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INTRODUCTION 

The therapeutic use of PGBX (1, 2, 3, 4) in the treatment of human 
ischemic pathologies was suggested by successful animal experiments in 
a number of laboratories (5, 6, 7, 8, 9, 10, 11, 12). Before human trials 
may be attempted, it is necessary to first know the mechanism of the 
in vivo action of PGBX. Towards this end studies have been underway in 
this laboratory to elucidate the in vitro mechanism of the PGBX effect 
on phosphorylation activity of degraded RLM, in the hope that this would 
then lead to an understanding of the in vivo mechanisms of action. 

In earlier reports Polis et al (3) and Angelakos et al (7, 8) indicated 
that the PGBX effect can only be demonstrated with degraded RLM.  In pre- 
ceding reports of this series, we pointed out that the PGBX effect could 
only be demonstrated with RLM exposed to modified State 4 Respiratory 
Conditions (13) i.e. nucleotides omitted.  It was further reported that 
the PGBX effect was dependent upon the composition of the State 4 Respira- 
tory Conditions (14) and on the order of addition of PGBX and RLM to the 
test system (15). 

In this report we show that oxygen is an absolute requirement for the 
PGBX effect.  This oxygen requirement is over and above that required 
for oxidative phosphorylation reaction of RLM. 

EXPERIMENTAL 

Methods and Materials 

PGBX (Type II) (16) was synthesized as described previously (2, 3, 4) 
and assayed for its effect on the oxidative phosphorylation ability of 
degraded RLM by the method of Polis et al (2, 3, 4).  The dissolved oxygen 
concentration was determined with a YSI Biological Oxygen Monitor (Yellow 
Springs Instrument Co. Inc., Yellow Springs, Ohio). 

Note: Abbreviations used in this report are: RLM, rat liver mitochondria; 
mS4RC, modified State 4 Respiratory Conditions; Pi, inorganic phosphate. 
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RESULTS 

Stability of RLM exposed to anaerobic conditions 

In the normal PGBX in vitro assay system, RLM are incubated in the mS4RC 
mixture equilibrated with air during both the degradation stage and the 
phosphorylation stage.  In this study we carried out the degradation of 
RLM in a deoxygenated medium, and since oxygen is an absolute requirement 
for oxidative phosphorylation, it was necessary then to re-equilibrate 
the deoxygenated medium with air prior to the addition of the reactants 
of the 2nd stage of the PGBX assay.  The experimental protocol is described 
in the following text. 

TABLE I 

The Composition of the Medium for the Demonstration of the PGBX 
Effect on Mitochondrial Oxidative Phosphorylation 

Mitochondrial 
Degrading 

Order of Addition Medium Reaction Mixture 

Water                           1.55 ml 1.55 ml 

Phosphate Buffer pH 7.35           4.98 mM 4.55 mM 

ct-Ketoglutarate pH 7.35           14.93 mM 13.64 mM 

MgS04                            4.98 mM 4.55 mM 

Aged Mitochondria                  1.99 mg/ml 1.82 mg/ml 

Sucrose*                         5.97 mM 5.45 mM 

EDTA*                             0.010 mM 0.0009 mM 

AMP                                 2.27 mM 

AQp                                 2.27 mM 

JTQ-L                               45.45 mM 

Bovine Serum Albumin                 °-68 mg/ml 

Total Volume:  2.20 ml 
Temperature:  28° 

*Added with mitochondria 

Degradation Time:  5-20 minutes 
Reaction Time:  20 minutes 
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Table I lists the reactants of Stage 1 and Stage 2 of the in vitro PGBX 
assay system as well as the assay conditions.  In this study, because 
of the size of the chambers of the Biological Monitor, the total volume 
was doubled.  The degradation mixture (3.94 ml) was added to the Biological 
Oxygen Monitor Chamber and equilibrated to constant temperature (27 ). 
The oxygen sensor was then inserted in the chamber and lowered to about 
1/2 cm above the liquid. A stream of nitrogen was directed just above 
the stirred liquid by means of a narrow gauge hypodermic needle fitted 
through the access slot of the sensor. At periodic intervals the gas 
flow was stopped, the sensor lowered below the liquid level to expell 
all gas bubbles and the dissolved oxygen determined.^ If the dissolved 
oxygen content was not zero, the sensor was raised above the liquid and 
the flow of nitrogen continued.  This process was repeated until the 
mixture was completely deoxygenated.  In preliminary tests the time required 
to deoxygenate the degradation medium was 1.5 minutes, however in this 
study a deoxygenation time of three minutes was used routinely to assure 
complete deoxygenation without the need to analyze the oxygen content for 
each test.  The purpose of this was to maintain a constant volume of the 
degradation mixture since each time the sensor is lowered into the liquid 
some of the liquid is expelled through the access slot.  RLM (8.0 mg) 
were added to the deoxygenated medium, the flow of nitrogen started and 
the solution stirred.  In this way the RLM were exposed to a hypotonic 
medium under anaerobic conditions. At the end of the exposure time, the 
sensor was removed and the gases above the liquid replaced with air by 
applying a vacuum in the chamber.  In preliminary tests it was found that 
the solution could be completely reoxygenated within ten seconds. Routinely 
15 seconds reoxygenation time was used and the reagents of Stage 2 in vitro 
PGBX effect were then added and the reaction continued for 20 minutes. 
The Pi esterified was then measured as described previously (2, 3). With 
this short reoxygenation time no adverse effect on RLM phosphorylation 
activity was measurable. 

Figure 1 shows the effect of exposing RLM to mS4RC under aerobic and 
anaerobic conditions. The results are plotted as the residual phosphoryla- 
tion ability of RLM as a function of time of exposure to the hypotonic 
media.  Curve X X is the normal PGB assay curve, i.e. aerobic, while 
curve o o the assay curve obtained under anaerobic conditions.  The 
phosphorylating ability of RLM exposed to aerobic conditions falls rapidly 
with time, and by eight minutes is completely void of all phosphorylating 
activity.  This rate of loss of activity is a function of the age of RLM. 
Freshly isolated RLM still are capable of phosphorylation activity even 
after 20-30 minutes exposure. However the time required to reduce the 
phosphorylation activity is lessened as the RLM age.  In contrast to the 
normal response, the phosphorylation activity of RLM exposed to hypotonic 
medium in the absence of oxygen was maintained at a consistently high 
level, even after 20 minutes exposure. 
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The effect of PGBX on the phosphorylation activity of RLM exposed to 
hypotonic media under anaerobic and aerobic conditions were tested by 
carrying out the assays with varying amounts of PGBx using a constant 
exposure time of five minutes.  The results are plotted in Figure 2. As 
expected, the aerobic reaction gave the typical PGBX-Type II biphasic 
response in that a maximum phosphorylation activity was found when RLM 
were treated with 2.27 to 9.09 yg PGBX per ml of reaction (1.25 to 5.0 yg 
PGBx/mg: RLM).  In contrast only minor changes were observed in the phos- 
phorylation ability of RLM degraded under anaerobic conditions. With only 
a five minute exposure time, only a small amount of phosphorylation inhi- 
bition was observed (see 0 PGBX concentration). At higher concentrations 
of PGBX there was an improvement in phosphorylation activity. Most inter- 
esting was the finding that the highest concentration of PGBX (20 yg/mg RLM), 
completely reduced the phosphorylation ability of aerobically degraded 
RLM to zero.  Under anaerobic conditions similarly treated RLM functioned 
with a high degree of phosphorylation ability. 

DISCUSSION 

The in vitro PGBX effect on rat liver mitochondrial oxidative phosphory- 
lation was proposed by Polls et al (2, 3) to be an enhancement of the 
decreased phosphorylation ability of damaged RLM resulting from exposure 
to hypotonic media at 27°.  This PGBX effect was recently shown by Shmukler 
et al (14, 15) to take place only when RLM were exposed to degradative 
conditions in the presence of PGBX.  From these results it was concluded 
that PGBX functions to stabilize RLM during exposure to degradative condi- 
tions.  The results of the study reported here, support this mechanism. 
When RLM are exposed to hypotonic shock under anaerobic conditions, they 
still maintain a high degree of oxidative phosphorylation, suggesting 
that these RLM are not degraded.  This conclusion is supported by the 
finding that when these RLM are pretreated with PGBX according to the 
in vitro PGBX assay system, no effect on phosphorylation was observed. 
This is similar to that observed when undegraded isolated RLM are treated 
with PGBX. 



NADC-81245-60 

e 
a 1 
i-t c O 
*J       co- 0 to u 
ed.       O o a- T3 a 
H        X! o CU T3 

£■■   a Ü 
•H 

•H 
4-1 

4-1 G 
3 

o      <u XI •H 0 
XT       X! o •a a.      o CO 
a     4-1 u 3 CU ■H 
CO CU O M          CU T3 
O          CO to O > CU 

X! .      i-l   ' CU        u B 
Cu M r-l U         3 

+ OJ CtJ CU        u CJ 
M-l T3 B 5 •H 
O c u 3 

3 o to • O 
tu 3 r-4          4-1 4-1 
o co •H          VJ O 
e •H CU CO 3 a 
<0      H h T3 XI 4-> X >> 
e CU ■ 4J CU 1) XI 
v 1) 8 13          U 
•u > co o 
(3 -4 ü •H rH /I 4-1 

•H 3 •H CO         i-l 
CD         t 3 3 co Ü         XI T3 
a o •H •H          4J CU 

4-1 XI 4J CO 
X • o H >*         M-l o 

« 0 
-1 

i-H 
CO 

3 
& 

CM        n 3 XI ■ C      r CU 
U CU to A 

<U        S 2 o e ■a 1 XI 4-> •H CU 3 
4-1 J 

4 •a 
4-1 XI        XI 

4-1            4J 
nö 

a 3. 01 01 1) M-l 
o 3 to t-i T3        £ 0 

4 J o 3 3       : 
c 3 a CO CO >> 
0) X * o -J 4-1 
00 >-. CU a. 4J I) •H 
>■»       B a X CJ           T3 > 
X s CU CU 3 •H 
o 3 IH 3 4-1 

4 -i BS M-l M-l CJ 
M-i o CU          13 CO 
O         1 3 M-l 3 

11 O 3 X! ■o 3 
4-1 D o n o • 
o  ■ 3 >, •H O             '-v •H CO 
OJ 2. 4-1 4-1 CM         «* 4J a 

M-l *S •H a CO o 
M-l           C H > s tu « rH •H 
w •H 3 xl      en ^ 4-1 ' s 4-1 U-l 4-1 )-l •H 
01         ' Ü *• O •a 

XI        c d co n) 00          CN XI 3 
H 3       w a o 

M -i 3 CO •H co o 
3 O CO M >* o 

a •r4 3           H XI CJ 
r-l >* 4-1 * CO CO o. •H 

4 J CO co CO 3 Xl 
CU         i -4 r-H C CU 0 CU o 
h > >> o ■a l-l XI J-l 
3         i H M •H > 4-1 CU 
00         4 -1 O 4-1 M CU CO 
•H J XI •H O u co .3 
tu < a T3 M-l 3. •H CO 

+1   — 

o 
< a < 
et a 

(w«) aiMiuusa M 



NADC-81245-60 

i *-\ 
M «* 

«a "  o 
o •O         -rt » 
fU 01         XI 

U          0 
en 

M-l 3        H * 
0 CO          01 CN 

cd       cd N-^ 

►, oi      e 
4-1 a      cd ►> •rt iH 
i-l CO        n co 
T4 cd      at 3 
Xt &     "2 o 
cd c •H 

. •      3 > 
'a 0) 
o 13 U 

•H 01 ft 
4-1 M 
cd 3 T3 

p-i 01 01 

& 
•       cd 

01 
XI 

0 oi     a VJ 

Xi > CJ 
ft M         CO CO 
in 3       cd 01 
0 O       S •o 
X! 
(X o 01 • l-l 
d) cd 01 

43 •H 3 
4J T3 

01 CO • 
a s .H 4J 
o ( 3 •H u 

o cd o 
a •H U 4-1 ft 
o> c •   : > CÜ 01 
60 0 ■4 

3 
■a M 

5? o J rH CO 
iS ft cd 1-1 

^ * o X! 
U-l • sc » 1-4. 4-1 
o . 3 4J 

o 3 >> <U 
4-1 4-1           1 -1 r-4 O 
u 4 J Cd. 
01 ■Ü           1 H er z 

U-l 0)         1 3 cd CO 
m CO 3 T3 
w 0 3 01 o 

a J xr X! 
01 X H u 
x: W J a 
H i -1 X 

S   J a 
3 CO • PS u e u 

ts 3) o 01 
•Ö Tl •H •3 

01 01   •■ 4J 3 
M 4-1 -4 •H 3 
3 rt u T3 
00 01        n a 3 T3 
•H u 3 O 3 
P* u 3 Ü cd 

(«•«) aiMimis] M 



NADC-81245-60 

REFERENCES 

1. Polis, B. D., A. M. Grandizio and E. Polis:  Some in vitro and in vivo 
Effects of a New Prostaglandin Derivative. Neurohumoral and Metabolic 
Aspects of Injury. Adv. in Exper. Med. and Biol., Plenum Press, New York 
33:213-220 (1973). 

2. Polis, B. D., S. F. Kwong, E. Polis and G. Nelson:  Studies on PGB^: A 
Polymeric Derivative of Prostaglandin Bi:  I - Synthesis and Purification 
of PGBX.  Report No. NADC-78235-60 (1978). 

3. Polis, B. D., E. Polis and S. F. Kwong: Protection and Reactivation of 
Oxidative Phosphorylation in Mitochondria by a Stable Free-Radical Prosta- 
glandin Polymer (PGBX). Proc. Natl. Acd. Sei., 76:1598-1602 (1979). 

4. Polis, B. D., S. F. Kwong, E. Polis, G. Nelson, and H. W. Shmukler.  Studies 
on PGBX, a polymeric derivative of prostaglandin B\:     I - Synthesis and 
purification of PGBX. Physiol. Chem. Phys., 11, 109 (1979). 

5. Angelakos, E. T., B. D. Polis and R. L. Riley: Recovery After Coronary 
Ligation and Fibrillation in Primates Treated with a Prostaglandin Deriva- 
tive.  47th Scientific Sessions American Heart Association, Abstracts, 
Dallas, Texas (1974). 

6. Angelakos, E. T., B. D. Polis and R. L. Riley: Protection by a Prosta- 
glandin Derivative from Mortality after Coronary Ligation from Ventricular 
Fibrillation in Primates.  6th International Congress of Pharmacology 
Abstracts, Helsinki, Finland (1975). 

7. Angelakos, E. T., R. L. Riley and B. D. Polis: Recovery of Monkeys from 
Cardiogenic Shock After Myocardial Infarction with Ventricular Fibrillation. 
Effects of PGBX.  Report No. NADC-77308-60 (1977). 

8. Angelakos, E. T., R. L. Riley and B. D. Polis. Recovery of Monkeys after 
Myocardial Infarction with Ventricular Fibrillation. Effects of PGBX. 
Physiol. Chem. Phys., 12, 81 (1980). 

9. Kolata, R. J.:  The Effect of PGBX on Neurological Recovery from Cerebral 
Ischemia in Rabbits. Masters Thesis, Univ. of Penna. Veterinary School 
(1977). 



NADC-81245-60 

10. Kolata, R. J. and B. D. Polis:  Facilitation of Recovery from Ischemic 
Brain Damage in Rabbits by Polymeric Prostaglandin PGBX, a Mitochondrial 
Protective Agent.  Physiol. Chem. and Physics 12, 551 (1980). 

11. Yamazaki, H., M. M. Bodenheimer, V. S. Banka, J. Lewandowski and R. H. 
Helfant:  The Effect of a New Prostaglandin (PGBX) on Length-tension. 

12. Moss, G., T. Magliochetti and R. Quarmby:  Immediate Restoration of Central 
Nervous System Autonomie Cardio-pulmonary Control:  Survival of "Lethal" 
Cerebral Hypoxia by Treatment with PGBX.  Surgical Forum, 21:513 (1978). 

13. Chance, B. and G. R. Williams: Respiratory Enzymes in Oxidative Phos- 
phorylation III.  Steady State.  J. Biol. Chem.  217, 409 (1955). 

14. Shmukler, H. W., M. G. Zawryt and E. Soffer:  Studies on the Mechanism of 
Action of the in vitro PGBX Effect.  I.  Composition of Reaction Medium 
of PGBX Effect.  Report No. NADC-81223-60 (1981). 

15. Shmukler, H. W., M. G. Zawryt and E. Soffer: Studies on the Mechanism of 
Action of the in vitro PGBX Effect. IV. The Effect of Order of Addition 
of PGBx to Assay System.  Report No. NADC-81244-60 (1981). 

16. Shmukler, H. W., S. F. Kwong,E. Soffer, M. G. Zawryt, W. Feely and E. Polis: 
Studies on PGBX:  Fractionation by a Combination of Dialysis and Molecular 
Exclusion Chromatography.  Report No. NADC-80156-60 (1980). 


