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The Effects of Intravenous Succinylcholine on Cerebral Function

and Muscle Afferent Activity Following Complete Ischemia

in Halothane-anesthetized Dogs

William L. Lanier, M.D.,* Paul A. laizzo, Ph.D.,t James H. Mildet

The effects of iv succinylcholine (SCh) on cerebral blood flow
(CBF), the electroencephalogram (EEG), muscle afferent activity
(MAA), electromyographic activity (EMG), and Paco, were tested in
six halothane-anesthetized dogs (1.0 MAC) more than 1 h after a
10-min period of complete cerebral ischemia. All dogs received
treatments of both iv SCh (1.0 mg-kg™") and saline placebo in a
random sequence. Fasciculations and substantial increases in EMG
activity were observed in all dogs following SCh administration. At
the onset of fasciculations, there was an increase in MAA to a peak
value of 353 + 74% of control (mean = SE; n = 5 for MAA; n = 6
for all other variables) at the 1-min measurement point. Thereafter,
MAA gradually declined toward control values. There were delayed
increases in Paco, throughout the 45-min study period, achieving
values of 106 + 1% to 118 % 4% of control (an increase in Paco, of
2-7 mmHg). Despite the increases in MAA and Paco,, there were
no significant increases in CBF during the study. The control EEG
1-h after complete cerebral ischemia, but immediately before ad-
ministering the drug treatments, consisted predominantly of a delta
rhythm, denoting cerebral dysfunction. In one dog, SCh adminis-
tration produced transient attenuation of the delta rhythm, a change
consistent with cerebral stimulation. In the remaining five dogs,
SCh had no effect on the EEG. Treatment with saline placebo did
not affect any variable measured. The authors conclude that, in the
electrically dysfunctioning brain (e.g., as occurs following resusci-
tation from complete cerebral ischemia), the cerebral (i.e., CBF and
EEG) response to iv SCh is attenuated when compared to the pre-
viously reported response in normal brain. (Key words: Anesthetics,
volatile: halothane. Brain: blood flow; electroencephalogram; intra-
cranial pressure; ischemia; metabolism; oxygen consumption. Mus-
cle, skeletal: afferent activity; electromyograms. Neuromuscular re-
laxants: succinylcholine.)

INTRAVENOUS ADMINISTRATION of the depolarizing
neuromuscular relaxant succinylcholine (SCh) is reported
to produce activation of the electroencephalogram (EEG)
and increases in cerebral blood flow (CBF) and intracranial
pressure (ICP) in lightly anesthetized dogs with normal
brains.!? These cerebral effects have been attributed pri-
marily to SCh-induced increases in muscle afferent activity
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(MAA) producing cerebral stimulation and secondarily
to SCh-induced increases in Paco,."* In lightly anesthe-
tized humans having normally functioning brains, SCh
also is reported to produce EEG activation®* and, in pa-
tients having intracranial mass lesions, increases in ICP.>8
As in dogs, these effects are assumed to be related pri-
marily to SCh-induced increases in MAA.?®

In the single published report in which the cerebral
effects of SCh were evaluated in subjects having preex-
isting global cerebral dysfunction (i.e., coma), SCh did not
produce an increase in ICP.” There are several possible
explanations for this finding; the most likely is that the
electrically dysfunctioning brain is unable to process MAA
input and respond with the arousal response observed in
normal brain. To test this hypothesis, we simultaneously
examined the effects of SCh on cerebral function and
muscle afferent activity following complete ischemia in
lightly anesthetized dogs.

Methods

The study protocol was approved by the Institutional
Animal Care and Use Committee. The studies were per-
formed immediately after studies in normal, anesthetized
dogs (as described in a recent publication from our
laboratory?) so that comparisons could be made between
the two groups of studies.

Six mongrel dogs weighing 13.3 + 1.3 kg (mean + SE)
were studied. Dogs were anesthetized while in a Plexiglass
induction box using halothane in Oq. The trachea was
intubated without the use of neuromuscular relaxants,
and ventilation was controlled. During the preparatory
period, anesthesia was maintained with 1.0-2.5% halo-
thane inspired in Np and O,. Ventilation and Flo, were
adjusted to maintain Pag, near 150 mmHg and Paco,
near 40 mmHg (Instrumentation Laboratory; electrodes
at 37° C). Inspired and end-expired concentrations of
O,, COg, and halothane were measured using a mass
spectrometer (Perkin-Elmer Model 1100). Cannulae were
inserted into a femoral artery for blood sampling and
pressure measurements and into femoral and forelimb
veins for fluid and drug administration. For mean central
venous pressure (CVP) measurement, a PE90 catheter
(Becton Dickinson Co.) was inserted via the right jugular
vein to the level of the junction of the superior vena cava
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and right atrium. Heart rate (HR) was determined from
alead Il electrocardiogram. The EEG was recorded from
a three-lead bipolar system (bifrontal, biparietal, and
bioccipital) using electrodes glued to the exposed calvar-
ium, During the preparatory period, dogs were given
0.9% saline solution in 10 ml- kg™" increments as needed
to maintain mean arterial blood pressure (MAP) > 60
mmHg. Bicarbonate was given as needed to maintain a
buffer base near 40 mEq- 17", The ears of all dogs were
plugged with cotton, and the eyes were taped shut.

Following preparations for physiological monitoring,
dogs were prepared for the production of complete ce-
rebral ischemia using an aortic cross-clamp model de-
scribed previously.?-'° Briefly, through a right-sided tho-
racotomy, umbilical tapes were placed around the as-
cending aorta and venae cavae. After reducing halothane
concentrations to 0.87% end-expired for 20 min, com-
plete cerebral ischemia for 10-min duration was produced
by simultaneously occluding the aorta and venae cavae.
This technique confined the cardiac output to the coro-
nary and pulmonary circulation. Occlusion was verified
by a femoral MAP of zero and rapid onset of an isoelectric
EEG. Coincident with the EEG becoming isoelectric,
halothane was discontinued, and the dogs’ lungs were
ventilated with Oy and Nj. At the end of the 10-min pe-
riod, the tape around the aorta was released, with the
tapes around the venae cavae having been released 15—
20 s earlier.

Immediate postischemic treatment consisted of sodium
bicarbonate (20 mEq), 0.9% saline solution (100-300 ml
iv), and transient hyperventilation. Using this method-
ology, all dogs had an MAP > 60 mmHg within 90 s after
ischemia (mean time, 39 % 10 s). Halothane 0.87% end-
expired was reinstituted within 10 min after restoration
of cerebral blood flow (i.., after the MAP had exceeded
60 mmHg but before there was return of any EEG ac-
tivity).

When complete cerebral ischemia is produced in the
above manner, it results in an initial period of cerebral
hyperemia lasting less than 1 h followed by a prolonged
period of diminished CBF.%!® The period of diminished
CBF, termed the “delayed postischemic hypoperfusion
state,” lasts for 6 h or more following the restoration of
normal cerebral perfusion pressure.'® Following produc-
tion of cerebral ischemia in the current study, and while
awaiting the establishment of the delayed hypoperfusion
state, dogs were prepared for the additional measure-
ments of CBF, cerebral metabolic rate for oxygen con-
sumption (CMROy), ICP, MAA, and electromyographic
activity (EMG).

Muscle afferent activity from the right hindlimb gas-
trocnemius muscle was measured using techniques de-
scribed previously.? Briefly, a branch of the tibial nerve
passing to the gastrocnemius muscle was severed near its
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proximal origin, and electrical activity from the distal
nerve branch was detected using a shielded, bipolar, plat-
inum electrode. The EMG from the same gastrocnemius
muscle was measured using fine nichrome wire electrodes
placed within the muscle near the motor point. Both MAA
and the EMG were amplified using DC amplifiers, visually
displayed on a storage oscilloscope, and recorded using
an FM tape recorder for later analysis. Thereafter, MAA
was quantified using a saturating diode-integrating circuit.
The biphasic MAA signal was bisected so that only positive
deflections above background noise were directed to the
integrating circuit. The MAA recordings from this study
were analyzed concurrently with recordings from a pre-
vious study.? The same techniques and circuit settings to
eliminate background noise were used to allow direct
comparisons between studies.?

Cerebral blood flow was measured using an established
venous outflow technique. After administration of heparin
(300-400 units * kg~I iv), the sagittal sinus was exposed,
isolated, and cannulated as described previously.!! This
procedure allowed blood sampling and provided for the
direct measurement of CBF from the anterior, superior,
and lateral portions of both cerebral hemispheres rep-
resenting approximately 54% of the total brain weight.'?
Blood flow was continuously recorded using a square-wave
electromagnetic flow meter (ET 300 API, Carolina Med-
ical Electronics).'? Blood oxygen contents were calculated
from measurements of oxyhemoglobin concentra-
tions (CO-oximeter, Instrumentation Laboratories, elec-
trodes).'* The CMRO; was calculated as the product of
CBF and the arterial to sagittal sinus blood Oy content
difference. The ICP was monitored using a parietal, epi-
dural, fiberoptic device (LADD Research Industries).
Brain temperature was monitored by a parietal, epidural
thermistor and maintained at 37° C using heat lamps.

The study period did not begin for a minimum of 60
min after resuscitation from ischemia (range, 60-129 min)
and a minimum of 15 min after return of the continuous
EEG. Once these criteria had been satisfied, ventilation
and Flo, were again adjusted to produce arterial blood
gases within protocol limits. Throughout the postischemic
period, a cerebral perfusion pressure (CPP) of >50 mmHg
was maintained (using continuous low-dose infusions of
phenylephrine [40 ug - ml™'}, if needed).

For a minimum of 15 min before control measurements
and throughout the study period, no further adjustments
were made in ventilation, anesthetic concentration, or
phenylephrine infusion rate, nor were additional iv fluids
given, After control measurements were obtained, three
dogs were given SCh at concentrations of 1.0 mg- kg™,
and physiologic, cerebral, and muscle variables were
measured for 45 min. After a 30-45 min pause at which
time cerebral and muscle variables had stabilized at pre-
SCh control values, a second control period was obtained,
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and the above sequence was repeated using saline placebo
ata volume of 0.05 ml - kg™". In the remaining three dogs,
SCh and saline placebo treatments were given as above,
except their sequence was reversed. At the completion of
the studies, all dogs were killed with iv KCI during anes-
thesia. The brains were removed and weighed so that
CBF and CMRO; could be expressed as a function of
brain weight.

Following the administration of each drug, the average
cerebral and systemic responses were calculated for each
dog for the time periods 0-15, 15-30, and (when appli-
cable) 30-45 min. Data following treatments with SCh
from these time periods were compared to data following
placebo treatments using paired ¢ tests. In addition, data
from the individual data points (e.g., the 1-min, 2-min, or
3-min data points) following SCh versus placebo treatments
were compared using analysis of variance (ANOVA) and
a one-factor, completely randomized design. The Spear-
man rank correlation coefficient (rs) was used to assess
the correlation between CBF and ICP changes. Fisher’s
exact test was used to compare the incidence of fascicu-
lations in SCh- versus placebo-treated dogs. All statistical
comparisons were made on raw data, and P < 0.05 was
considered significant. All data are expressed as mean
+ SE.

In addition to the statistical analysis comparing raw
data, data from each dog were expressed as a percent of
the dog’s control values. This provided for easier rec-
ognition of the temporal relationship between cerebral
and systemic changes, as displayed in the accompanying
figures. However, statistical analyses were not performed
on percent of control data.

Results

Control systemic and cerebral variables measured be-
fore the administration of either SCh or placebo treat-
ments are listed in table 1. The groups were well-matched
for both cerebral and systemic data.

TABLE 1. Control Variables Before Succinylcholine (SCh)
or Placebo Treatments in Six Dogs

Treatments
SCh 1 mg-kg™" iv Placebo iv
Pag, (mmHg) 151 8 153 +3
Paco, (mmHg) 40 + 1 41 1
pH 7.33 +0.02 7.33 £ 0.01
BB+ (mEq-17") 421 421
CVP (mmHg) 61 b+1
Brain temperature (° C) 36.9 £0.1 37.1 £0.01
MAP (mmHg) 75+3 805
Heart rate (beats+ min™') 133 £ 7 130+ 9
Measured halothane (% expired) 0.87 + 0.00 0.87 £ 0.00

There were no significant differences between treatments.
Data are presented as means + SE (n = 6).
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F1G. 1. Electroencephalographic activity following complete cerebral
ischemia. The typical EEG pattern consisted of a mixture of 4-7 Hz
theta activity superimposed upon a background of 1-2 Hz delta activity
(A). SCh had no effect on this pattern in five dogs. In the remaining
dog, SCh produced a transient attenuation of the delta activity, and
the attenuation was most prominent in the frontal and parietal EEG
leads (B). (In these examples, EEG data are recorded from the bifrontal
EEG.)

Following SCh treatment, fasciculations were observed
visually and recorded by the EMG in all six dogs (P < 0.05
versus placebo). Electromyographic evidence of fascicu-
lations began at 22 =+ 3 s following SCh and persisted for
30 £ 5 s (range, 21-55 s). During violent fasciculations
in one dog, the onset of bleeding around the MAA re-
cording electrode precluded the measurement of MAA
data from that dog. In the remaining five dogs, a small
increase in MAA began shortly before the onset of visible
fasciculations. With the onset of fasciculations, there was
a dramatic increase in MAA in five of five dogs and a
small, numerical increase in CBF in five of six dogs (range,
110-130% of control at the 1-min measurement point).
The CBF changes, however, did not achieve statistical
significance. The postischemic control EEG pattern con-
sisted of a mixture of two electrical patterns: one in the
delta frequency range and one in the theta range. The
delta pattern consisted of predominantly 1-2 Hz, 20-
180 uV activity. In the occipital EEG, the delta activity
tended to have a higher amplitude and was more rhythmic
than in the parietal or frontal EEG. The theta pattern
was more prominent in the anterior leads and consisted
of 4-7 Hz, 10-30 uV activity. A representative sample
of the control EEG is presented in figure 1A. The ad-
ministration of iv SCh had no effect on the postischemic
control EEG in five of six dogs. In the remaining dog,
SCh produced an attenuation of the delta activity in the
frontal and parietal leads (fig. 1B). The delta activity at-
tenuation began with the completion of fasciculations and
persisted for less than 2 min. Thereafter, the EEG re-
turned to the control pattern.

Following placebo treatment, no fasciculations were
observed, MAA and CBF remained stable, and the EEG
remained in the postischemic control pattern throughout
the study.

When comparing 15-min measurement periods (table
2), SCh produced significant changes in MAA and
Paco,, and the values following SCh were significantly
greater than- those following placebo at both the 0-15
and 15-30 min measurement periods. In contrast, SCh
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TABLE 2, Cerebral Blood Flow (CBF), Muscle Afferent Activity
(MAA), Paco,, Intracranial Pressure (ICP), and Cerebral
Metabolic Rate (CMRq,) Responses to iv Succinylcholine

(SCh) and Placebo in Dogs After Complete Ischemia

LANIER, IAIZZO, AND MILDE

Variable Measured Time (min) | SCh 1.0 mg-kg iv Placebo iv
CBF (ml-100 g™'-min™") | Control 25+ 3 25+ 3
0-15 27+ 4 253
15-30 27+ 4 26 + 3
30-45 28+ 4 —
MAA (% control) Control | 100+ 0 100+ 0
0-15 238 + 38} 102+ 3
15-30 173 + 22* 99+ 8
30-45 142 £ 12 —
Paco, (mmHg) Control 401 40+ 1
0-15 46 * 11 41 1
15-30 44 + 0% 41 %1
30-45 43 £ 1 —
ICP (mmHg) Control 8+2 8+3
0-15 10+3 8+2
15-30 82 8+3
30-45 4%1 —
CMRg, Control |3.12+0.16 |3.20+0.17
(ml-100 g”' +min™") .0-15 |3.20+0.13 |3.15%0.16
15-30 (3.17+0.16 [3.16 £0.14
30-45 |[3.23 £0.19 -

All data are presented as mean % SE (n = 5 for MAA; n = 6 for all
other variables).

* P < 0.02 between SCh and placebo treatments.

1 P < 0.01 between SCh and placebo treatments.

produced no significant changes in CBF, CMRO,, ICP,
CVP, MAP, or heart rate.

The temporal relationship between CBF, MAA, and
Pacgq, following SCh is presented in figure 2. After the
injection of SCh, no noticeable changes occurred until
the onset of MAA increases, fasciculations, and EMG ac-
tivation. With the onset of these changes in muscle activity,
the subtle frontal EEG changes noted above occurred in
one dog. There was also a numerical increase in CBF in
five of six dogs; however, the CBF alteration was not sta-
tistically significant. The largest increase in MAA (353
+ 74% of control) occurred at the 1-min measurement
point and was followed by a progressive decrease with
time. Cerebral blood flow at the period of greatest MAA
(i.e., the 1-min measurement point) was 115 + 5% of con-
trol (not significantly different from placebo values).
Paco, increased after iv SCh, achieving values of 106-
118% of control (a 2-7 mmHg increase) throughout the
45-min study period.

Using comparisons between individual data points
(ANOVA), CBF and ICP never differed significantly be-
tween SCh and placebo treatments. There also was no
correlation between CBF and ICP following either the
SCh or placebo treatments.

Discussion

In lightly anesthetized subjects having normal cerebral
electrical activity, intravenous SCh has been reported to
produce EEG activation'~*!® and increases in CBF"2 and
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ICP."?56 These cerebral effects have been attributed pri-
marily to the influence of SCh-induced MAA increases
on the cerebral state of arousal'-%!% and secondarily to
SCh-induced increases in Paco,.'?

The proposed mechanism by which SCh affects cerebral
function by an MAA-mediated mechanism is as follows:
SCh is a potent agonist for increasing afferent activity
generated from muscle spindles, presumably because the
drug interacts with gamma efferent receptors on the spin-
dles.*!®!7 Activation of the intrafusal fibers of the muscle
spindles will subsequently result in an increase in MAA
(i.e., by altering the gain of the receptor). The action po-
tentials generated by the spindles are transmitted by pe-
ripheral nerves to the dorsal spinal cord. This MAA in-
formation is then directed to higher central nervous sys-
tem centers via several different neuronal pathways, %
and these pathways converge on both the motor cortex
(area 4) and the somatosensory cortex (area 3a).'3-° Thus,
increases in MAA have the potential to influence the
functional activity within large areas of brain. In accor-
dance with afferentation theory, increases in MAA in
lightly anesthetized subjects can produce a generalized
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FIG. 2. The temporal relationship of changes in CBF, MAA, and
Paco, after iv administration of SCh 1.0 mg+ kg™ or placebo in dogs
anesthetized with 1.0 MAC halothane following a period of complete
ischemia. All values are expressed as mean % of control + SE (n = 5
for MAA; n = 6 for CBF and Paco,).
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cerebral arousal. The manifestation of this arousal re-
sponse as EEG activation and CBF increases without
CMRO; increases'? is similar to the cerebral response
elicited in lightly anesthetized dogs following afferent in-
put into the brain induced by electrical stimulation of the
sciatic nerves.?!

The cerebral response to iv SCh can be attenuated or
abolished by a variety of factors (e.g., pretreatment with
nondepolarizing relaxants or increase of anesthetic depth),
and these factors appear to fall into one of two categories:
1) they either prevent a muscle response fo]lowing SCh
(i.e., they prevent increases in MAA or increases in COy
production) or 2) they interfere with the brain’s ability
to respond to increased MAA induced by iv SCh. Lanier
et al. demonstrated that when dogs were pretreated with
paralyzing doses of pancuronium (0.2 mg kg™! iv), the
cerebral response to SCh was abolished." Similarly, Min-
ton et al. reported that pretreatment with paralyzing doses
of vecuronium (0.14 mg - kg™" iv) prevented the cerebral
response to SCh in humans.® Subsequent studies in dogs
demonstrated that these large doses of pancuronium and
vecuronium also prevented an EMG and MAA response
following SCh?§ Thus, the pretreatment that abolished
the muscle response also abolished the cerebral response.
Lanier ¢! al. also demonstrated that increasing anesthetic
depth would abolish the cerebral response to SCh, pre-
sumably because the brain was unable to respond to SCh-
induced increases in MAA.!

In 1982, White et al. evaluated the effect of SCh on
the ICP response to tracheal suctioning in patients whose
lungs were mechanically ventilated.” Their subjects were
15 intensive care unit patients, all of whom had “diffuse
brain injuries” and were comatose. The baseline ICP was
16 + 2 mmHg. After measurement of the baseline ICP,
patlents were treated with 1.0 mg - kg™ iv SCh, followed
1-2 min later by suctlonmg of the endotracheal tube.
Intravenous SCh did not increase intracranial pressure in
these patients; quite the contrary, SCh administration re-
sulted in an ICP response to tracheal suctioning that was
significantly less than the response following saline pla-
cebo. This occurred presumably because SCh prevented
the increases in ICP during coughing that have been at-
tributed previously to increases in venous pressure.” Based
on the data of White et al., we hypothesized that the lack
of an ICP increase following SCh was related to their
selection of comatose patients': in the series of patients
they studied, the brain would have been unable to respond
in a normal fashion to the MAA increases following SCh.

In our study, which also evaluated subjects having
baseline alterations in cerebral electrical (i.e., EEG) activ-
ity, only one of six dogs had EEG evidence of cerebral
arousal following iv SCh. Furthermore, there were no

§ Unpublished data, Lanier WL.
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significant increases in CBF or ICP, as we observed pre-
viously following SCh in normal dogs using this model.!*?
The minimal cerebral response to SCh occurred even
though there was a large increase in MAA. We interpret
these data and the data of White et al.” as demonstrating
that during periods of altered cerebral electrical activity,
whether that altered activity is produced by ischemia or
deep anesthesia,' the brain is unable to mount a response
to SCh-induced MAA increases.

In the current study, cerebral dysfunction was induced
by exposing the dogs’ brains to a global ischemic insult.
The duration of ischemia was chosen because, using this
model, 10 min of complete ischemia typically will result
in a dog that survives the insult but sustains moderate to
severe neurologic functional injury.?? Our studies iden-
tified that there was a lack of a cerebral response to SCh
in the diffusely dysfunctional, postischemic brain, a finding
that may have clinical relevance in certain types of pa-
tients. One of the limitations of our study, however, was
that it did not allow us to identify the specific location of
brain or spinal cord responsible for the lack of cerebral
response to SCh. Thus, it is not clear whether the lack of
response was due to dysfunction in a single area or mul-
tiple areas of the central nervous system. Furthermore,
it is not clear whether the lack of a CBF response was due
to an alteration in the vasculature or a neuronal injury
that, in turn, was responsible for modulating vascular
function. Further studies will be needed to resolve these
issues.

Our previous work supports the hypothesis that the
cerebral response to SCh in normal brain is secondarily
influenced by SCh-induced increases in Paco,."? These
Paco, increases are presumably due to SCh-induced in-
creases in muscle Oy consumption and, thus, COz pro-
duction.? In previous reports, we established that in nor-
mal dogs anesthetized with 1.0 MAC halothane, CBF in-
creases approximately 4% for each mmHg increase in
Paco,.!? This value is consistent with the experience of
other laboratories in which studies were conducted in
subjects having normal brain.?* In contrast, when the ef-
fects of Paco, alterations on CBF have been studied in
subjects shortly after a period of global cerebral ischemia,
the CBF response has been reported to be either atten-
uated or absent, dependmg on whether the cerebral isch-
emia was modest or severe, respectively.?2® The current
study supports the assumption that the post-ischemic brain
has a diminished CBF response to Pacq, alterations. When
we calculated the line of best fit between the observed
increases in CBF and the measured increases in Paco,,
our data suggest that in the model used in the current
study, CBF increased only 2% for each 1 mmHg increase
in Paco, (fig. 3). (These calculations assume that MAA
does not influence the CBF response in dogs to 1.0
mg-kg™! of SCh after the 15-min measurement point.
This assumption is consistent with previous observations
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Fi1G. 3. The observed CBF and the calculated contributions of
Paco, to the CBF response after SCh 1.0 mg « kg™! in postischemic dogs
anesthetized with 1.0 MAC halothane. Each point represents the mean
response for six dogs. A 2% increase in CBF per mmHg increase in
Paco, was used to generate the calculated CBF curve (see text for
discussion).

in normocapnic dogs anesthetized with 1.0 MAC halo-
thane.'?)

In summary, results from the current study demon-
strate that in dogs having cerebral dysfunction produced
by an earlier period of complete ischemia, the cerebral
response to SCh is less than has been reported previously
in dogs having normal cerebral function."? This atten-
uated response occurred in the presence of a normal MAA
response to SCh.? We interpret these findings as proof
that when the brain has global cerebral electrical dys-
function, its ability to mount an arousal response to MAA
increases is attenuated.

The authors wish to thank Frank W. Sharbrough, M.D., for con-
firming the interpretation of electroencephalographic data; John D.
Michenfelder, M.D., for his expert advice throughout this project; and
William Gallagher, Richard Koenig, and Rebecca Wilson for their
technical assistance.
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