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ABSTRACT

During prolonged exercise changesin the ionic milieu in and surrounding the muscle fibers may
lead to fatigue or damage of the muscle, and thereby impair performance. In 10 male subjects,
we investigated the effects of 100 km running on muscle and plasma el ectrolyte contents, muscle
Na'-K*™ pump content, and plasma concentrations of creatine kinase (CK) and lactate
dehydrogenase (LDH). Following the completion of a 100 km run significant increases were
found in plasmaK" (from 4.0 + 0.1t0 5.5 + 0.2 mM, P < 0.001), muscle N& -K" pump content
(from 334 + 11 to 378 + 17 pmol/g, P < 0.05) and total muscle Ca™ content (from 0.84 + 0.03
to 1.02 £ 0.04 umol/g, P < 0.001). There was also alarge increase in the plasma levels of the
muscle specific enzymes CK and LDH reaching peak values at the end of the run and lasting
several days after the run, indicating that a significant degree of muscle membrane |eakage was
present. The simultaneous occurrence of raised cellular Ca™ content and muscle membrane
leakage, supports the theory that Ca™ plays arolein the initiation of degenerative processesin

muscles following severe exercise.
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INTRODUCTION

It iswell known that prolonged exercise may lead to damage of muscle fibers, especialy if there
is a component of eccentric work involved in the exercise performed, asin running (3). Thus,
high levels of muscle specific enzymes such as creatine kinase (CK) or lactate dehydrogenase
(LDH) have repeatedly been observed in the blood of endurance runners following marathon and
ultramarathon events as reviewed in detail by Noakes (25). Extreme endurance sporting events
are becoming increasingly popular, and the athletes that undertake such challenges experience
exercise-induced disruption of the muscle cell membranes that is generally accompanied by
muscle soreness and pain, and may ultimately lead to functional disability and limit
performance. However, the mechanisms that underlie the development of cellular muscle
damage following exercise are not yet clarified. One ideathat has gained increasing support is
that exercise leads to an increase in cytoplasmic Ca'™, and that the elevated resting Ca™ level
may activate proteolytic enzymes such as calpain to digest essentia structural elements of the
muscle fibers (4;11;17). This in turn leads to membrane damage, leakage of enzymes and
perhaps further accumulation of intracellular Ca™, thus initiating a vicious cycle of cell
degradation. (3;12). It was recently suggested that the eventsleading to loss of cellular integrity,
involves an early intracellular accumulation of Ca™ ions as an important pathway. This was
based on the finding that in electrically stimulated rat muscles the rate of Ca™ uptake undergoes
arapid and pronounced increase (within 1 min). This leads to a progressive accumulation of
intracellular Ca™, which isfollowed by alate loss of LDH from the muscle cells (11). In view
of the implications of such events for performance and training, it is important to examine
whether similar phenomena can be detected in human subjects.

Another possible performance-limiting factor is the pronounced decrease of the
transmembrane Na" and K* gradientsin skeletal muscle fibers during exercise (for reviews see
ref 36 and 37). This is evidenced by an increase in plasma K™ and intracellular Na*™ and a
decrease in intracellular K™, The increase in plasma K" leads to an increase in ventilation and
increased blood flow to the working muscles (31;39) and thus it can be seen as one of the signals
in the regulatory adjustment to exercise. However, the possibility exists that if the
transsarcolemmal K* gradient (or Na® gradient) is sufficiently reduced, aloss of muscle function
due to reduced excitability may occur (16;30;37). It isimportant, therefore, that especialy the
K* lossiskept at arelatively low rate during prolonged exercise. Thisis achieved by the acute



activation of the Na™-K ™ pump (24). In addition a number of studies have shown that various
types of training lead to an up-regulation of the Na™~K ™ pump content in skeletal muscle
(9;13;19;23). Furthermore in €elite cross-country skiers a significant positive correlation was
found between performance and muscle Na'-K ™ pump content (9). There is some evidence that
exercisein humans may also lead to an acute change in the proportion of Na *K “pump isozymes
and it was suggested that there is atranslocation of Na'-K™ pumps from an intracellular pool to
the surface membranes during exercise (18). However, an acute upregulation of the total content
of Na'-K* pumps was not found in rat muscles stimulated continuously for 24 hoursin vivo (8).
The question remains, whether exercise in humans can actually produce a significant increase
in the total tissue Na™-K* pump content measured by the quantitative [°H]-ouabain binding
technique. The extreme duration of the 100 km run provides a good experimental setting to test
this possibility.
The present study was undertaken to test the following hypothesis:

a) Prolonged running leads to an accumulation of Ca™ in skeletal muscle that coincides or
correlates with the occurrence of muscle cell damage assessed by measuring |eakage of muscle
specific enzymes.

b) Prolonged running leads to an upregulation of the content of Na *K “pumpsin skeletal muscle.

¢) The running performance is related to the content of Na'™-K ™ pumpsin skeletal muscle.



METHODS

Subjects.

10 healthy males participated in this study. All were moderately to well trained non-
competition runners, age 38 + 2 years (25-51), height 176 + 2 cm (169-185), weight 73 + 2 kg
(61-83). The subjects had been training regularly for at least 5-6 months prior to the run,
covering distances from 20 up to 110 km per week. The 100 km run was performed on a coastal
route with no severe hills on a day with pleasant weather conditions for running (highest
temperature around 20 EC, modest wind, few showers). The subjects had given their informed

consent of participation, and the study was approved by the local ethical committee.

Oxygen consumption rate ( ﬁoz) and heart rate (HR) monitoring.

2-3 weeks prior to the run the subjects performed a progressive maximal treadmill test
in which running speed every min was increased in steps of 1 km/h from 10 to 14 km/h where
after the inclination was increased by 2% every min until exhaustion. During treadmill testing
the expired air was sampled continuously and the rates of oxygen consumption and carbon

dioxide production were determined every 10 s by an online respiratory gas exchange anayzer
(AMIS 2001, Innovision, Odense, Denmark). The maximal oxygen uptake (OOzvnax) of the

subjects was cal culated as the maximal rate achieved over any 60 s during the test. During this
period all subjects had arespiratory exchange ratio of at least 1.10. The heart rate was monitored
continuously every 5 s during the test with a pulse monitor (Polar Accurex Plus, Polar Electro
Oy, Kempele, Finland) and the highest heart rate measured during the period of maximal oxygen
uptake for each subject was considered to be the maximal heart rate (HR, ;). During the 100 km
run the subjects ran with pulse monitors and the heart rate was saved to afile every min. Also
the time to complete the run and split-times for every 10 km were taken. The subjects were
instructed to record their resting heart rate (HR,) a home in the morning just after waking up.
An intensity measure was calculated as a percentage of the heart rate reserve (HRR):

Intensity = (HR, ;- HR, o)/ (HR 1 HR o)

run

Following this, an oxygen consumption during running (OOzrun) could be estimated by assuming

that there is a one to one linear relation between the %HRR and %Oozmax reserve (OOzmaxR =



Vomax- Dorest) (1):

002run = Intensity x OOzmaxR

Blood sampling and analysis.

Blood samples were drawn from an antecubital vein by venipuncture. Samples were
taken 4-6 weeks prior to the run, immediately after the run (within 2 min of completion), 1, 2,
3, 5 and 12 days after the run. Blood samples were divided in three and stored on ice in
heparinized tubes until further analysis. Hemoglobin (Hgb) concentration and Hematocrit (Hct)
were measured using an automated hematology flow cytometry analyzer (Coulter SKTS,
Beckman Coulter, Inc., Fullerton, CA, USA). Plasma volume changes were cal culated from Hgb
and Hct values according to the method of Dill and Costill (7).

Following centrifugation the plasma samples were analyzed for total content of Ca™,
Mg™, Na', K*, creatine kinase (CK), lactate dehydrogenase (LDH) and ionized C&" by standard
commercial kits applied in amulti-analyzer system (COBAS Integra 700, Hoffmann-La Roche
Ltd., Basel, Schwitzerland).

Biopsies.

Muscle biopsies (50-100 mg) were obtained 4-6 weeks prior to the run and again about
30 min after the run. The biopsies were taken from the left vastus lateralis muscle by use of a
conchotome according to the technique of Dietrichson et al. (6). The cutaneous, subcutaneous
and fascial layers over the desired area of incision were anesthetized with xylocaine/adrenaline
prior to performing an approximately 5 mm long incision. The conchotome was advanced into
the muscle, opened, advanced a further short distance and then closed and withdrawn. The
biopsy material wasimmediately cooled with liquid nitrogen and the samples were stored at -80
EC until further analysis.

Ouabain binding.
The total concentration of [*H]ouabain binding sites in the muscle biopsies was

determined as previously described (29). 3-4 small segments weighing 3-8 mg were cut from the



biopsies and incubated for 2x10 min at 37 EC in a buffer containing 10 mM Tris-HCl, 1 mM
Tris-vanadate and 250 mM sucrose (pH = 7.4), Following this the samples were incubated for
120 min at 37 EC in asimilar buffer containing [*H]ouabain (2 uCi/ml) and unlabeled ouabain
to afinal concentration of 10° M. This was followed by 4 times 30 min washout in ice-cold
unlabeled buffer to remove [*H]ouabain not bound to the receptors. At the end of washout the
specimens were blotted, weighed and soaked in 0.5 ml 0.3 M trichloroacetic acid (TCA)
overnight before counting. On the basis of the specific activity of [*H]ouabain in the incubation
medium the total amount of [*H]ouabain retained in the samples was calculated and corrected
for isotopic purity, incomplete saturation, unspecific uptake of [ H]ouabain and for the loss of

specifically bound [*H]ouabain occurring during washout (for details see (29)).

Muscle Ca™, Na*, K™ and water content.

Biopsy samples weighing 16-32 mg were soaked overnightin2.5 ml 0.3 M TCA. Inthis
TCA extract Na" and K™ contents were determined using a flame photometer with lithium as
internal standard (FLM 3, Radiometer, Copenhagen, Denmark). Cal cium content was determined
using the same TCA extract by atomic absorption spectrometry as described in detail (10). For
each biopsy this procedure was carried out twice. The second time water content was determined

by weighing the samples before and after overnight drying at 60 EC.

Statistics.

All values are presented as means + SEM, in some cases with the range of values in
parenthesis. For plasma concentrations an ANOVA for repeated measures was first used to
identify possible differences within a time-group series. To test for differences between two
specific groups, Student”st-test for paired observations was used and only the P-values obtained
from thistest are reported. To test for correlations between two parameters, linear regression
analysis was performed. The significance level and a correlation coefficient (r) is reported for

the performed correlations.



RESULTS

Physiological characteristics and performance of the subjects.
The average 002ma>< of the subjectswas 4.3+ 0.21 O,/min (3.1-5.1) or expressed relative

to body weight 59 + 2 ml O,/min/kg (51-67), indicating that the subjects were moderately to well
trained for an aerobically demanding event such as a 100 km run. The 100 km distance was
completed by all subjectsin an average time of 641 = 23 min (496-719). The mean intensity of
running calculated on the basis of heart rate was 68 + 2 % (58-77) and the mean speed of running
was 9.7 £ 0.4 km/h (8.6-12.2). There was a tendency for both the intensity and the speed of
running to decrease during the course of the run. Thus the mean speed from 0 to 50 km was
significantly higher compared with the mean speed between 50 and 100 km (10.9 £ 0.2 km/h vs
8.5+ 0.2 km/h, n= 10, P < 0.001) and the mean intensity was aso lowered when comparing O-
50 km with 50-100 km (70.5+ 1.1 % vs 66.2 + 1.0 %, n =9, P < 0.005).

Electrolytes in muscle and plasma.

Asshownin Fig. 1A (top) amuscle Ca™ content of 0.84 + 0.03 umol/g wet weight (0.75-
0.99) was found in the biopsies taken prior to the run. Following the run there was a significant
increase in the muscle Ca™ content to 1.02 + 0.04 pmol/g wet weight (0.86-1.24). This
corresponds to a 22% increase in total muscle Ca™ (P<0.001). There was also an increasein
plasma Ca™ after the run from 2.42 + 0.03 mM to 2.76 + 0.06 mM (Fig. 1B, top; P < 0.001). We
therefore examined whether this could have contributed to the increase in Ca™ content of the
biopsies. When assuming an extracellular volume of 15% (38) and an extracellular Ca™
concentration corresponding to 50% of the plasma concentration (due to lack of Ca* binding
proteins in the interstitial space) and by correcting for the rise in extracellular Ca™ it was
calculated that the increase in cellular Ca™ amounts to 24% (from 0.65 + 0.03 to 0.81 ** 0.04
umol/g total tissue wet weight, P < 0.005). Thus, the main portion of the observed Ca™
accumulation in muscle biopsies is confined to the muscle cells and the increase in total tissue
Ca"™ content could not be accounted for by arise in extracellular Ca™. It was found that the

increase in muscle Ca™ content (corrected for extracellular Ca™) was negatively correlated to
the OOzmax (in ml O,/min/kg) of the subjects (r = -0.68; P < 0.05), indicating that the training

status of the subjects affects the uptake of Ca'™ in muscle fibers (Fig. 2). The concentrations of
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both Na" and K* in plasma and in muscle biopsies were measured before and immediately after
the run. There was no significant change in plasmaNa’, muscle Na” or muscle K* (Fig. 1). There
was, however, asignificant increase of 37 % in plasma K™ immediately following the run from
4.0+0.1mM to5.5+0.2mM (P<0.001; Fig. 1). As shown the plasmaK *level was normalized

in the next plasma sample taken the following day.

Muscle enzymes in plasma.

As shown in Fig. 3 there was a marked rise in plasma CK from a pre-run value of 281
+ 104 U/l (115-1257) to 5476 + 1130 U/l (1014-11566) just after the run, corresponding to an
amost 20-fold rise (P < 0.005). In 7 out of 10 subjects maximal plasma values of CK were
measured in the sample drawn immediately after the run, while the three remaining subjects had
maximal elevation of CK 36 hours after the run. The plasma CK values of al subjects were
normalized at day 5 (Fig. 3). A similar, but less pronounced elevation of plasmaLDH from 412
+ 19 U/l (295-506) to 1252 + 97 U/l (838-1730) was found (P < 0.001). The maximal LDH
values for all subjects was found immediately after the run, and the values of LDH were only
normalized in the sample taken at day 12 following the run.

Despite the simultaneous occurrence of increased Ca™ content and elevation of muscle
specific enzymes in plasma the individual values for the increase in Ca™ content were only
weakly and insignificantly correlated to the increases in plasma CK or LDH (r = 0.35 and 0.46,
respectively, P> 0.05). This could, however, be due to the relatively large individual variation
found in both plasma enzymes and in Ca™ accumulation which may be related to a number of
other factors as discussed later. There was a significant positive correlation between the LDH
and CK values immediately following the run (r = 0.85, P <0.005), in keeping with the

assumption that these enzymes were both derived from the same source of damaged tissue.

Plasma volume changes.

On the basis of the changes in Hgb and Hct it could be calculated that there was a
decrease in the plasma volume of 13 + 7 % from the pre to the post-run samples (P < 0.001). On
days 1, 2 and 3 there was a dlight elevation of plasmavolume of 4 + 6%, 7 + 7% and 5 £ 6%,
respectively (P < 0.05). To test if the electrolyte changes in plasma were caused by this

hemoconcentration plasma electrolyte values were individually corrected for plasma volume






content.

Correlates of performance.

Theindividual running times were not correlated to Na™-K ™ pump content before or after
the run. Also there was no correlation between the running time and plasma K™ values
immediately after the run. Therefore the present results do not support the idea that Na *K “pump
capacity or K™ accumulation in plasma present major limitations to the performance in endurance

exercise.

Previous studies have suggested that the OOgnax can be used as an indicator of
performancein long distance running (27;35). In our study we found such a correlation between
OOZmax and running time. However, allthough the correlation was significant, the correlation
coefficient was quite low compared to earlier studies (r = -0.65, P < 0.05) indicating that other
factors were contributing. The correlation between OOgun and running time was somewhat

stronger (r = -0.78, P < 0.005), but even here a significant portion of the variation in running
time was not accounted for, indicating that other factors including running economy are
important.



DISCUSSION

It iswell accepted that increases in plasmalevels of muscle specific enzymes such as CK
and LDH following exercise are caused by |leakage from damaged muscle fibers (3;25). The
values of CK in plasma following exercise depend largely on the duration and type of the
exercise. Thus exercise of long duration and/or involving eccentric contractions leads to the
largest elevations of plasma CK and other muscle enzymes (25). The values of plasma CK
observed in this study were equal to (20) or higher than (25;32) what has previously been
reported for runners completing races of similar duration as the 100 km run. Interestingly, the
peak value for plasma CK and LDH was found immediately following the run in our study and
not 1-2 days after asis often the case following marathon running (25). This could possibly be
explained by the extreme duration of 8-12 hours in this event. During such along time period
with a high blood flow through the muscles, there could be sufficient time for a washout of a
major part of the enzymes released from the damaged fibers.

In astudy by Schwane et al. it was found that elevation of CK in plasma coincides with
ultrastructural indications of muscle damage, muscle soreness and with a decrease in functional
ability (33). Other studies, however, did not show any relationship between the levels of muscle
enzymes in plasmafollowing exercise and the amount of histologically observable damage (21)
or the muscle massinvolved in the exercise (28). Thisindicates that the mechanismsfor release
and removal of these enzymes to and from the plasma are not fully understood, but the
discrepancies could also be due to the fact that the muscle damage following exerciseislocalized
to only asmall percentage of fibers, and that these fibers are not always present in the biopsy
samples used to screen for histological changes. Furthermore the mechanisms which underlie
the actual muscle damage during exercise are aso still widely debated. One idea that has gained
increasing support isthat exercise leadsto an increase in cytoplasmic Ca™, and that the elevated
resting Ca™ level may activate proteolytic enzymes such as calpain to digest essential structural
elements of the muscle fibers (4;11;17). This in turn leads to membrane damage, |eakage of
enzymes and perhaps further accumulation of intracellular Ca™, thusinitiating a vicious cycle
of cell degradation. (3;12).

We observed a negative correl ation between OOzmax and increase in muscle Ca"™ content

following 100 km running. Thus the most well-trained runners (with the highest Ooinax) are
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least likely to accumulate Ca™ in their muscles. In line with this, other studies have shown that
previous training protects against muscle damage following endurance events (26) or eccentric

exercise (34). In addition to this there could be an effect of fiber type distribution, since subjects
with high (o,max values (and low Ca™ accumulation) are likely to have a relatively high

percentage of low twitch fibers. In keeping with this, in rats, the fast twitch extensor digitorum
longus (EDL ) muscles show a much greater Ca™ accumulation following stimulation than the
predominantly slow twitch soleus muscles (11).

Our observation that large CK elevations are found simultaneously with increased Ca™
content in muscle biopsies following 100 km running is consistent with the hypothesis that
intracellular Ca™ plays a role in the development of exercise-induced muscle damage. The
relatively modest increase in total muscle Ca™ might reflect amore pronounced uptake of Ca™
confined to afew per cent of the fibers. Assuming a plasmavolume of 3.51 the maximal amount
of CK present in plasma after the 100 km run is 5476 U/l x 3.51 . 19200 U. The content of CK
in skeletal muscle of male marathon runners has been reported to be around 3000 U/g wet weight
(2). Thus, as arough estimate of the extent of muscle damage it can be calculated the CK present
in plasma following the 100 km run corresponds only to the total amount of CK present in 6.4
g of skeletal muscle, which amounts to around 0.02 % of the total pool of muscle cells. Thisis
likely to represent an underestimate, but is in keeping with the idea that the cellular damageis

restricted to a very small fraction of the fibers.

In a number of previous studies measurements of Na-K ™ pumps in vastus lateralis
muscle of humans using the [ H]-ouabain binding technique ranged between 223 and 339 pmol/g
wet weight as reviewed in (5). The Na'-K™ pump content measured in the present study (334
pmol/ g wet weight) isin the high end of thisrange. Thisislikely to be due to the fact that our
subjects had all been training regularly for a number of months. We observed a significant
increase in the Na™-K ™ pump content of vastus lateralis following the 100 km run. Thisisin
contrast to previous studies where Na™-K " pump content has been quantified by ouabain binding
assays on electrically stimulated rat muscle, where no changes were seen following avariety of
stimulation protocols of up to 24 hours duration (8;22). In studies where rabbit muscle was
stimulated for longer periodsit was found that there is a significant up-regulation of the Na™-K*

pump content after 4 to 6 days of chronic low frequency stimulation (14;15).
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Another study on human muscle, in which the Na-K* pump isoform distribution was
determined, indicated that following exercise of only 5 min duration, previousy
compartmentalized pumps had been translocated to the surface membranes of the musclefibers,
thereby supposedly increasing the Na'™-K ™ pump capacity (18).

Perhaps these discrepancies can be accounted for by methodological differences or by
species differences in the regulation of the Na™K ™ pump content. Also it is possible that in
humans, the duration of exercise of the current study is sufficient to allow more newly
synthesized Na*-K* pumps to appear at the sarcolemma. Another possibility that could be
considered is that the observed Na'-K™* pump increase following running was in fact atraining-
induced response, since the control biopsy was taken 4-6 weeks prior to the run. However, the
subjects had at that point already reached their maximal training level and the training volume
was in fact reduced during the last 4 weeks prior to the run. Therefore, it is unlikely that the
subjects had any further training-induced effects on their muscles during the last 4 weeks before

the run.

Not surpisingly the running performance was correlated to the OO{nax of the subjects.

However, this correlation could only account for less than half of the observed variation in
running time and therefore suggests that other factors may be limiting for running performance
over 100 km. Nevertheless, we did not find any significant correlations between Na™-K * pump
content and running time, indicating that in long distance events such as the 100 km run the
performanceis not limited by the Na'-K™ pump capacity. Thisis probably dueto the low relative
intensity of the performed work. However the observed increase in plasma K * shows that K*
balance is affected during 100 km running and it is likely that the plasma K concentration
measured after the run approximates a steady state level that was maintained for the entire
duration of the run. Therefore, the up-regulation of the Na*K* pump content that was found
following 100 km running may be aresponse to the prolonged increase in plasmaK *(8-12 hrs).
It isinteresting that even after such along duration of exercise and hyperkalemia, there seems
to be no change in the Na" and K* contents in vastus lateralis. Thus, the hyperkalemia is not
associated with anet loss of muscle K ™ and muscular Na™ and K™ homeostatsis seems to be well

mai ntai ned.
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In conclusion, the highly increased plasma CK indicates that when running ultra-long
distances the active muscles undergo a significant degree of sarcolemmal damage already during
the run. The simultaneous increase in muscle Ca™ content suggests that an excessive
intracellular Ca™ accumulation may be involved in the development of cellular muscle damage.

Finally, the Na™-K™ pump capacity does not seem to be a crucia factor determining
performance in ultra distance running events as the 100 km run. Nevertheless, the increase in
plasma K™ seen after 100 km running indicates that during this type of long lasting exercise the
Na'™-K* pump activity in the skeletal muscles is inadequate to counterbalance the K efflux
associated with the contractions. The up-regulation of Na™K * pumps could be an adaption in

order to cope with the ensuing disturbances of the Na'/K * gradients.

FIGURE LEGENDS

Fig. 1: Na"and K" and Ca"™ in muscle and plasma before and after 100 km running.

A: PlasmaCa"™ (top pandl), K* (middle panel) and N& (bottom panel) concentrations in samples
taken 2 weeks prior to (pre), immediately after (post), 1, 2, 3, 5 or 12 daysfollowing (D1, D2,
D3, D5, D12, respectively) the completion of a 100 km run. Bars and symbols show mean
values, with error bars denoting SEM, n = 10.

B: Total Ca™ (top panel), K* (middle panel) and N& (bottom panel) contentsin vastus lateralis
biopsies taken 4-6 weeks prior to (pre) or shortly following (post) the completion of a 100 km

run. Asterisks denote significant difference from the pre-run sample, P < 0.001.

Fig. 2: Relation between maximal oxygen uptake and increase in muscle Ca™ content

Individual data points for the increase in muscle Ca™ content (pre-run value - post run value)
were plotted against the corresponding values for OOg‘nax and fitted to a linear regression line

(r =-0.68, P<0.05, n = 10).
Fig. 3: Time-course of changesin plasma creatine kinase (CK) and lactate dehydrogenase (LDH)

levels.

Plasma concentrations of CK (open circles) and LDH (closed circles) were measured in samples
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taken 2 weeks prior to (pre), immediately after (post), 1, 2, 3, 5 or 12 daysfollowing (D1, D2,
D3, D5, D12, respectively) the completion of a 100 km run. Symbols are mean values, with error
bars denoting SEM, n = 10.

Fig 4: Na'-K™ pump content in muscle before and after 100 km running.

[*H]-ouabain binding capacity in vastus lateralis biopsies taken 4-6 weeks before (pre) or shortly
after (post) the completion of 100 km running. Columns indicate average values with error bars
denoting SEM, n = 10.
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