orbiter middeck was
continuously. circulated around the bags of blood cells. An added variable in
this initial experiment was provided by the use of three different
polymer/plasticizer formulations for the sealed bags which held the blood
cells. At termination of the experiment, aliquots of the suspensions,
identified only by code, were distributed to. the.investigators to be assayed.
Assays were selected to constitute a broad survey of cellular properties and
thereby maximize the chances of detection of gravitational effects.should
they be-present. A total of 74 different outcaome measurements were reported
for statistical analysis. When the measurements had™ “besn completed, the
results were entered into the IBSE data base at the Harvard School of Public
Health, at which time the data were matched with the original blood bag
nubers to determine their status with respect to polymer/plasticizer type,
orbital status (orbit or ground) and storage position within the experimental
hardware. The data were studied by analysis of variance. Initially, type of
bag and orbital status were main factors; later more detailed analyses were
made on spec1f1c issues such as position in the hardware and specific plastic.
If the analysis of variance indicated a statistical significance at the 5% :
level the corresponding p-value was reported.

Quration and events. The elapsed time for STS 61-C, the Colurbia mission, was
6 days: 2 hours. This was the duration of exposure of the orbit samples to
microgravity. However, the overall elapsed time fraom collection of the blood
to postflight sampling was longer. For red cells, it was 9 days: 11 hours.
For granulocytes and platelets, it was 8 days: 11 hours. The preservative
conditions for IBSE red cells assured excellent post-transfusion survival for
21 days, i. e. if transfused at that time, more than 70% of the cells would
have survived for 24 hours in the circulation of a recipient. For platelets,
our evidence suggests that only 40% would have survived if transfused after 7
days (see below). Few granulocytes, which have a life of only 2 to 3 days in
the circulation, were expected to survive the IBSE experiment duration. The
significance of these observations is that the duration of the IBSE mission
intersected the survival curves of the blood cells at quite different zones.
Given the overall duration of IBSE, well over 90% of the red cells should



still have been viable, while less than 40% of platelets were probably still
functional at the end.

Red cells at microgravity. Tables 1 and 2. Red cells exposed to microgravity
differed only in subtle ways from unit gravity cells. The only statistically
significant differences were seen in the p02 and pCOz2 data. The orbit cells

. evidenced slightly detrimental alterations in the red cell menmbranes: greater
osmotic fragility, higher extracellular hemoglobin and potassium, and
decreased membrane lipids. The flight red cells displayed slightly elevated
nurbers of Type III echinocytes. No changes were seen in red cell associated
IgG.

Granulocytes at microgravity. Table 3. Although recovered in surprisingly
good yield, granulocytes exposed to microgravity were less functional and less
stable. Compared to ground controls, swelling was greater (p=0.06); as was
morphological damage (p=0.01). Respiratory burst oxidase activity was reduced
(p=0.007) as were phagocytic indices (p=0.05). Postflight recovery of
granulocytes (59%) was not affected by orbital status.

Lymphocytes at microgravity. IBSE observations on lymphocytes were made by
Dr. Richard Meehan at University of Texas Medical Branch, Galveston.

Dr. Meehan was supplied with samples of the mononuclear cell suspensions used
for the study of granulocytes (above). However, Dr. Meehan was unable to
document any enhancement or deleterious effects of exposure to microgravity.
It appeared that the culturing of pooled leucocytes from 24 separate donors
resulted in an in vitro lymphocyte proliferation of unstimulated cells
characterized by high thymidine uptake despite the 8 day, 11 hour preservation
period. This result was at odds with preflight 7-day storage tests of this
cell system which indicated poor function. No heterologous cell interactions
were observed, although 4 separate donor pools of buffy coat had been
combined. The major difference between pre and post flight protein and DNA
synthesis was that the mononuclear cells isolated from the postflight samples
were unstable, and clumped during centrifugation. The possibility exists that
the cells which did not aggregate were cultured at reduced density and
proliferated rapidly. The possibility that a mixed lymphocyte reaction
occurred could not be excluded.

Platelets at microgravity. Table 4. Almost all observations suggested that
microgravity conditions were favorable to platelets compared to ground
controls. Morphologically, the orbit platelets had more pseudopods and fewer
platelets were swollen and ruptured. They displayed higher aggregability by
both collagen and ADP; there was less loss of B-~thromboglobulin and
thromboxane B2 to the mediun. The medium of the orbit platelets retained
higher glucose, lower lactate, lower pO2 and higher pC02. Orbit platelets
were smaller in volume, and responded slightly better to hypotonic stress. At
the end of the 9 day, 11 hour experiment, the orbit platelets had acquired
significantly less IgG, C3c and C3d. Analysis of 125]-labelled membrane
proteins, 3H-labelled membrane glycoproteins, and platelet cytoskeletons were
quantitated by use of a scoring system based on replicate scoring
assignments. Of these, membrane glycoprotein and cytoskeleton assessments
were significantly superior for the orbit platelets.

Platelets at hypergravity. To further evaluate the importance of
gravitational force on platelet viability, studies were initiated to compare
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platelets exposed to hypergravity with control platelets held at unit gravity.
These exper iments were done in a simple centrifuge developed for the purpose.
The compression method described below was used to preserve the platelets.

The results could thus be compared to the IBSE findings which contrasted
microgravity with unit gravity. Platelets thus stored at 2xg for 7 days at
22°C were consistently inferior to unit gravity controls, as evidenced by
greater mean platelet volume, reduced response to hypotonic stress and reduced
aggregation by ADP. By contrast, pH, pCO2 and POz were not significantly
different at 2xg and unit gravity. In Figure 1, data for mean platelet volume
(MPV) from the two sets of experiments have been juxtaposed by setting MPV at
I1Xg at 100% in each set. This suggests that platelets are surprisingly
sensitive to small changes in centrifugal force. Effects on platelet response
to hypotonic stress and ADP aggregation for the two sets of experiments ran in
the same direction.

These initial findings on the effects of microgravity and hypergravity on
platelets are impressive both in the wide range of observations of properties,
functions and metabolism which were affected, as well as in the magnitude of
the differences which were registered. If confirmed, they represent important
new leads for further exploration of platelet preservation.

Ccompression storage of platelets. Present FDA regulations require that
platelets be agitated constantly during preservation in hospital blood banks
to facilitate gas exchange across the wall of the plastic bag. This
reguirement proved difficult to meet in the IBSE flight hardware. To
circumvent this limitation, we discovered that compression of the platelet
bags between open metal or plastic grids, without agitation, was an equally
effective way to preserve platelets. We attribute this to achieving a uniform
and minimum thickness of liquid suspension and maximun bag surface area 1in
compressed platelets. Taken together, this facilitates diffusion of
atmospher ic oxygen across the plastic wall to the platelets, and of carbon
dioxide from the medium to the enviromment. For IBSE, we used one of the
first prototypes of this device, in which the platelets were "compressed”
between stainless steel refrigerator shelving. Recently, this technique has
been further refined by compressing platelet bags between pieces of plastic
"honeycomb ™.

In_vivo survival of compression preserved platelets. Based on infusion of
S1cr labelled autologous platelets, i1n vivo survival of 7 day, 22° unagitated
compression-stored platelets (n=5) was compared with standard platelets
preserved by continuous agitation (n=2). In terms of yield of platelets
circulating after transfusion, half life, and life span of circulating
transfused platelets, the compression preserved platelets did not differ from
platelets preserved by the FDA-approved method. Thus, 39.3% +/-7.5% of 7 day
campressed platelets were recovered after transfusion vs 40.0% +/-1.4% for
continuously agitated platelets.

It is clear that the new compression method for preserving platelets by
circumventing the need for continuous agitation contributed significantly to
the success of the Initial Blood Storage Experiment. It also shows promise of
providing a simple useful alternative for hospital blood bank use. Recently,

the principal investigator received a NASA Certificate of Recognition and cash
award for developing this technology (Figure 2).
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NASA-IBSE
Table 1.

RED CELLS

| con -cisoar wassaroow|

GRAVITATIONAL EFFECTS

Mean

1xg ug SEM
Rbc count/mi x10 7 4.62 3.es 0.595
Pezk channe! ' €6.00 €4.44 1.870
pH 6.74 6.72 0.006"
pCO2 mmHg ' 137.22 144.31 1.872°
pC2 mmHg 4£.06 44.37 0.672
ATP pm/ghb 3.80 3.86 0.070
2,3 DFG pm/ghkb 3.12 2.84. 0.316
Giucose mg/100mi - 308.83° 310.31 3.725
K(c) meq/l 38.5¢2 38.27 0.063
Na(c) meg/l - 111.67 111.£6 0.157
Hb (pl) mg/d1 . 8.3¢ 0.33 0.515
K(pl) meg/l -~ 12.03 12.27 0.142
Na(pl) meq/l 168.22 168.17 0.331
*p<0.05
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NASA-IBESEZ
Table 2.

EED CELLS

Osmotic frag. 0.6% NACL %
O0.E2% NACL %
0.20% NACL %
P-figid pgP/10%kc
Cholesterol pa/108bc
laG on cell/molecules/c2ll
loG in call/molecules/cell
C3c on cell/molecules/cell
CZ2d on cell/molecules/cell
Agclutination with antiC3a’%
Agglutination with antiC3c¥%
Agglutination with antiC3d%
Agglutination with antilgG?

Mean
1xg Bg

2.28 3.8%
6.22 7.25
31.11 32.87
23.41 22.28
12.35 11.22
14.78 14.80
68.25 70.1¢
8.01 8.44
101.62 103.05
22.25 21.63
42.80 47.69
76.28 75.02
55.38 . 53.12

GRAVITATIONAL EFFECTS

SZM
0.£86
0.70€
1.80¢
0.420
0.208
0.457
4.322
0.30¢
3.7¢2
1.373
1.711
0.649
0.945
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TAELE 4 : SUMMARY OF IESZ

Microgravity EfZects on Survivael of Euman Platelets
after 6 davs, 2 hcurs in erdit

8 dzvs, 11 hours totzl exzeriment duration

ezrsh
Morzhologic measures: .
platalet count (x10-°/ml) 1.42
TEM score (0 to 5):
pseudcrcecds 0.70
accrecates 0.20
dezrznulated ‘4.00
swollen/ruptured 3.30
cell biclogy score (1 to 10):
memprane proteins 7.60
membrane glycoprots . 7.0%8
cytosgkeleton 8§.08
Functional measures:
Collagen aggregation (%) 6.70
ADP aggregation (%) : 5.00
Sercteonin uptake (%) . 3.10
ATD relezse (nmel/10° plts) 0
Stuyrven clctting time (sez) 20
extracallular B-TG (ug/ml) 5.638
extracellular TX-22 (sec) 10.67
Metzkolic measures: ’
EE 5.76
Gluccse (mg/100ml) 29.%0
FO:; (mm/Eg) 206.88
ECO; (mm/Eg) ' 8.04
Laczzt2 (mmol/L) 23.60
EFZ=S '
Mezn plztslet volume (um?) 9.77
Immunolcgic studies:
Tctal IcG (mol/plt) 4004:
Surfzce bouné IgG (mol/plt) 4753
C3c kcunéd (mol/plt) 2283
C3d bcund (mol/plt) ‘ 2082

1.40

1.11
0.11
3.67
. 2.78

€.02
5.40
4.92

17.33
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0.27
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50.96
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ABSTRACT

The Initial Blood Storage Experiment (IBSE), probed the behavior of human red
cells, white cells and platelets during 6 days and 2 hours exposure to
microgravity on a NASA shuttle mission, STS 61-C launched on January 12, 19g6.
The experiment was designed to screen for a large number of potential
gravitational effects on blood cells. IBSE was planned as a carefully
controlled comparison between identical sets of blood cells, one of which was
exposed to microgravity while the other set was held on the ground. .OF
several control issues, most attention was paid to damping the vibration
encountered at launch. Specially designed and fabr'icatea'f‘light hardware
provided appropriate environmental temperatures and air flows for the blood
cells. Post-flight scientific measurements were carried out on coded samples,
and blocking techniques were used to assure comparability. Analysis -of
variance was used in processing the data. The most striking result was the
finding that platelets displayed markedly superior survival at m'icrogravi-ty.
Granulocytes held on the ground were preserved better than those which orbited
in the shuttle. Red cells displayed few effects attributable to the
gravitational variable, with ground storage being favored. PVC-DEHP was the
plastic of choice for red cells, while PVC-TOTM was superior to PVC-DEHP and

PO for p'laté]ets .

Index terms: blood cells, storage, microgravity



whether in the blood stream or in the blood bank, the blood cells are
continuously exposed to the .inﬂuence of earth’s gravity. Within the blocd
stream, the influence of gravity may be partially obscured by fluid dynamic
effects resulting from rapid flow of the blood. In the laboratory, however,
there are clear indications that the exposure of blood cells to
hypergravitational force can result in injury (1,2). The term ‘sedimentaticn
lesion’ has been used occasionally to descrjbe this injury. It is thus
reasonable to postulate that eliminating the 'influencg of gravity by exposure
of blood cells to a microgravity enviromment might have a beneficial effect on
those blood cells, particularly platelets and white qe'l'ls, which are sensitive
to cell-cell interactions. These considerations provided the incentive to
study blood cell suspensions after exposure for several days to a microgravity

environment during a space shuttle mission.

The specific aims of the Initial Blood Storage Experiment (IBSE) were to
investigate the effects of microgravity on the formed elements of human blood;
to evaluate the fundamental cell physiology of erythrocytes, leukocytes and
platelets during storage at microgravity in three different
polymer/plasticizer formulations; to improve our understanding of basic blood
cell physiology; and to contribute to improved survival and efficacy of blood

cells for transfusion.

Present Position: Douglas MacN. Surgenor, Ph.D.
Senior Investigator
The Center for Blood Research



In this paper we describe the experimental design, methods, experiment
logistics and statistical analysis of data which contribute to the successful
execution of the Initial Blood Storage Experiment, and which form the base for

the more detailed scientific results which follow.
EXPERIMENTAL DESIGN

IBSE was planned as a carefully controlled comparison between identical sets
of human blood cell concentrates, one of which was exposed to microgravity on
a épace shuttle mission, and the other held at unit gravity. During the
experiment, multiple sanmples of the individual types of blood cells were
stbred within specially fabricated flight hardware under specific
environmental conditions of pH, 1ionic strength, solute composition, gas
tension and temperature previously found optimal for cell preservation. At
~termination of the orbiter mission, the two sets of blood cells were then
subjected to measurements to evaluate a range of cell functions. Several
features of the design were intended to maximize the chance of detecting a
gravitational effect and give added confidence to the outcomes. The location
of each bloocd cell sample within the flight hardware was specifically
assigned. Blocking techniques were used to assure comparability between
ground and orbit samples. The set of measurements and observations to be made
on the post flight sanp]es were carefully selected. Through use of coded
samples, the identity of the postflight samples was blinded from the

investigators until all postflight measurements were completed.

Flight Hardware to provide an optimal enviromment for storage of the blood

cells during the experiment was designed and fabricated by AD Little Inc,



Cambridge Mass, and is described in a separate paper (3). The hardware units
were supplied throughout the experiment from external pcwer sourceé and were
"designed to operate independently of crew involvement, 'although pericdic
temperature checks were made via an externé'l Jjack on both flight and ground
units during the duration of the experiment. The plastic bags containing the
blood cells were carried within temperature controlled stainless steel dewar
chambers. A continucus flow of air was pr'ovic_'ied to support cell respiration
and remove carbon dioxide during tﬁe experiment. Red cells and white cells

were held at 5 deg +/-1degC, while platelets were stored at 22deg +/- 1idegC.

Controls. The experimental design sought to minimize treatment differences
between the two sets of samples otﬁer than those attributable to microgravity
vsS. unit gravity. Among the control issues considered were effects of
acceleration and vibration during launch, differences in incident irradiation,
and differences in the composition of the gas phase enviromment surrounding
the cells in the orbiter vs. the ground laboratory. The most serious of these
was thought to be the vibration issue; this was dealt with by encasing the
hardware units within standard NASA lockers using plastic foam padding (3). On
analysis the gravitational effect due to acceleration at launch was found to
be small and of short duration; it was disregarded. Based on NASA radiation
dosimetry measurements 1in shuttle flights and known effects of X-ray
irradiation on blood cells, it was concluded tr;at. this variable could also be
neglected in this initial experiment. NASA specifications fér the air in the
middeck of the shuttle were considered to be comparable to ground conditions.
No attempt was made to control for trace contaminants unique to the middeck
air supply. After the mission was completed we were informed by NASA that

cabin pressure had been reduced from nominal 14.7 psia to 10.3 psi for 74



hours during the mission. During this period, the partial pressure of oxygen
was reduced from nominal 3.3 psia to 2.7 psia, well above the level of oxygen
(ca.10 mm or 0.2 psia) below which platelet respiration might decline (4). The
partial pressure of carbon dioxide remained below 0.03 psia throughout the
mission. We have no reason to believe that blood cell respiration was

adversely affected by this change in the middeck environment.

Field Operations. The overall logistic p'lan for_IBSE was as follows. Blood
collection and preparation of the experimental samples were carried out at the
Central Florida Bliocod Bank in Orlando, Florida. Following transport to NASA
laboratory facilities at KSC, the sealed plastic baés of blood cell
suspensions were loaded, using clean technigues, into the IBSE flight hardware
units which were then closed and connected to ground( power sources. The units
to be transported aboard Colurbia were turned over to NASA ground personnel;
the units serving as ground controls were held in a NASA laboratory at Kennedy
Space Center (KSC). On landing of Colurbia, which took place at- the
contingency landing site at Edwards Air Force Base in California, the flight
hardware units were removed from the shuttie and transported by jet back to
KSC. The plastic bags were then removed; and after gentle agitation, aliquots
of the blood cell suspensions were distributed into sample tubes identified
only by code. The sarples were inmmediately handed over to the investigators
for study. When all the postflight observations and measurements had been
completed, the data were enﬁered into the IBSE data base at the Harvard School
of Public Heaith (HSPH), the code was broken, revealing the nature of each
sample, the type of plastic bag which had been used, and the exact placement

location of the bag within the hardware units. Statistical analyses of the



data were then carried out (see below). The following details pertain to the

IBSE field operations.

o Blood was drawn into standard CPD anticoagulant (5) from a tﬁta1 of 34
normal volunteer blood donors of the same group and type whose blood was
negative for viral markers and had been used on previous occasions for
clinical transfusion. To é'l'imi'nate‘ individual variability, the
suspensions of red cells, wh*itg_ cells and platelets for the experiment
were pooled and thoroughly mixed before being d'istributedA into the
sample bags for storage in the experiment. A single sample of each
pooled suspension was reserved as a baseline sanpie to validate the
quality of the blood cells at the outset of the experiment. These
samples were assayed inmediately following launch of the shutt_‘l_e. whole
blood was used for the red cell portion of the IBSE (6). Platelets and
white cells were separated as described 7,8). Three types of standcard
FDA-approved plastic blood bags (300 ml.) were used to carry each
biological payload (red cells, white cells, and platelets): polyvinyl
chloride plasticized with di-2-ethylhexylphthalate (PVC-DEHP), polyvinyl
chloride plasticized with trioctyltrimellitate (PVC-TOTM) and
unplasticized polyolefin (PO). Egqual numbers of each type of bag were
randcmly allocated to orbit and ground condition. Table 1 summarizes

the basic sample design.

(o) The IBSE flight hardware units were placed aboard Columbia on the launch
pad 12 hrs prior to launch. During the Colurbia mission, surveillance
of the experiment by the crew on the orbiter, and by IBSE personnel on

the ground, consisted of visual checks to assure that the units were



functioning; and measurements of a single temperature reading within

each unit via an external Jack.

o Scientific studies on the postflight orbit and ground samples were begun
at KSC by the scientific team immediately upoh receipt of the aliquots
of cell suspensions. In many cases, i.e.. measurement of pH, pO2 and
pQ02, the analyses were completed at KSC within a few hours; in other
cases, i.e.. electron microscopic obsgrvations and more complex cell
constituent measurements, the assays were carried to a point at KsC
where they could be safely interrupted, at which time they were
transported back to the investigators’ home laboratories for completion.
Other details of methods and procedures are given in accompanying papers

relating to specific parts of the IBSE project (3,6,7,8,9).

Flight Duration and Events. A summary of the IBSE chronology_is shown in
Table 1. The elapsed time for STS 61-C, the Columbia mission, was 6 days and
2 hours, which includes an unplanned extension of the mission by 1 day and the
landing in California. This was the duration of exposure of the orbit blood
cells to microgravity. However the overall elapsed time from blood collection
to postflight sampling was longer. The launch of Colurbia had been repeatedly
delayed, giving rise to strains in the logistics of blood collection. In the
end, the successful launch carried a biologic payload which had been subjected
to a 1 day postponement. The red blood cells flown in IBSE had been collected
3 days and 0 hours before launch; while the platelets and white cells had been
collected 2 days and O hours before. As a result, the overall e'labsed time
for the red cells in IBSE was 9 days and 11 hours, while that of the platelets

and white cells was 8 days and 11 hours.



The preservation conditions for red cells assﬁred excellent posttransfusion
survival for a period of 21 days after collection; i.e. if transfused at that
time, more than 70% of the cells would be expected to survive in the
circulation of a recipient. For platelets, on the other hand, our evidence
suggests that only 40% would have survived if transfused after only 7 days
(10). Few granulocytes, which have a 1life _of only 2 to 3 days in the
circulation, wére expected to survive the 8 day 11 overall duration of ;BSE.
Thus the duration of IBSE intersected the survival curves of the blood cells
at quite differ;ent zones. At the time of postflight aliquotting of sampiles,
well over 90% of the red cells should still have been viable, while less than
40% of the p‘laﬁe'lets could be expected to exhibit functional integrity at the

end.

Several minor events were noted at the termination of the experiment. One bag
of platelets (PVC-TOTM) was found to have leaked as a resuit of a minute crack
in the plastic. Data from this unit were excluded. On testing of the
hardware units after they had been unloaded, it was found that an air pump in
a unit from the orbiter did not start. Based on measurements of electrical -
current drawn by this unit,as well as on measurements of pO2, pC02 and pH made
on samples removed from the affected hardware unit, it was concluded that this
failure had probabtly near the end of its return Jjourney to KSC (3).
Experimental measurements made on the samples from this unit were not
excluded. Finally, scrutiny of the log of temperature measurements on the
flight hardware by the Columbia crew during the flight revealed that a single

temperature reading was out of range; no action was taken.
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Statistical Analysis of Data. The data received from the investigators was
listed only by coded sa_np?e nutber. The first step in data processing was to
match the code numbers with original bag numbers to determine information on
bag type (PVC-DEHP, PVC-TOTM, and PO), orbital st.atusn (orbit, ground) and
storage location within the hardware units. The method of analysis used was
analysis of variance. The analysis tool was SAS (Statistical Analysis System
release 82.4, SAS Institute, Cary NC.). For those sets with fully balanced
factors, the SAS ANOVA procedure was used, while for the others, the GWM
(General Linear Models) procedure was used. Most data séts included either 18
or 20 samples. In Table 2 is presented an illustration, based on the data
from measurements of mean platelet vo1®, of the some of the statistical
comparisons which the IBSE experimental des_ign made possible. Means and
standard errors of the mean (based on a pooled error varjance) were calculated
for each set of bags by plasticizer/polymer type and orbital status; for all
bags of each plasticizer/polymer type; and for all bags of each orbital status
(ground or orbit). These are shown within appropriate cells of the matrix. If
an analysis of variance indicated statistical significance at the 5% level,
- the p-value was reported. A significant difference was revealed (p=0.007)
between orbit and ground samples, adjusting for plastic type. Comparison of
orbit and ground platelet samples in the single plastic/polymer type: PVC-
TOTM; gave @ p value of 0.0003. Similarly, comparisons between plastics,
adjusting for orbital status revealed a p value of 0.0001. Within some of the
large data sets, interaction effects between orbital status and

plasticizer/polymer type could be identified.

We noted above that the individual plastic bags were assigned to a specific

location within the experimental hardware units. This made it possible to
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analyze for effects of location of storage on the experimental findings. To
do t.his., two additional factors were assigned to red cell and white cell bags,
one for the dewar chamber and the other for shelf position within a dewar.
(The red cell and white cell bags were Carried on three veFt*ica‘l shelves
within 6 ’cold’ dewars). For p]at,e'lets; where only one pair of dewars was
used, a single position factor was assigned; for upper and- lower location. In
most cases, the inclusion of these factors diq not affect the conclusions as
to significance with respect to qrbit vs ground, or plasticizer/polymer type.
But in other instances, the dewar or position had a statistica'l-‘ly significant
effect on the outcome. In a few cases, the inclusion of these factors altered

the significance levels of the experimental measurements.
RESULTS

During the postflight phase of IBSE, over 1500 pieces of data were reported by
the investigators for 92 outcome measurements. An overall sumary of the
scientific findings from IBSE 'ié provided here in Table 3. In only 3 out of
35 sets of measurements of red blood cells were the comparisons between earth
and orbit significantly different; and the samples held on the ground were
superior in those three instances. For the granulocytes, 4 out of 17 sets of
measurements were statistically significant, with ground samples superior in
all cases. The results obtained from study of the platelets revealed a quite
different picture. Of 32 sets of measurements, 12 revealed statistically
significant differences which showed that the platelets which had been exposed
to microgravity possessed superior properties, suggesting a definitely
superior survival of the platelets which had been carried on Columbia. The

impressive picture of platelet survival at microgravity portrayed by numerous
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functional measures was corroborated by measurements of mean platelet volume,

platelet count, and visualization by transmission electromnmicrograchy.

In 24 sets of functional, biochemical or morphologic measurements of all céﬂ
types, statistical analyses revealed s'ign'ificant effects attributable to
dewar-to-dewar or position differences within dewars of plastic bags
containing blood samples. These effects appeared with greatest frequency
among white cell (granulocyte) bags (9 out of; 17 data sets), but were found
quite frequently 1in the case of b]ate]ets (10 out of 32 data sets.
Interestingly, for all three types of blood cells, rbc, wbc and platelets, pH
was found to be sensitive to locus within the be1th hardware.  These
positional effects could have resulted from variations in sample temperature
and/or air flows around the plastic bags at different loci within 41':.he dewar
chambers. They suggest imperfections in the interior design of the flight

hardware which should be addressed in another experiment.

IBSE also yielded important insight into the effects of plasticizer/polymer
composition, independent of gravitational status, on the formed elements of
the blood. Statistically significant differences were revealed in 25 out the
92 measurement categories. Two conclusions in particular are of current
importance for transfusion medicine. The red cell data corroborated recent
evidence by others of the stabilizing effect of the plasticizer DEHP in PVC-
DEHP, on red cell menbrénes (11,12). In addition, the platelet studies
strongly confirmed the superiority of the plastic forqulat*ion PVC-TOT™ as the
plastic of choice for platelet pfeservat‘ion (13). One indication of this is
shown in the data in Table 2. In other studies from IBSE, binding of IgG, C3c

and C3d to the platelet membrane was found to be lowest in platelets stored in
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PVC-TOT™ bags (14). Finally, in 5 sets of measurements of platelets,
statistical analysis revea1ed. the existence of a significant interacticn
between the gravitational effect and the nature of the plasticizer/polymer
composition of the bags in which the platelets were carried. In each of these
cases, the plastic bag which offered. the most favorable effects of

microgravity on the platelets was the PVC-TOTM bag.

The detailed scientific findings from the Initial Blood - Storage Experiment

"will be found in a separate set of reports (6,7,8,9,10).
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