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ABSTRACT. In this study we investigated whether NADH fluorescence levels changed in response to low or
high rates of electrical stimulation in single ventricular myocytes isolated from rat and guinea-pig hearts, either
during a single contraction or upon sustained electrical stimulation of cells. NADH levels were determined from
cell autofluorescence and cell length monitored using an edge-tracking device. NADH/NAD™ was obtained by
addition of cyanide, 100% NADH, and carbonylcyanide-p-trifluoromethoxy phenylhydrazone (FCCP), 100%
NAD™. Rat myocytes exhibited slightly higher resting fluorescence levels than guinea-pig cells; however,
NADH/NAD™ was higher in rat than guinea-pig cells (P < 0.05), 24.3 = 4.3 (N = 17) vs 14.6 £ 1.6 (N =
17), respectively. There was no change in NADH fluorescence during a single contraction when cells were
stimulated at either low (0.2 Hz) or high (3 Hz) rates in either species. Furthermore, NADH levels did not
change upon sustained stimulation at 3 Hz in either species. Metabolic blockade with cyanide induced a dose
dependent rise in NADH fluorescence which was similar for both rat and guinea-pig myocytes and reached a
maximum at = 1 mM of cyanide. Although a full recovery of NADH fluorescence was seen in both types of cells
after brief exposure to cyanide, the rate of recovery was significantly slower in rat myocytes; times to 90%
recovery were 110 = 29 sec, N = 6, and 264 = 50 sec, N = 6, for guinea-pig and rat cells, respectively. This
work demonstrates that although rat and guinea-pig myocytes have different resting NADH/NAD™, their
response to electrical stimulation is the same, whereas in response to metabolic inhibition subtle differences are
seen. BIOCHEM PHARMACOL 56;2:173-179, 1998. © 1998 Elsevier Science Inc.
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Mitochondrial function in heart cells is essential for the drial NADH levels [15-18]. Although this signal does not

normal cycle of excitation, contraction and relaxation, and distinguish between NADH and NADPH or between
also in determining the extent of recovery following various cytosolic and mitochondrial NADH, at least 80% of the
cardiac insults [1-5]. Alterations in mitochondrial function autofluorescence has been shown to originate from mito-
may be one reason for the observed species differences in chondrial NADH in the heart [16].

recovery from insults like hypoxia [6, 7] or the calcium NADH levels have been shown not to change in single
paradox [8, 9]. Normal cardiac function like, excitation- rat myocytes in response to a single contraction [18, 19],
contraction coupling and contribution of sarcolemmal unlike in isolated trabeculae where a decrease was seen [20].
Ca’* transport pathways, also varies between species [10] Upon sustained electrical stimulation, NADH levels have
and mitochondrial Ca®" transport may also differ [11-13]. been reported to decrease [18] or increase [19] in isolated
The latter is important since mitochondrial Ca’" is now rat cells. No studies have been performed on isolated
thought to play an integral role in regulation of the guinea-pig myocytes. The aims of this study were to
intramitochondrial dehydrogenases which are responsible determine whether NADH fluorescence changes could be
for NADH and hence ATP production in mammalian detected in myocytes from either species under physiolog-
mitochondria (NADH is the primary electron source for ical conditions (37° and 2 mM of Ca*™) at rest, during a
electron transport chain in oxidative phosphorylation) single contraction or upon sustained electrical stimulation
[14]. In several types of mammalian cells and isolated and whether cells from both species responded similarly to
mitochondria, changes in cell autofluorescence (at wave- metabolic blockade. Part of this work has appeared as an

lengths between 420-540 nm when excited at 350 nm) abstract [21].
have been positively correlated with changes in mitochon-

MATERIALS AND METHODS
Myocyte Isolation
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9283586. FAX 0117 9283581. Rat and guinea-pig ventricular myocytes were isolated by
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rod-shaped cells for both species, the method was modified.
The basic perfusion medium (solution A) contained (mM):
NaCl 137; KCI 5; MgSO,.7H,0O 1.2; HEPES 20; Glucose
16; Na pyruvate 5; MgCl, 1.8; adjusted to pH 7.25 with
NaOH. Animals (weights 220-270 g) were killed by
cervical dislocation, the hearts removed and immediately
perfused with solution A plus 0.75 mM of CaCl, at a flow
rate of 10 mL/min for 4 min. The heart was then perfused
with solution A containing 90 mM of EGTA for 4 min
before switching over to the enzyme solution which con-
tained solution A plus 15 wM of CaCl,, 1.0 mg/mL
collagenase (Worthington Type I, Worthington Biochem-
ical Corporation) and 0.1 mg/mL protease (Sigma type
XIV). After 1 min perfusion at 10 mL/min the flow rate was
reduced to 7 mL/min. The enzyme solution was recirculated
for 5 min in the guinea-pig whereas for the rat it was
recirculated for approximately 15 min (until the tissue
became soft). The enzyme was then washed out with
solution A containing 150 mM of CaCl, for 4 min at a flow
rate of 10 mL/min. The ventricles were then removed,
sliced approximately 10 times and shaken at 37° for 5 min
in solution A + 150 mM of CaCl,. Cells were filtered and
allowed to sediment at room temperature for 7 min. The
supernatant was aspirated and cells resuspended in solution
A containing 0.5 mM of CaCl,. The sedimentation was
repeated and the myocytes finally resuspended and stored at
room temperature in solution A with added 1 mM of
CaCl,. Isolated myocytes were used within 8 hr.

Experimental Procedure

Myocytes were placed in a Perspex chamber and continu-
ously superfused at a constant flow of 3.5 mL/min. Myocytes
were perfused with normal Tyrode solution containing
(mM): NaCl 137; KCI 5; MgSO, - 7TH,0O 1.2; NaH,PO,
1.2; glucose 16; HEPES 20; CaCl, 2.0; pH 7.4. Myocytes
were viewed with the aid of a TV camera attached to Nikon
Diaphot inverted microscope (Nikon) and illuminated with
the microscope light through a low-pass filter. Cells were
field stimulated using a Grass (SD 9) stimulator and
silver/silver chloride electrodes.

Measurement of Cell Fluorescence and Cell Length

The epifluorescence of single myocytes was measured with
a photon counting system (Newcastle Photometric Sys-
tems) attached to a Nikon Diaphot inverted microscope as
described previously [5]. NADH autofluorescence was ex-
cited at 350 nm and the emission was measured between
400-520 nm. However, intracellular NADH cannot be
calibrated in absolute terms and so was expressed as either
% resting levels in quiescent myocytes or NADH/NAD™
(see Results for calculation) [5, 19].

Cell length was monitored simultaneously with cell
fluorescence using an edge-tracking device.
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Materials

Sodium cyanide and other basic chemicals were obtained
from Sigma.

Analysis of Results

Results are expressed throughout as means = SEM unless
indicated otherwise. Statistical significance was analysed
using Student’s t-test (paired where appropriate) or

ANOVA.

RESULTS
Effect of Changes in Stimulation Rate on
NADH Fluorescence

NADH fluorescence and cell length were monitored simul-
taneously in either rat or guinea-pig myocytes as described
in Methods. Figure 1 show a typical response of a single
guinea-pig myocytes to stimulation at either 0.2 or 3 Hz. It
is apparent that NADH fluorescence does not change
during a single contraction at either the low or high rate.
Identical results were observed for rat myocytes.

Effect of Exposure to and Washout of CN on
NADH Fluorescence

In Fig. 1, the raw data for NADH fluorescence (in arbitrary
units) is presented. To estimate the NADH to NAD™ ratio
(NADH/NAD™) of cells, exposure to CN~ and FCCP7 has
been used [16—19]. To determine the concentration of
CN™ required to give maximum increase in NADH levels
(complete inhibition of cytochrome c oxidase) under the
present conditions, cells were exposed to different concen-
trations of CN ™. Figure 2 shows the dose response curve for
the effect of CN™ on NADH autofluorescence for both rat
and guinea-pig heart cells. It is evident that for both types
of cells, a maximum response was obtained at a CN~
concentration of =1 mM. Furthermore the maximum
increase in NADH was approximately 180% for guinea-pig
and slightly but not significantly lower for rat cells. The
maximum response to CN™ is consistent with maximum
inhibition of the electron transport chain, an effect we have
confirmed previously using other electron transport chain
inhibitors [5] and by the effect of rotenone, an irreversible
inhibitor of NADH dehydrogenases: rotenone (2 wg/mL)
gave the same maximal effect as CN™ (the percentage
increase was 179 * 16 for rat and 180 = 14 for guinea-pig,
N = 6-7).

The effect of a short exposure to CN™ on NADH has
been reported to be fully reversible in myocytes, however,
in our experiments we found that although the effect was
reversible for a 1 min exposure, there were significant
differences in the response between rat and guinea-pig cells:
Fig. 3 shows a typical response to CN™. The time to peak
response (Tpk) and actual peak levels were very similar for
the two species (Fig. 4); Tpk was 50 = 5 sec for rat vs 67 *
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FIG. 1. Changes in NADH fluorescence and cell length in response to electrical stimulation. Data from a single guinea-pig myocyte
is shown when the cell was stimulated to contract at either 0.2 Hz (left panel) or 3 Hz (right panel; note the expanded timescale).

10 sec for guinea-pig and maximum response was 163 =
10% for rat vs 186 * 6% for guinea-pig. The Tpk response
to CN™ in both rat and guinea-pig cells was the same when
measured at 37° or 28°. However upon washout there was
a very clear difference; the NADH levels in guinea-pig cells
returned much more rapidly than in rat cells (Figs. 3 and 4).
In guinea-pig cells the time to reach 50% and 90% recovery
was 61 £ 9 and 110 = 29 sec respectively (37°% N = 6)
whilst in rat cells the recovery was much slower (169 = 34
and 264 * 50 sec respectively, 37°; N = 6). This difference

was further exaggerated at the lower temperature of 28°
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FIG. 2. Dose response for the effect of CN~ on NADH in
quiescent cardiomyocytes. Dose dependent response to CN™ as
measured by changes in NADH autofluorescence in single rat
(closed squares) and guinea-pig (open triangles) heart cells
superfused at a constant flow of 3.5 mL/min at 37°. Quiescent
cell autofluorescence was taken as 100%. Maximum response to
CN~ was measured and expressed as % of initial fluorescence
for each cell. Values are mean = SE (33-36 cells from 3-9
hearts).

(Fig. 4B). To determine whether this effect was peculiar to
CN7, we investigated the effect of another cytochrome ¢
oxidase inhibitor, sodium azide. At 20 mM, sodium azide
gave the same maximum response as CN~ and again the
recovery was slower in rat cells suggesting that the effect is
specific to inhibition of cytochrome ¢ oxidase (data not
shown).

Effect of Sustained Electrical Stimulation on
NADH/NAD™*

NADH/NAD™ was determined by exposing cells to CN~
and then FCCP. A typical response is shown in Fig. 5. Note
that the cell enters a rigor state (indicated by cell shorten-
ing) upon continued exposure to FCCP only after fluores-
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FIG. 3. Effect of short exposure to CN™ on NADH levels. The

figure shows a representative trace showing the effect of short
exposure of 5 mM of CN~ on NADH autofluorescence in
quiescent single cells isolated from rat or guinea-pig hearts.
Resting NADH autofluorescence was taken as 100%. Mean
values are shown in Fig. 4.
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FIG. 4. Effect of short exposure to CN™ on NADH levels; mean
values. Mean values for times to peak response (Tpk) and times
to 50 and 90% recovery (T50 and T90, respectively) of the
fluorescence signal following 1 min exposure to 5 mM of CN™
and measured at either 37° (B) or 28° (C). There was no
difference in TpK between rat and guinea-pig responses. Recov-
ery times at both T50 and T90 were significantly higher for the
rat when measured at 37° (P < 0.05) or at 28° (P < 0.005).

cence has reached a minimum; this is due to ATP depletion
by uncoupling of the respiratory chain by FCCP. Resting
autofluorescence levels were slightly but not significantly
higher in rat myocytes (the autofluorescence of single
myocytes was roughly equivalent to that observed with a
solution of free NADH of 5 pM) despite cell length being
similar between the two species (Fig. 6). However, resting
NADH/NAD™ was approximately 70% higher in rat cells
than guinea-pig cells (P < 0.05), 24.3 = 4.3 (N = 17) vs
14.6 = 1.6 (N = 17), respectively (Fig. 6).

Figure 1 showed that NADH fluorescence did not
change during a single contraction at either 0.2 Hz or 3 Hz
in cells from either species. To determine whether NADH
changed upon prolonged stimulation at 3 Hz, cells were
stimulated at this rate for 2 min before return to low
stimulation rate for 3 min. Figure 7 shows the fluorescence
and cell length changes in a single cell in response to this
protocol, with mean data expressed as NADH/NAD™
shown in Fig. 8. NADH levels remained constant in rat
myocytes throughout this protocol. The NADH/NAD™ is
slightly but not significantly lower in guinea-pig cells than
in rat cells and there is no significant difference in the
overall response (using ANOVA). Again there is no
change in NADH during sustained stimulation, however,
in guinea-pig cells there is a significant fall in NADH/
NAD™" 3 min after return to low stimulation rate, 18.0 =
2.3 t0 13.3 = 3.4, P < 0.05.

E. ]. Griffiths et al.
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FIG. 5. Effect of exposure to CN~ and FCCP on NADH
fluorescence and cell length. The trace shows simultaneous
measurements of NADH fluorescence and cell length changes in
a single rat myocyte exposed to 5 mM of CN~ and 1 pM of
FCCP.

DISCUSSION

The results presented here demonstrate that NADH levels
of rat and guinea-pig myocytes did not change during a
single contraction at either low or high rates of electrical
stimulation. Resting NADH/NAD™ was higher in rat then
guinea-pig cells, which may reflect differences in mitochon-
drial metabolism, but in neither species was there a change
in NADH/NAD™ upon prolonged exposure to high stim-
ulation. In rat myocytes there was also no change upon
return to low stimulation whereas in guinea-pig cells a
significant decrease in NADH/NAD™ was observed. Fur-
thermore, in calculating NADH/NAD™ we noted that the
effect of CN™ on NADH fluorescence differed between the
two species: although the concentration of CN™ required
for complete respiratory chain inhibition and rate of in-
crease in NADH fluorescence was similar for both cell
types, the rate of recovery of fluorescence was much slower
in rat cells. Because sodium azide gave the same response as
CN7, this suggests that the effect is specific to inhibition of
cytochrome ¢ oxidase, possibly reflecting a slower dissoci-
ation of CN™ from the enzyme in guinea-pig cells.

The possibility that the slower recovery of fluorescence
in guinea-pig cells was due to changes in either intracellular
Ca’* concentration ([Ca*"],) or intracellular pH (pH,) was
also considered because [Ca®"], is known to activate dehy-
drogenases of the citric acid cycle and to increase NADH
levels [14] and inhibition of aerobic metabolism with CN™
will increase lactate output via glycolysis. Although lactate
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FIG. 6. Basal values for NADH fluorescence, NADH/NAD™Y,
and cell length. Panel A: cell autofluorescence levels (arbitrary
units); Panel B: NADH/NAD™ (obtained using CN~ and
FCCP, see text); Panel C: cell lengths. The parameters were
measured in the same cells; N = 17 cells from 4 hearts for both
species. *P < 0.05 for NADH/NAD™; other differences are not

significant.

may not accumulate as the cells are being continuously
superfused, the rate of transport of lactate out of the cells is
known to differ between rat and guinea-pig myocytes [23].
This difference might alter intracellular pH to different
extent which, in turn, would affect the equilibrium between
NADH and NAD™. However, there was no change in
either [Ca® ], or pH, following 1-min exposure to 5 mM of
CN7 in either rat or guinea pig cells (data not shown).
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FIG. 7. NADH fluorescence and cell length changes in response
to sustained stimulation at 3 Hz. Data from a single rat myocytes
is shown.

A comparison of changes in NADH autofluorescence in
myocytes isolated from rat and guinea-pig hearts is impor-
tant because both species are widely used to study mito-
chondrial function in intact cells [5, 16, 18, 19, 24]. This is
normally carried out in different laboratories under differ-
ent conditions using different protocols, thus making com-
parisons between the two more difficult. Mitochondrial
NADH provides fuel for the electron transport chain to
generate the chemiosmotic gradient that drives the synthe-
sis of ATP. As a result the NADH/NAD™ has been widely
used as a measure of the energy flux of a cell [see 5]. Resting

NADH/NAD™ was higher in rat then guinea-pig cells,
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FIG. 8. NADH/NAD™ upon sustained electrical stimulation of
myocytes. The figure shows mean values of the experiments
shown in Fig. 7 for initial stimulation at 0.2 Hz (basal), 2 min
stimulation at 3 Hz (peak) and 3 min after return to 0.2 Hz
(recovery). There are no significant differences between species;
rat cells show no change throughout the whole protocol but for
guinea-pig cells there is a significant decrease upon return to low
stimulation, peak vs recovery, P < 0.05.
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which may reflect differences in mitochondrial content
and/or metabolism and may also account for the slower
recovery of fluorescence in rat cells upon washout of CN ™.
It is interesting to note that basal NADH levels tended to
be higher in rat cells, though not significantly, which could
be due to the fact that the mitochondrial content of
cardiomyocytes is related to heart rate, being higher in
species with faster heart rates. It is also possible that a
relatively increased levels of citric acid cycle flux in the rat
may be responsible for the higher NADH/NAD™ enabling
it to cope with energy demands of a beating heart.
Consistent with previous reports using rat myocytes [18,
19], NADH levels do not change during a single contrac-
tion at either low or high rates of electrical stimulation (Fig.
1). This was also the case for guinea-pig cells, suggesting
that differing contributions of both sarcolemmal and mito-
chondrial Ca’* transport pathways during the cell contrac-
tile cycle between the two species [10—12] do not neces-
sarily influence the NADH response to stimulation. We
also found that NADH/NAD™ did not change in response
to sustained electrical stimulation in cells from either
species (Figs. 7 and 8). This is in contrast to previous work
showing either an increase [19] or decrease [18] in NADH
fluorescence in response to rapid stimulation. Possible
reasons for the different results are the more physiological
conditions of our study (37° and 2 mM of external [Ca*"])
compared to the other studies done at 24° and 1 mM of
external [Ca®*); it is known that in guinea-pig cells NADH
fluorescence is sensitive to changes in temperature [24].
Furthermore, increases in the amplitude of both the Ca**
transient and contraction of cells occurs at lower tempera-
tures [25]. This in turn would increase mitochondrial
[Ca’*] which may alter the steady-state level of NADH by
differential activation by Ca’" of NADH producing and
NADH utilising pathways, for example activation of dehy-
drogenases or ATP synthase, respectively [14, 26-28].
Further work is required to establish the exact relationship

between changes in temperature, stimulation rate, intrami-
tochondrial [Ca®*] and NADH levels.

This work was supported by grants from the National Heart Research
Fund and the Garfield Weston Trust. E. J. Griffiths is a recipient of a
British Heart Foundation Intermediate Fellowship. We would like to
thank Mrs. Dawn Wallace for excellent technical assistance.

References

1. Kobayashi K and Neely JR, Effect of prostaglandins 12
(prostacyclin) and F (2 alpha) on function, energy metabo-
lism, and calcium uptake in ischaemic/reperfused hearts. ] Mol
Cell Cardiol 15: 369-382, 1993.

2. Hak JB, VanBeek JHGM, Eijgelshoven MH] and Westerhof
N, Mitochondrial dehydrogenase activity affects adaptation of
cardiac oxygen consumption to demand. Am J Physiol 264:
H448-H453, 1993.

3. Unitt JF, McCormack ]G, Reid D, MacLachlan LK and
England PJ, Direct evidence for a role of intramitochondrial

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

E. ]. Griffiths et al.

Ca’" in the regulation of oxidative phosphorylation in the
stimulated rat heart. Studies using 31P n.m.r. and Ruthenium
red. Biochem ] 262: 293-301, 1989.

. Griffiths E] and Halestrap AP, Mitochondrial non-specific

pores remain closed during cardiac ischaemia but open upon
reperfusion. Biochem ] 307: 93-98, 1995.

. Minezaki KK, Suleiman M-S and Chapman RA, Changes in

mitochondria function induced in isolated guinea-pig ventric-
ular myocytes by calcium overload. J Physiol (Lond) 476:
459-471, 1994.

. Hearse DJ, Humphrey SM, Feuvray D and deLeiris J, A

biochemical and ultrastructural study of the species variation
in myocardial cell damage. ] Mol Cell Cardiol 8: 7597178,
1976.

. Hearse D], Humphrey SM and Garlick PB, Species variation

in myocardial anoxic enzyme release, glucose protection and

reoxygenation damage. ] Mol Cell Cardiol 8: 329-339, 1976.

. Suleiman M-S, New concepts in the cardioprotective action

of magnesium and taurine during the calcium paradox and
ischaemia of the heart. Magnesium Res 7: 295-312, 1994.

. Hearse, DJ, Himphrey, SM, Boink, ABT] and Ruigrok, TJC,

The calcium paradox: metabolic, electrophysiological, con-
tractile and ultrastructural characteristics in four species. Eur
J Cardiol 7: 241-256, 1978.

Bers, DM, Bassani, JWM and Bassani, RA, Na-Ca exchange
and Ca fluxes during contraction and relaxation in mamma-
lian ventricular muscle. Ann NY Acad Sci 779: 430-442,
1996.

Griffiths, EJ, Stern, MD and Silverman, HS, Measurement of
mitochondrial calcium in single living cardiomyocytes by
selective removal of cytosolic indo-1. Am ] Physiol 273:
C37-C44, 1997.

Wendt-Gallitelli, M-F and Isenberg, G, Total and free myo-
plasmic calcium during a contraction cycle: x-ray microanal-
ysis in guinea-pig ventricular myocytes. J Physiol 435: 349—
372, 1991.

Chacon, E, Ohata, H, Harper, IS, Trollinger, DR, Herman, B
and Lemasters, JJ, Mitochondrial free calcium transients
during excitation-contraction coupling in rabbit cardiac myo-
cytes. FEBS Lett 382: 31-36, 1996.

McCormack, ]G, Halestrap, AP and Denton RM, The role of
calcium ions in the regulation of mammalian intramitochon-
drial metabolism. Physiol Rev 70: 391-425, 1990.

Nuutinen EM, Subcellular origin of the surface fluorescence
of reduced nicotinamide nucleotides in the isolated perfused
rat heart. Basic Res Cardiol 79: 49-58, 1984.

Eng ], Lynch RM and Balaban RS, Nicotinamide adenine
dinucleotide fluorescence spectroscopy and imaging of iso-
lated cardiomyocytes. Biophysical J 55: 621-630, 1989.
Duchen MR, Biscoe TJ, Mitochondrial function in type I cells
isolated from rabbit arterial chemoreceptors. J Physiol (Lond)
450: 13-32, 1992.

White, RL and Wittenberg, BA, NADH fluorescence of
isolated ventricular myocytes: effects of pacing, myoglobin,
and oxygen supply. Biophys ] 65: 196-204, 1993.

Griffiths, EJ, Wei, SK, Haigney, MCP, Ocampo, CJ, Stern,
MD and Silverman, HS, Inhibition of mitochondrial calcium
efflux by clonazepam in intact single rat cardiomyocytes and
effects on NADH production. Cell Calcium 21: 335-343,
1997.

Brandes, R and Bers, DM, Increased work in cardiac trabec-
ulae causes decreased mitochondrial NADH fluorescence
followed by slow recovery. Biophys ] 71: 1024-1035, 1996.
Griffiths EJ, Lin H and Suleiman M-S, Effect of aerobic
metabolism blockade by cyanide on NADH measured in
single ventricular myocytes isolated from rat and guinea-pig

hearts. ] Physiol (Lond) 439: 24P, 1996.



NADH Fluorescence in Rat and Guinea-Pig Cardiomyocytes

22. Hancox JC and Levi AJ, Na-Ca exchange tail current
indicates voltage dependence of the Ca(i) transient in rabbit
ventricular myocytes. ] Cardiovasc Electrophysiol 6: 455-470,
1995.

23. Wang X, Levi AJ and Halestrap AP, Kinetics of the sarcolem-
mal lactate carrier in single heart cells using BCECF to
measure pH;. Am J Physiol 36: H1759-H1769, 1994.

24. Ban, K, Suleiman, M-S and Chapman, RA, Changes in
autofluorescence in isolated guinea-pig cardiac myocytes as-
sociated with altered temperature. J Physiol 476: 13P, 1994.

25. Puglisi, JL, Bassani, RA, Bassani, JWM, Amin, JN and Bers,
DM, Temperature and relative contributions of Ca transport

26.

217.

28.

179

systems in cardiac myocyte relaxation. Am J Physiol 270:
H1772-H17178, 1996.

Das, AM and Harris, DA, Control of mitochondrial ATP
synthase in heart cells: inactive to active transitions caused by
beating or positive inotropic agents. Cardiovasc Res 24:
411-417, 1990.

Das, AM and Harris, DA, Regulation of the mitochondrial
ATP synthase in intact rat cardiomyocytes. Biochem ] 266:
355-361, 1990.

Moreno-Sanchez, R, Hogue, BA and Hansford, RG, Influence
of NAD-linked dehydrogenase activity on flux through oxi-
dative phosphorylation. Biochem ] 268: 421-428, 1990.



