Carroll et al, Energy and redox state and protein synthetic rate in placentas 21

J. Perinat. Med.
15 (1987) 21

Observations on the energy and redox state and protein synthetic
rate in animal and human placentas

Michael J. Carroll and Maureen Young

Department of Gynecology, St. Thomas’ Hospital Medical School, London,

U.K.

1 Introduction

Dual perfusion of the isolated lobule of the
human placenta is increasingly used for trans-
port and metabolic studies: the method is rela-
tively simple because only a portion of the large
organ is used [24]. Assessment of the biological
function of the preparation is most important
for the trophoblast is known to have a high
oxygen consumption [6] a high glucose utiliza-
tion rate [23] and a high protein turnover rate
in vivo [35] and might be expected to deteriorate
quickly, suffering ischemic injury both during
collection, and as a consequence of subsequent
inadequate perfusion. CARROLL and YOUNG [7]
showed that tissue ATP values fall swiftly dur-
ing ischemia, being halved in one minute in the
guinea pig placenta, and BLoxaM and BOBINSKI
(4] had similar findings for ATP, ATP/ADP
ratios and energy charge in the human placenta
after delivery. In contrast, PENFOLD et al. [22],
SiMmMoNDs et al. [28] and ILLSLEY et al. [17]
found little deterioration of the energy charge
during 30 minutes after delivery and consider
the human placenta a robust organ which does
not deteriorate quickly. These investigators also
considered that the tissue of the lobule dually
. perfused with oxygenated Krebs-Ringer

solution, was stable for two to three hours,

using the criteria of energy charge and oxygen
and glucose consumption; further they ob-
served little change in ultrastructure during this
procedure [16]. CONTRACTOR et al. [8] however,
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found cell swelling and vacuolation of the tro-
phoblast after only one hour’s open circuit per-
fusion with Earl’s solution containing dextran,
but little change in ultrastructure after two
hours closed circuit perfusion using autologous
fetal blood in the medium, confirming the ben-
eficial effect of perfusing with blood, observed
earlier by PANIGEL [21).

A third indicator of viability during perfusion,
namely, mixed protein synthetic rate of the
tissue has also been used by CARROLL and
YOUNG [7] and YOUNG and SCHNEIDER [34].
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Both perfused the intervillous space only, to
minimize the delay in supplying the tissue with
oxygen and nutrients after delivery; the latter
oxygenated their medium in the usual way with
95% 02 and 5% CO: whilst the former pro-
vided a more abundant supply with oxygenated
red cells. Both groups found a lower turnover
rate than is observed ‘in vivo’ in the pregnant
ewe [36]. PALMER et al. [20) find that ‘in vitro’
techniques for protein turnover rate in skeletal
muscle, give values which are one fifth those
given by ‘in vivo’ methods, highlighting the
difficulty in assuring the correct environment
in isolated perfused tissues [12].

In this paper our preliminary observations are
presented in full and extended to report the
influence of the precursors of ATP, adenosine
and inosine, on the energy and redox state of
the human placenta and of its protein synthetic
rate.

2 Biological materials, methods and protocols
2.1 Guinea-pig-and-sheep placentas

Guinea-pig placentas were studied in does,
55—62 days’ pregnant (Duncan Hartley strain).
The effect of ischemia was observed following
cervical dislocation when the placentas were
quickly sampled through a laparotomy and
hysterotomy at approximately 15 second inter-
vals for 2 minutes. The influence of nembutal
anesthesia, 25—30 mg/Kg, was also studied in
the same way; samples were taken at less fre-
quent intervals, approximately 20— 30 minutes
for 11 hours with as little disturbance as pos-
sible of the remaining fetuses and their placen-
tal circulations. 3 — 6 placentas were taken from
each animal. ATP and lactate concentrations
were also measured in the cotyledons of sheep
placentas sampled from pregnant Welsh moun-
tain ewes at 135—145 days’ gestation, under
Chloralose, (10 mg/Kg) or Nembutal 10—20
mg/Kg anesthesia. The influence of ischemia
was investigated by excising cotyledons and
leaving them at room remperature when sam-
ples were taken approximately every 15 seconds
for 2 minutes.

2.2 Human placental lobule

In order to measure the deterioration in the
metabolite levels in the human placenta after
delivery, the whole organ was placed on a plas-
tic sheet on crushed ice within 1 — 3 minutes of
delivery and samples taken at intervals during
one and a half hours.

The influence of perfusion for one hour was
measured in lobules in which only the maternal
intervillous space was perfused [36]; adjacent
non-perfused samples were also taken at this
time to measure the extent of the deterioration
which occurs at 37 °C. The whole placenta, kept
on crushed ice as before, was examined on the
maternal surface for a discrete lobule. This was
fitted, maternal side up, onto a plastic ring
carrying six sturdy pins to pierce the tissue, and
then cut away from the body of the placenta.
The ring was fixed onto a plastic chamber (6 cm
diamter, 4 cm high and approximately 120 ml
volume) and a second chamber of the same size
was secured on top with wing nuts. The double
chamber was placed, slightly tilted, in a saline
bath at 37°C, which served both to keep the
tissue at a constant temperature and warm the
perfused fluid in a coil; the latter was delivered
from a stirred flask by a pulsatile pump at a
rate of 0.5—1.0 ml/min/g. The perfusion was
started by piercing the lobule centrally with
pp100 tubing: this arterial inflow filled the
intervillous space and expanded the basal plate;
the venous outflow which emerged from the
base of the lobule, was withdrawn continuously
by a pulsatile pump from a small hole in the
bottom of the chamber. This procedure was
usually complete 10— 15 minutes after delivery;
the lobule was perfused for 60 minutes.

The perfusion fluid contained electrolyte con-
centrations, as in Kreb’s solution, 100 mg%
glucose, and 6.5% dextran (M.W. 40,000).
Amino acids were added in concentrations
equivalent to that found in human maternal
plasma [33] and in some experiments with fetal
plasma levels. ATP substrates were added in
some experiments in an attempt to restore the
depleted concentration resulting from the labor
and the time taken to initiate the perfusion:
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adenosine, 1.0—50 uM and inosine, 1.5 mM,
were used.

Human red cells were always present in the
perfusion fluid (final PCV 20—25%). Heparin-
ized blood from the polycythaemic clinic was
stored overnight at 4 °C and the separated red
cells were drained from the bottom of the plas-
tic bag into the Kreb’s mixture in a 2 litre
conical flask. Physiological p0: levels were
maintained by equilibration with 14% Oz and
5% COz in N2. Before the experiment the flask
was used as a tonometer and rotated gently on
its side so that a layer of blood was exposed to
the gas. During the perfusion the red cells were
kept in suspension with a magnetic stirrer,
whilst a flow of the gas mixture was mantained
in the space above.

The mixed protein synthetic rate was deter-
mined in the perfused lobule using the method
of SENDER and GARLICK [26]. The rate of uptake
of a labelled amino acid was measured using
U-C-L-lysine in the perfusion fluid; this lysine
was added to the perfusate at a concentration
of 0.05 Ci/ml to ensure sufficient counts in the
placental protein for specific activity measure-
ments. After an initial 20 minute perfusion pe-
riod the label was added to the perfusate for a
further 40 minutes; some lobular tissue was
then freeze-clamped and extracted in 0.6 M
perchloric acid.

2.3 Biochemical methods

Perfusate pH and blood gas estimations were
made using an 1L 413 analyzer.

The tissue samples were freeze-clamped with
aluminium tongs cooled to the temperature of
liquid nitrogen [30, 31]. 1—2 g tissue was pul-
verized to a fine powder under liquid nitrogen,
dispersed in three volumes of 0.6 M perchloric
acid, and homogenized with a Silverson emulsi-
fier on ice. After centrifuging and neutralizing
the supernatant perchloric acid soluble extracts
were analyzed for ATP, ADP, AMP, lactate and
pyruvate by enzymic methods using the NADH
2 NAD reaction [3] using Boehringer Kkits
(BCL, Lewes, East Sussex).
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The initial treatment of the tissue for the pro-
tein synthetic rate estimations was the same
as described for tissue metabolites but, after
centrifuging, both the supernatant and protein
pellets were retained for lysine assay and 4C
lysine measurement. The protein pellet was
washed three times in perchloric acid and five
times in acetone, and the dried powder hydro-
lyzed in Aristar hydrochloric acid at 120 °C for
24 hours; the hydrolysate was evaporated to
dryness and taken up in 0.09 M hydrochloric
acid and neutralized with 1.0 M potassium hy-
droxide. The supernatants were also neutralized
and the lysine concentration in both protein
hydrolysate and supernatant assayed by the
method of NAKATANI, Fusioka and HIGASHINO
[19]; the lysine is decarboxylated to cadaverine
which is measured as a colored compound
bound with dinitrofluoro-benzene. The specific
activities of the *C sysine were determined us-
ing a modification of the method described by
HurtzLERr, ODIEVRE and DaANcIs [15]; lysine is
again decarboxylated to cadaverine and the 4C
liberated, trapped on filter paper wicks soaked
in Soluene (Packard Chemical Co), in sealed
25 ml pyrex conical flasks. The wicks were
transferred to 10 ml Omnifluor (New England
Nuclear) for *C counting in an Intertechnique
SL 40 liquid scintillation spectrometer. Lysine
decarboxylase was obtained from Sigma Chem-
ical Co. (Poole, Dorset, UK).

3 Results

3.1 The influence of nembutal and ischemia on
placental metabolite concentrations

The results are shown in figures 1A and B,
2A and B and table I. The ATP and lactate
concentrations in guinea pig placental tissue,
taken immediately after nembutal anesthesia in
the mother, were 1.16 + 0.05 and 3.59 + 0.27
S.E.M. mmol Kg~! wet weight respectively
(n = 8). The ADP concentration was 0.26 +
0.02, AMP 0.086 + 0.04 and pyruvate 0.139
+ 0.005 mmol Kg~! wet weight. The values
for ATP and lactate did not change during two
hours maternal anesthesia. Values similar to
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Figure 1. The influence of ischemia (®) and nembutal
anesthesia (O) on guinea pig (—) and sheep
(— — 4+ — —) placental tissue in three individual experi-
ments; also mean (A) from tableI and (A) Carroll
1981.

A. depletion of ATP, B. accumulation of lactate; mmol
Kg~! wet weight.
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Figure 2. Influence of ischemia and perfusion on human -

placental tissue after delivery: O — — at delivery
m=7); ———@——— kept at 4°C (n = 6); @ after
1 hour perfusion (n = 10); A adjacent tissue at 37°C
(n = 10).
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Table I. The effect of ischemia, perfusion and adenylate precursors on the energy and redox state of placental

tissue.
mmol Kg—! wet weight mean (+ SEM)
ATP ADP AMP Energy* | Lactate Pyruvate LAC/
charge PYR
ratio
Guinea pig
Immediate freeze clamp 1.16 0.26 0.086 0.87 3.59 0.139 25.8
n =8 +005 +£002 +0.04 4008 |+027 +0.005 +19
Ischemia for 30 seconds 0.69 - 0.124 o 6.64 0.140 46.1
= 6) + 0.04 + 0.08 + 031 4+ 0.008 + 2.3
Human
At delivery (30 seconds— 3 minutes) 0.52 0.21 0.072 0.79 4.80 0.231 21.6
m=7 +0.08 +001 +0.013 +£002 |+030 +0.011 + 1.6
Perfused for 1 hr 0.53 0.16 0.059 0.81 3.35 0.162 20.5
(n = 10) +0.02 +002 +0.009 002 |+040 +0.014 +122
Paired ischemic placentae at 37°C 0.25%*  0.27* 0.094 0.63%* 10.70*  0.230 47.8*
(n = 10) +0.02 +£002 +0.017 +003 | +134 +0.040 + 3.0
1.0 uM Adenosine in perfusion medium  0.84*** (.15 0.073 0.86 3.67 0.133 28.4
n=4) +0.10 4006 +0.006 + 004 |+ 041 +0.010 + 2.1
50 uM Adenosine in perfusion medium 0.78***  0.19 0.081 0.83 3.55 0.121 29.5
n =4 +0.07 +0.07 +0.006 +005 | +018 +0.090 + 1.6
1.5 mM Inosine in perfusion medium 0.54 0.25 0.058 0.79 1.61* 0.132 12.2*
n =4 +0.03 4003 +0.002 +003 |+012 +0.010 +1.2
*p < 0.05 ** p < 0.01, *** p < 0.001. Comparisons with placenta at delivery.
+ ATP + 0.5ADP
Energy charge = ; [1]

(ATP + ADP + AMP)’

those with nembutal were observed for both
ATP and lactate when placental samples were
taken immediately after maternal cervical dislo-
cation, but during the 60 seconds ensuing ische-
mia ATP levels fell to 0.70 mmol Kg~! wet
weight, and the lactate rose to 6.50 mmol Kg~!
wet weight; the concentration of AMP rose by
40% during this time. Ischemic sheep placental
cotyledons showed a similar fall in ATP and
rise in lactate concentration.

Figure 2 A shows that in the human placenta
between 30 seconds and 3 minutes after deliv-
ery, the concentration of ATP was 0.52 + 0.08
mmol Kg—! wet weight (n = 7) falling to 0.21
+ 0.03 mmol Kg—! (n = 10) 18 minutes after
delivery. No further changes were found after
a further 80 minutes on ice. Lactate levels rose
from an initial 4.8 + 0.3 mmol Kg~! wet weight
(n=7) to 6.4 + 0.6 mmol Kg~! wet weight
(n = 10) 80 minutes after delivery (figure 2 B).
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The concentrations of other metabolites imme-
diately after delivery in mmol Kg~—! wet weight,
were ADP, 0.21 + 0.01; AMP, 0.072 + 0.013;
and pyruvate, 0.231 + 0.011 (n = 7), (table I).
The energy charge was 0.79 + 0.02, and the
lactate/pyruvate ratio 21.6 + 1.6. Ischemia re-
duced the energy charge to 0.63 + 0.03, and
raised the lactate pyruvate ratio to 47.8 + 3.0.

3.2 The influence of perfusion on tissue metab-
olite concentration and protein turnover rate in
the human placenta

Figure 2 A shows that after a hour’s perfusion,
the concentration of ATP was similar to that
in the immediate post-delivery period: the adja-
cent tissue, also kept at 37 °C for one hour, had
a low mean level of 0.25 + 0.02 mmol Kg~!
wet weight (n = 10), similar to that at 4°C.
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One hour’s perfusion reduced the lactate level
to 3.35 + 0.40 mmol Kg—! wet weight (n = 10),
whilst in the adjacent non-perfused portion, the
level had risen to 10.70 + 1.34 mmol Kg—! wet
weight (Figure 2 B). Inspection of the individual
washout profiles showed that the lactate which
had accumulated during the ischemic period
whilst the preparation was set up, was removed
during the first 10— 15 minutes of perfusion;
thereafter, the lactate production rate became
constant at 0.38 + 0.04 mmol Kg~! min—!
(n = 10).

Protein synthetic rate was calculated from the
specific activity of the protein bound lysine (Sg)
and the specific activity of the free intracellular
pool (S;) according to the equation of SENDER
and GARLICK [26]:

Ss/Si = vt/Q

v = rate incorporation '“C lysine into protein
(mmol day~! g—1)

Q = amount of lysine in protein (mmol g~!)

t = infusion time

The mean value for the bound lysine was 422 +
6 umol Kg~! protein and the free intracellular,
lysine 423 + 52 pmol Kg—! wet weight: the
bound specific activity was 1.3 x 10° d.p.m.
pmol ! and the free 1.2 x 10° d. p. m. pmol 1.
The mixed protein synthetic rate was calculated
to be 40 + 3% day~!, corresponding to a half
life of 1.78 days.

3.3 The influence of adenosine nucleotide pre-
cursors on tissue metabolite concentrations and
protein turnover rate in the human placenta

Table I shows that with 1.0 uM adenosine in
the perfusion medium the level of ATP in the
placental tissue was 0.84 (4 0.1) mmol Kg—!
at the end of the perfusion significantly higher
than the value at delivery (p < 0.001); but
no difference in energy charge was observed:
lactate and lactate/pyruvate ratio were not
changed either, and the protein synthetic rate
was 18 + 4% day—!. Increasing the concentra-
tion of adenosine to 50 puM in the perfusate

had no further influence on either the energy
or redox state of the tissue nor its mixed protein
synthetic rate, 22 + 1% day~!. The addition
of 1.5 mM inosine to the perfusion medium did
not alter the energy state, but caused a marked
fall to 1.61 (& 0.12) mmol Kg~! wet weight
lactate and a reduction in the lactate/pyruvate
ratio to 12.2 (+ 2.1) (table I). Lactate produc-
tion rate fell to 0.13 (4 0.04) mmol min—! Kg~!
(n=4,p = < 0.05.

4 Discussion

The value of about 1.0 mmol Kg~—! wet weight
ATP observed in the placental tissue from
newly anesthetized or sacrificed animals is com-
parable with that found in the rat liver and
kidney [13, 25] when account is taken of the
large volume of blood in placental tissue, 60%
[5, 10]. Ischemia had an immediate effect in
reducing the concentration of ATP in these
placentas, as in the liver and kidney; the lower
values 0.52 mmol Kg—! obtained in the human
placenta 30 seconds to 3 minutes after delivery
indicated that the energy state had already been
impaired by this time. BLOXxAM and BABINSKI
[4] found levels of ATP which were similar after
vaginal deliveries and a little higher at cesarean
section; their findings of a subsequent swift
decline during ischemia are in agreement with
our observations in animal placental tissue. The
low value of 0.2 mmol Kg—! wet weight main-
tained from 10 minutes onwards was found
earlier by HOOVER and BARTHOLOMEW [14] and
Havasai [11] who did not freeze clamp the
tissue quickly, within seconds of delivery, to
prevent metabolic changes continuing during
its handling.

Perfusion of the placenta without adenylate
precursors in the fluid partially restored the
ATP concentrations, while a further but not
complete, elevation could be obtained by imme-
diate injection of the lobule to be perfused with
cooled perfusion medium containing 1.0 pM
adenosine and maintaining this concentration
during the perfusion period; any further in-
crease in adenosine concentration provided no
further protection against ATP degradation.

J. Perinat. Med. 15 (1987)
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No protection was achieved using inosine,
which is known to be beneficial in the ischemic
kidney [9].

The initial energy charge in both animal and
human placentas was similar to that observed
by PENrOLD et al. [22] and did not change
markedly during ischemia as the latter ob-
served. The use of the ATKINSON [1] equation
for calculating energy charge may not be appli-
cable to the placenta for the AMP concentra-
tion did not rise to the same extent as has been
found in rat liver and kidney [13] and in brain
[3]. This was also found by YOUNG and
SCHNEIDER [34] and may be explained by the
" particular pattern of adenosine metabolism in
the placenta. SiMm and MAGUIRE [27] found a
high 5 nucleotidase and adenylate kinase activ-
ity in the human organ but no adenylate deami-
nase activity and suggested that AMP degrada-
tion could only follow one route, namely, to
adenosine; subsequently BARRADOS et al. [2]
reported that human placental tissue could de-
grade ADP to adenosine without AMP accu-
mulation. In the present study the most signifi-
cant change in placental metabolite was the
swift fall in ATP concentration and this would
seem to be the most sensitive indication of
deterioration in energy status as suggested by
YOuNG and SCHNEIDER [34].

The fall in energy status was accompanied by
the expected deterioration in cytosol redox state
and a rise in tissue lactate concentration during
ischemia. Perfusion lowered the tissue levels of
lactate and restored the redox state of the
cytosol to in vivo levels. Lactate production

Summary

The energy and redox states of placentas in newly anes-
thetized or sacrificed guinea pigs and sheep were com-
pared with that of human placentas immediately after
delivery. Subsequently the effect of ischemia was ob-
served in both human and animal placentas. The influ-
ence of perfusion, using a fluid containing oxygenated
red cells (adult human) was studied in the human pla-
centa. Adenine nucleotide precursors were added to the
perfusion fluid in an attempt to improve the energy and
redox states and the mixed protein synthetic rate of the
tissue.
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was lower than that observed by SCHNEIDER et
al. [23] and YOUNG and SCHNEIDER [34] and
may be due to the perfusion of a more discrete
area of tissue; Woops and Kress [32] found
that inadequate perfusion of rat liver in vitro
resulted in increased lactate production rates.
Tissue lactate levels and production were re-
duced when the placental perfusion medium
contained inosine and STRUMIA and STRUMIA
[29] have reported that inosine inhibits glycoly-
sis in red blood cells.

It was considered that the measurement of
mixed protein synthetic rate might be a good
index of biochemical integrity as it is an overall
measure of both structure and function in an
organ. Using the specific activity of the intra-
cellular free pool as the precursor in the calcula-
tion, a turnover rate of 40% day—! was found,
two thirds of that observed in the sheep using
the same precursor pool [35]. The addition of
adenosine to the perfusion fluid apparently re-
duced the turnover rate to 20% in spite of the
higher ATP level but this may be an artifact
due to the higher specific activity found in
the precursor pool for these placentas were
perfused with amino acids of lower concentra-
tion, equal to that found in maternal plasma.
However, this value is about twice that ob-
served by YOUNG and SCHNEIDER [34] and indi-
cates that the extra oxygen supplied by the red
cells was beneficial. A further benefit of using
red cells may also be attributed to the small
amount of human plasma proteins added with
them which will help maintain the integrity of
the cell membrane of the tissue [18] and its
permeability.

The ATP and lactate concentrations in guine a pig
placental tissue taken immediately after nembutal anes-
thesia were 1.16 and 3.59 mmol kg~! wet weight respec-
tively. One minute’s ischemia caused a fall in ATP to
0.7 and a rise in lactate to 6.5 mmol kg~!. The concentra-
tion of ATP in human placental tissue, 30 secs to 3
minutes after delivery of the organ, was 0.52 and of
lactate 4.8 mmol kg~! wet weight, suggesting that some
biochemical deterioration had already occurred. A fur-
ther fall in ATP to 0.21 and rise in lactate to 6.4 mmol
kg~! wet weight took place during 20 mins of ischemia;
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thereafter the ATP level remained constant while the
lactate continued to rise to 11 mmol kg—! wet weight
by 11/2 hours. The initial energy charge was similar in
both animal and human placentas, 0.8—0.9, and was
only reduced during prolonged hypoxia at 37°C. Since
the AMP did not rise to the same extent as in other
tissues, it is suggested that the ATKINSON equation used
in the calculation of energy charge may not be applicable
to the placenta, and that the most sensitive indication
of deterioration in energy status is the swift fall in ATP
concentration.

Keywords:

Zusammenfassung

Untersuchungen zum Energie- und Redoxsystem sowie
zur Proteinsynthese an Plazenten von Mensch bzw. Tier
Wir haben das Energie- bzw. Redoxsystem bei Plazenten
von frisch narkotisierten bzw. getdteten Meerschwein-
chen und Schafen mit dem von Plazenten beim Men-
schen unmittelbar nach der Entbindung verglichen. Die
Auswirkungen der Ischimie waren sofort zu beobachten.
Bei der Plazenta vom Menschen wurde der EinfluB3 der
Perfusion mit einer Fliissigkeit, die oxygenierte Erythro-
zyten (von Erwachsenen) enthielt, untersucht. Der Fliis-
sigkeit wurden Adeninnukleotid-Vorstufen zugesetzt, um
das Energie- und Redoxsystem sowie die Proteinsynthe-
serate des Gewebes zu verbessern.

Die ATP- und Laktatkonzentrationen im Plazenta-
gewebe von Meerschweinchen (unmittelbar nach Nem-
butalanisthesie entnommen) lagen bei 1.16 bzw. 3.59
mmol/kg (Angabe immer pro kg NaBgewicht). Eine
Ischdmie {iber eine Minute fiihrte zu einem Abfall des
ATP auf 0.7 bzw. zu einem Laktatanstieg auf 6.5 mmol/
kg. Die ATP-Konzentration in humanem Plazenta-
gewebe betrug zwischen 30 Sekunden und 3 Minuten
nach Geburt der Plazenta 0.52, die Laktatkonzentration
4.8 mmol/kg; i.e. ein Hinweis darauf, daB einige bioche-
mische Verdnderungen bereits stattgefunden hatten. Eine
Ischimie iiber 20 Minuten fithrte zu einem weiteren
Abfall des ATP auf 0.21 und Anstieg des Laktats auf
6.4 mmol/kg. Danach blieb der ATP-Spiegel konstant,

Rapid establishment of maternal intervillous perfusion
of an isolated lobule of the human placenta using ixygen-
ated RBCS in the perfusion fluid, enabled the ATP and
lactate levels to be maintained near to ‘in vivo’ values
during one hour, with a protein turnover rate of 40%
day~!, two thirds of that observed ‘in vivo’ in the sheep.
The addition of 1.0—50 uM adenosine to the perfusion
fluid improved the energy state of the. tissue, but not its
redox state nor protein synthetic rate. 1.5 pM inosine
in the perfusion medium did not alter the energy state
but caused a marked reduction in lactate production.

Animal, energy, human, placenta, proteinsynthesis, redox state.

wiahrend die Laktatkonzentration nach 1,5 Stunden bei
11 mmol/kg lag. Die initiale Energieausnutzung war bei
Plazenten von Mensch und Tier vergleichbar (0.8 —0.9)
und wurde nur durch ldnger anhaltende Hypoxien bei
37°C reduziert. Da das AMP nicht auf Werte, wie sie
in anderen Geweben gefunden wurden, anstieg, glauben
wir, daf die ATKINSON’sche Gleichung, mit der die Ener-
gieausnutzung berechnet wird, bei Plazentagewebe nicht
angewendet werden kann; der empfindlichste Indikator
fiir eine Verschlechterung im Energiesystem ist der rasche
Abfall der ATP-Konzentration.

Wurde die Durchblutung der maternalen intervilldsen
Réume eines isolierten Lobulus aus der menschlichen
Plazenta mit einer Fliissigkeit, die oxygenierte Erythro-
zyten enthielt, aufrechterhalten, lagen die ATP- und
Laktatkonzentrationen iiber einen Zeitraum von einer
Stunde im Bereich der ,in vivo‘-Werte. Die Protein-
Turnover-Rate betrug 40%/Tag, das sind 2/3 der ,in
vivo‘-Rate beim Schaf.

Nach Hinzufiigen von 1.0—50 pM Adenosin zu der
Perfusionsfliissigkeit konnte das Energiesystem des Ge-
webes verbessert werden, das Redoxsystem und die Pro-
teinsyntheserate blieben jedoch unverdndert. Eine Perfu-
sionsfliissigkeit, der 1.5 uM Inosin hinzugegiigt wurde,
verdnderte den Energiechaushalt nicht, fithrte jedoch zu
einer deutlichen Reduktion der Laktatproduktion.

Schliisselworter: Energie, Mensch, Plazenta, Proteinsynthese, Redoxsystem, Tier.

Résumé

Observations de I’équilibre énergétique et redox et du
taux de synthese protéique au niveaux de placentas ani-
maux et humains

On a comparé les états énergétiques et redox de placentas
provenant de cochons d’Inde recemment anesthésiés ou
sacrifiés et de moutons avec les états de placentas hu-
mains juste aprés I"accouchement. On a observe les effets
de I'ischémie ultérieure au niveau des placentas humains
et au niveau des placentas animaux. Sur le placenta

humain, on a étudié 'influence d’une perfusion, utilisant
un liquide contenant des hématies oxygénées (en prove-
nance d’adultes humains). Des précurseurs des nucléoti-
des a Adénine ont été ajoutés au liquide de perfusion
dans I’optique d’apprécier les états énergétiques et redox
ainsi que le taux de synthése protéique par les tissus.

Au niveau des fragments placentaires provenant des
cochons d’Inde et prélevés immédiatement apres
anesthésie au membutal, les concentrations d’A. T.P. et
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de lactates sont respectivement de 1,16 et 5,59 mmol
Kg~! en poids non sec. Les concentrations d’A.T.P.
dans les fragments de placentas humains, 30 secondes a
3 minutes aprés la délivrance sont de 0,52 et ceux de
lactates de 4,8 mmol Kg~! en poids non sec, ce qui
suggere qu’il y a déja une certaine détérioration biochi-
mique.

Une chute plus importante d’A. T. P. 4 0,21 et une éléva-
tion des lactates a 6,4 mmol Kg~!, de poids non sec
survient au cours des 20 minutes d’ischémie; ensuite, le
taux d’A. T. P. demeure constant tandis que les lactates
continuent d’augmenter, jusqu’a 11 mmol Kg~! de poids
non sec en 1 heure et demie. La charge énergétique
initiale est similaire dans les placentas animaux et hu-
mains, entre 0,8 et 0,9, et elle ne diminue qu’au cours
de I’hypoxie prolongée a 37°C. Puisque 'A.M.P. ne
s’éléve pas de la méme fagon que dans les autres tissus,
les auteurs suggerent que I’équation d’ ATKINSON, utilisée
pour le calcul de la charge énergétique, n’est pas applica-

Mots-clés:

ble au placenta et que l'indice le plus sensible de la
détérioration de 1’équilibre énergétique est la chute ra-
pide de la concentration d’A. T.P.

La mise en place rapide d’une perfusion intervilleuse
maternelle au niveau du lobule isolé d’un placenta hu-
main, en utilisant dans le liquide de perfusion du
R.B.C.S. oxygéné, est capable de maintenir les taux
d’A. T.P. et de lactate pendant une heure, proches des
taux trouvés in vivo, avec un taux de turn over protéique
de 40% par jour, ce qui correspond au 2/3 de ce qu'on
observe in vivo chez la brebis.

Si ’on ajoute au liquide de perfusion 1,0— 50 uM d’Adé-
nosine, on augmente 1’équilibre énergétique du tissu,
mais pas son équilibre redox ni son taux de synthese
protéique. L’apport dans la perfusion de 1,5 pM
d’Inosine n’altére pas 1’équilibre énergétique mais en-
traine une diminution importante de la production de
lactates.

Animal, énergie, équilibre, humain, placenta, redox, synthése protéique.
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