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Alcohol can be considered as a nutritional toxin when ingested in excess amounts and leads to skeletal muscle myopathy. We
hypothesized that altered protease activities contribute to this phenomenon, and that differential effects on protease
activities may occur when: (1) rats at different stages in their development are administered alcohol in vivo; (2) acute ethanol
treatment is superimposed on chronic alcohol-feeding in vivo; and (3) muscles are exposed to alcohol and acetaldehyde in
vivo and in vitro. In acute studies, rats weighing approximately 0.1 kg (designated immature) or approximately 0.25 kg
(designated mature) body weight (BW) were dosed acutely with alcohol (75 mmol/kg BW; intraperitoneal [IP], 2.5 hours prior
to killing) or identically treated with 0.15 mol/L NaCl as controls. In chronic studies, rats (approximately 0.1 kg BW) were fed
between 1 to 6 weeks, with 35% of dietary energy as ethanol, controls were identically treated with isocaloric glucose. Other
studies included administration of cyanamide (aldehyde dehydrogenase inhibitor) in vivo or addition of alcohol and acetal-
dehyde to muscle preparations in vitro. At the end of the treatments, cytoplasmic (alanyl-, arginyl-, leucyl-, prolyl-, tripeptidyl-
aminopeptidase and dipeptidyl aminopeptidase 1V), lysosomal (cathepsins B, D, H, and L, dipeptidyl aminopeptidase | and II),
proteasomal (chymotrypsin-, trypsin-like, and peptidylglutamyl peptide hydrolase activities) and Ca%*-activated (micro- and
milli-calpain and calpastatin) activities were assayed. (1) Acute alcohol dosage in mature rats reduced the activities of alanyl-,
arginyl- and leucyl aminopeptidase (cytoplasmic), dipeptidyl aminopeptidase Il (lysosomal), and the chymotrypsin- and
trypsin-like activities (proteosomal). No significant effects were observed in similarly treated immature rats. (2) Alcohol
feeding in immature rats did not alter the activities of any of the enzymes assayed at 6 weeks. (3) In immature rats, activities
of cathepsins B and D were not overtly affected at either 3, 7, 14, 28, or 42 days. (4) Superimposing acute (2.5 hours) on
chronic (4 weeks feeding of immature rats) ethanol treatment (ie, chronic + acute) reduced the activities of cytoplasmic
proline aminopeptidase and the chymotrypsin- and trypsin-like activities of the proteasome. (5) Cathepsin D activities were
reduced in muscle homogenates upon addition of alcohol and acetaldehyde in vitro. (6) Cyanamide pretreatment in combi-
nation with alcohol dosage in immature rats did not significantly alter any protease activities. The data suggests that mature
rats are more sensitive to the effects of acute alcohol on muscle proteases. Protease activities may be affected by acetalde-
hyde or alcohol levels as indicated by in vitro experiments. The reduction in muscle protease activities in chronic + acute
alcohol superimposition may reflect the effect of acute alcohol dosage alone. Overall, there was no evidence for increased
protease activity in any of the experimental situations.
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LCOHOLIC MUSCLE DISEASE is one of the most com- and fractional synthesis rate, indicated a decrease in protein
mon pathologies caused by alcohol abuse, and affectsreakdown in chronic (ie, 6 week) alcohol-treated #atShe

between one half and two thirds of all alcohol abuset§he  addition of supraphysiologic levels of alcohol or acetaldehyde
diameter of type 2 (glycolytic, fast-twitch, anaerobic) fibers is added to human muscle tissue homogenates in vitro results in
reduced in contrast to type 1 fibers, which appear to exhibit ajecreased activities of a range of cytoplasmic and lysosomal
mild hypertrophy in the initial stages of alcoholic exposure andproteased? Overall, these data suggest a decrease in the rate of
atrophy in severe caséd he reductions in fiber diameters are
associated with decreases in muscle protein content, protein/
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muscle proteolysis, although more recently, it has been showplemented with glucose, casein, and a vitamin mixture, according to the
that in urine of the alcohol-fed rat, the ratio of 3-methylhisti- Lieber-DeCarli feeding protocol. The proportions of fat, protein, and
dine/creatinine increasés. carbohydrate in the control diet were 30%, 15%, and 55% of total
Thus, it is apparent that there is conflicting data regardingEneroy: respectivel‘;ﬂ.Tre_ated rats were given the same diet ad libitum
whether either a decrease or increase in muscle protein brealf Which 35% of total dietary energy as glucose was replaced by an

down occurs in response to ethanol exposure. To address th%ocak.)r'c. qmount Of. alconat. ContrOI.and aICOh.OI'Comammg diets
were isolipidic, isonitrogenous, and isoenergetic. Control rats were

and a n.umber. of.other outstandnjg lsrs]ues, we ulnde'rtg.ok thfgiven identical dietary quantities compared with their pair-matched
present |nve§t|g.atlons. By measgrlngt e mQXIma aCt'V_'t'es o_alcohol-treated rats. The diets were freshly prepared each day and
enzymes as indices of the capacity for protein degradation, thi§resented to the animals between 980and 12:00pm. The experi-
study was pe.rformed to: (1) clarify if muscle proteolysis is mental groups were as follows: (1) control, 6 weeks pair-feeding; (2)
more susceptible to acute (2.5 hours) alcohol dosage, and Hicohol-fed, 6 weeks. The final BWs at the time of killing were 245
there may be age-related sensitivity to this phenomenon; (2 g for the control animals and 187 3 g for the alcohol-fed rats. The
determine which proteolytic pathway (lysosomal, cytoplas-final BWs for the large rats were 399 9 for the control and 361 8

mic, proteasomal, and (Zfa-activated) may be affected by for the alcohol-fed group?’ The kiI.Iing prqcedures were as above,.
chronic alcohol-feeding, using a standard feeding protocol of gexcept for the assay of Fhe calcium-activated proteases, for which
weeks treatment; (3) investigate if there are alterations invhole leg muscles were dissected, due to the nature of the subsequent
protease activities during chronic alcohol-feeding at specific@SS&y procedure. _ , o

. S . . Study 3: Sequential changes in cathepsin B and D activities in
time points; (4) test the hypothesis that there may be a sensi- . ) . .

o o . . astrocnemius muscle during 6 weeks ethanol-feedihgthis study
tization of muscle protease activity after superimposing acut

- “tats, approximately 7.5 weeks of age (852 g), were pair-fed for up
alcohol treatment on chronic alcohol-fed rats; and (5) ascertaif, g \eeks as described above. The experimental groups were as

whether alcohol (in vitro) or acetaldehyde (in vitro and in vivo) fojiows (1) control, pair-fed; (2) alcohol-fed. After 3, 7, 14, 28, and 42
may be mediators of alcohol-induced muscle damage. Cyanatays of pair-feeding, rats were killed. One control group was killed on
mide, a potent aldehyde dehydrogenase inhibitor, was used t®e day the pair-feeding commenced. The killing procedures were as
elevate acetaldehyde levels in vivo. above. The final BWs were 225 3 g for the control group and 19%
4 g for the alcohol group.
Study 4: The effect of superimposition of an acute bolus of alcohol in

MATERIALS AND METHODS rats that received alcohol for 4 weekslIn this study rats, approxi-
Materials and Animals mately 4 weeks of age, were pair-fed for 4 weeks as described above.
Alcohol-fed rats that received an acute bolus of alcohol (75 mmol/kg
BW; IP, 2.5 hours prior to killing) had the alcohol in their diet
withdrawn 24 hours earlier and replaced by isocaloric glucose. Controls
were either pair-fed the nonalcohol-containing diet or treated with
identical volumes of saline (0.15 mol/L NaCl, IP). The experimental
groups were as follows: (1) control, 4 weeks pair-feeding; (2) alcohol-
Jed, 4 weekst saline; (3) alcohol-fed, 4 weeks acute alcohol. After
4 weeks of pair-feeding, the mean final BWs SEM) at the time of
killing were 186+ 7 g for group 1, 177 4 g for group 2, and 173

All reagents were obtained from BDH or the Sigma Chemical Co
(Poole, Dorset, UK or St Louis, MO). Male Wistar rats were obtained
from Charles River or Harlan Olac (Kent, UK). They were maintained
usually for 1 week on a 12 hours light/12 hours dark cycle (beginning
at 8.00Am) in a temperature and humidity controlled Animal House,
licensed and approved by the Home Office, prior to use.

Study 1: The effect of acute ethanol dosing in immature and matur:
rats. The effect of acutely administered alcohol (75 mmol/kg body
weight [BW]; intraperitoneal [IP], 2.5 hours prior to killing) on muscle J |
protease activities was investigated. Controls were treated with identi® for group 3. The killing procedure was as above.
cal volumes of saline (0.15 mol/l NaCl, IP). Rats had free access to a Study 5: The effect of alcohol and acetaldehyde in vitro on the
standard laboratory chow diet and water throughout the study. Théctivities of cathepsin B and D.Rats were fed alcohol for 6 weeks
experimental groups were as follows: (1) ad libitum control, immature (P1Us their pair-fed controls) and a group fed ad libitum on chow diet.
rats; (2) ad libitum+ alcohol (2.5 hours), immature rats; (3) ad libitum The BWs were approximately 83 4 g at the start of the study for all
control, mature rats; (4) ad libiturs alcohol (2.5 hours), mature rats. 9roups, 205+ 3 g for control, and 182 5 g for alcohol groups at the
BW means of the rats¥ SEM) were 114+ 1 g (groups 1 and 2), end of the experiment and 388 7 g for the ad libitum-fed rats. To
352+ 7 g (group 3), and 356 9 g (group 4). These were sexually muscle homogenates (1:10 wt/vol), alcohol or acetaldehyde was added
immature and mature adult rats and have been labeled immature arff & concentration of 200 mmol/L or 20@mol/L, respectively, as
mature rats for convenience, ie, approximately 5 weeks and 11 weekdescribed previousl§? Ethanol and acetaldehyde were added to the
old, respectively. Rats were killed 2.5 hours after saline or ethanolice-cold incubation buffer immediately before use to minimize loss
dosage. The leg was removed and rapidly cooled in an ice/Wate(ESpeCia”y of acetaldehyde) through evaporation. The addition of eth-
mixture, the gastrocnemius was dissected, weighed, and after it hagnol or acetaldehyde was designed to determine whether alcohol treat-
been blotted dry, immediately snap-frozen in liquid nitrogen and storedment could alter the susceptibility of proteases to these agents.
at —70°C for further analysis. Study 6: The effects of raising acetaldehyde levels in vivo on the

Study 2: The effect of chronically (6 weeks feeding) administeredactivities of muscle proteasesFor this study, rats, approximately 5
alcohol on muscle protease activitiesFor pair-feeding studies, ani- Wweeks of age, had free access to a standard laboratory chow diet and
mals were kept in individual wired-bottom cages to prevent coproph-water. Cyanamide (0.5 mmol/kg BW, IP), a potent aldehyde dehydro-
agy. Initially, the rats weighed 60 to 65 g. Rats were fed ad libitum ongenase inhibito?? was given as a bolus 3 hours before killing. Acute
a standard laboratory chow until their BW was between 80 to 85 g(75 mmol/kg BW, IP) alcohol was administered 2.5 hours before
(approximately 4 weeks of age), at which time they were divided intokilling. Controls to both treatments were treated with identical volumes
groups of equal BW and used as described below. For the study off saline (0.15 mol/L NaCl, IP). The experimental groups were as
cathepsin B and D activities in large rats, rats with an initial BW of follows: (1) control+ saline; (2) cyanamide- saline; (3) control+
278 = 8 were used. Control rats were fed a nutritionally complete alcohol (2.5 hours); (4) cyanamide alcohol (2.5 hours). The mean
liquid diet, prepared from a commercially available food drink, sup- BWs (= SEM) were 113+ 2 g (group 1) and 113 1 g (groups 2, 3,
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and 4). Rats were killed 2.5 hours after the last saline or ethanolTris-HCI (pH 7.5) containing 0.25 mol/L sucrose and homogenized
injections. The killing and dissection procedure was above. It is im-using 4 to 5 strokes of a Tissuemizer spinning at 1,000 rpm. Portions
portant to note that the rats used in groups 1 and 2 above were identicalf the crude extracts were centrifuged at 105,00@ for 1 hour to

to those described for groups 1 and 2 in study 1. The reason for thi®btain the high-speed supernatant or cytosolic fraction. The latter
dual presentation of data was to minimize the use of animals, accordinfraction was used as the source of proteasomes. Muscle cytosolic

to Home Office guidelines. fractions were assayed for their chymotrypsin-like (N-succinyl-Leu-
Leu-Val-Tyr-AMC hydrolysis), trypsin-like (N-t-Boc-Leu-Ser-Thr-
Materials and Sample Processing Arg-AMC hydrolysis), and peptidylglutamyl peptide hydrolase (N-

Muscle samples (approximately 50 mg) were homogenized using aIg:BZ—Leu—Leu—GIuB—naphthyIamide hydrolysis) activities. A detailed
Ultra-Turrax_homogenizer (LK.A Labortechnik, Germany:>2 30 account of the assay substrates and conditions can be found else-

seconds at 15,000 rpm); a 1:20 (wt/vol) tissue/buffer homogenate Wagvhere?e

prepared in a buffer containing 0.15 mol/L NaCl, 1 mmol/L dithiothre- .

itol (DTT), 3 mmol/L NaN,, and either 50 mmol/L Tris/acetate buffer, FTOt€IN Assays

pH 7.5 (cytoplasmic proteases assays), or 50 mmol/L sodium acetate- Protein levels in tissue supernatants were determined by the Lowry
acetic acid buffer, pH 5.5 (lysosomal proteases assays). Proteas@sethod’ or using the dual-wavelength spectrophotometric absorbance
associated with lysosomes/microsomes are released into the solubtaethodzs

phase (without the use of detergents) following disruption via Ultra-

Turrax homogenization. Tissue homogenates were centrifuged agtatistics

2,000 % g for 10 minutes, and the supernatant (containin@5% of

total tissue activity for each protease type) was retained for proteolytic Values_ for prc_)tease activities are meansSEM for n = 4 to 8
enzyme assays observations. Differences between means were assessed using Stu-

dent'st test for paired samples for the chronic and in vitro study,
otherwise an unpairetl test was employed using the LSD test for
comparisons between multiple groups. Significance was assumed when
Enzyme (0.05 mL supernatant) was incubated with the appropriatee < .05.

assay medium (total volume, 0.3 mL) at 37°C (10 to 120 minutes), and

the reaction terminated by addition of 0.6 mL of etha#orhe fluo- RESULTS

rescence of the liberated aminoacyl 7-amino-4-methylcoumarin (AMC) .

was measured by reference to a tetraphenylbutadiene fluorescence !N the age-related study (study 1), a different response of

standard blockXex 380 nmaem 440 nm). Assay blanks were run in Protease activities in skeletal muscle from immature and ma-

which the enzyme was added to the medium immediately beforeure rats was observed following acute alcohol dosage. In

ethanol addition. Assay conditions were modified for samples with highmature rats, the activities of the 3 cytoplasmic proteases, alanyl

enzyme activity, such that the extent of substrate utilization neveraminopeptidase, arginyl aminopeptidase, and leucyl aminopep-

exceeded 15%. Stock substrate solutions (2.5 mmol/L) were preparefidase were reduced—B0%, P < .05; —40%, P < .001;

in 10% (vol/vol) ethanok _ —27%, P = .057, respectively, Fig 1). The activity of the
Assays were performed for the following enzyme types: Alanyl vs5omal enzyme dipeptidyl aminopeptidase Il decreased by

aminopeptidase (EC 3.4.11.14), arginyl aminopeptidase (EC 3.4.11.6),,,, . o -
leucyl aminopeptidase (EC 3.4.11.1), dipeptidyl aminopeptidase | (ECEZ/0 ¢ < .01, Fig 1), and the chymotrypsin- and trypsin-like

3.4.14.1), dipeptidyl aminopeptidase Il (EC 3.4.14.5), dipeptidyl ami- activities of the multicatalytic proteasome were redgced by
nopeptidase IV (EC 3.4.14.5), tripeptidyl aminopeptidase (EC 3.4.14.9)34%, P < .01 and—24%, P < .05, respectively (Fig 1).
proline endopeptidase (EC 3.4.21.26), Cathepsin B (EC 3.4.22.1) or cd-lowever, in these mature rats, there was no measurable effect
thepsin B+ L (EC 3.4.22.15), Cathepsin D (EC 3.4.23.5), Cathepsin H Of acute alcohol dosage on the activities of cytoplasmic prolyl-,
(EC 3.4.22.16), and multicatalytic proteasome (EC 3.4.99.46). Fulltripeptidyl aminopeptidase, and dipeptidyl aminopeptidase IV,
details of reagents and assay conditions can be found else®liére. or lysosomal cathepsins B, D, H, and L dipeptidyl aminopep-
Some data (Fig 2) were originally analyzed jas/mg wet weight  tidase | activities (data not shown for brevity).

and Ay;dmg wet weight/h, respectiveR?,but converted to the same | immature rats, there was no effect on any of the cytoplas-
units as used in Fig 1 to ensure comparability of the data. Based on thg,:~ (alanyl-, arginyl-, leucyl-, prolyl-, tripeptidyl-aminopepti-

assumption that control rats in studies 2 and 3 at the end of 6 week . . . . .
glucose feeding gave identical protease data, the conversion factors ( ase, and dlpeptldyl amlnope_ptldase.IV), lysosomal (cathepsins
, D, H, and L, dipeptidyl aminopeptidase | and Il), or protea-

were as follows: for cathepsin BsU/mg wet weight) into nmol/h/mg - e o
protein f = 17.9/10.5, for cathepsin DAA,s/mg wet weight/h) into somal (chymotrypsin- and trypsin-like) protease activities (data
units/h/mg protein = 5.17/6.05. not shown for brevity). It is important to emphasize that studies
Assay conditions for multicatalytic proteasome (EC 3.4.99.46) werewere performed separately on either immature or mature rats
as follows: chymotrypsin-like activity (for study 4): 50 mmol/L Tris/ and, therefore, it would be imprudent to ascribe age-related
acetate buffer pH 7.5 at 37°C, 5 mmol/L CaCl mmol/L DTT, 0.25  changes in protease activities in control animals.
mmol/L  Glu-Gly-Gly-Phe-AMC; multicatalytic proteasome (EC  |n study 2, chronic ethanol feeding did not affect the activ-
3.4.99.46), trypsin-like activity (for study 4): 50 mmol/L glycine buffer jiiag of calpastatin, microcalpain, or millicalpain (data not
PH 9.5 at 37°C, 1 mmol/L DTT, 0.25 mmol/L CBZ (carboxylbenzyl)- - gho\yn for brevity). Expression of data in terms of the ratios of
Gligﬁlﬁhtrg'gii'some roteolvtic assav in studv 2. an alternativCalPastatin/microcalpain and calpastatin/millicalpain was per-
P P & Y v ef_ormed to ascertain if there may have been subtle effects on

method was used to that above, although the chymotrypsin- and try, . - . -
sin-like activities of the multicatalytic protease were determined in relative activities, which would have otherwise been masked by

each case. Portions of frozen muscle samples from ethanol-fed rats ardBter-rat variability. HOWG_Ver: these ratios were also unaltered
their pair-fed controls were prepared as 1:10 (wt/vol) homogenates(data not shown for brevity).
Each gram of frozen tissue was suspended in 9 vol of 0.1 mol/lL The activities of the cytoplasmic and lysosomal proteases

Proteolytic Enzyme Assays
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acute alcohol n = 6 to 8 (mature rats). *P = .057; *P < .05; **P <

.01.

and the chymotrypsin- and trypsin-like and the peptidylglu- (—14%, P = .055 and—18, P = 0.053; data not shown for
tamyl-peptide hydrolase activities of the multicatalytic protea- brevity). The rationale behind the selection of cathepsin B and
some were similarly unaffected after 6 weeks alcohol treatmenD only was the limitation in time and sample availability.
in immature animals (data not shown for brevity), as well as theCathepsin B and D have been shown to be important for the
cathepsin B and D activities in mature animals (data not showrdegradation of contractile proteins, and it has also been sug-
for brevity). gested that the rate of myofibrillar degradation is increased in
To ascertain if there were subtle time-related changes iralcohol feeding® In mature rats, chronic alcohol treatment for
protease activities that may have been overlooked by analysié weeks did not significantly increase cathepsins B or D activ-
of a single 6-week time point, we assayed cathepsin B and Dties, and cathepsin D activities may have been actually de-
activities in rats fed alcohol for 3 days, 1, 2, 4, and 6 weeksceased in these mature rats§%, P = .056; data not shown for
(study 3). However, sequential changes in cathepsin B and revity).
activities were not significant (data not shown for brevity). It When alcohol was withdrawn for 24 hours from chronic
should be noted that at days 7 and 14 of chronic alcoholalcohol-fed rats and then an acute bolus of alcohol administered
feeding, the activity of cathepsin B was marginally reduced(study 4), the activity of the cytoplasmic enzyme proline ami-
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Table 1. Effect of Superimposing Acute (2.5 hours) Alcohol Dosage on Chronic (4 weeks) Alcohol-Fed Rats on Protease Activity
in the Gastrocnemius Muscle of Immature Rats

Activity (nmol/h/mg protein)

Difference as

Control Alcohol % Control P Value
Cytoplasmic enzymes.
Proline aminopeptidase
Chronic 1,133 = 81 959 + 113 -15 .3864
Chronic + acute 864 + 67 —24 .0391
Multicatalytic proteasome.
Chymotrypsin-like activity
Chronic 1.69 = 0.12 1.49 = 0.11 —-12 .2900
Chronic + acute 1.30 = 0.09 -23 .0512
Trypsin-like activity
Chronic 2.92 £ 0.29 2.17 £ 0.1 —26 .0786
Chronic + acute 2.27 £0.13 -22 .0362

NOTE. All units as mean = SEM nmol substrate hydrolyzed/h/mg soluble protein. Only significant changes are displayed. Chronic alcohol-fed
rats were fed for 4 weeks on a liquid diet containing 35% of dietary energy as ethanol. Controls were fed identical amounts of diet in which
ethanol was replaced by isocaloric glucose. The acute alcohol dosage (75 mmol/kg BW IP) was administered 2.5 hours before killing. The mean
body weights were 186 g for the controls, 177 g for alcohol-fed rats, and 173 g for the rats that received chronic + acute alcohol. Differences
between means were assessed using Student’s t test using LSD, except for differences between chronic control and chronic alcohol groups for
which a paired t test was used (n = 5 to 8).

nopeptidase was subsequently decreased by 2% (.05, assessing the impact of pathogenic treatments on protein deg-
Table 1). Additionally, the chymotrypsin- and trypsin-like ac- radation. In practice, they only provide an index of the capacity
tivities of the multicatalytic proteasome were both reduced byfor protein degradation. Nevertheless, studies have shown that
such coimposition £23%, P = .051 and—22%, P < .05, there is a very good correlation between the in vitro rates of
respectively). The superimposition of alcohol regimes did notprotein degradation as assessed by release of tyrosine and the
alter the activities of the other proteases investigated includingctivities of muscle proteases, for example, cathepsin B and
cytoplasmic alanyl-, arginyl-, leucyl-, tripeptidyl-aminopepti- D.2°
dase, and dipeptidyl aminopeptidase IV or lysosomal cathep- In the present study, the results are limited to maximal
sins B, D, H, and L, dipeptidyl aminopeptidase | and Il (data activities of proteolytic enzymes. Such measurements give the
not shown for brevity). capacity of a system, although they cannot be used to say
Addition of alcohol (200 mmol/L) or acetaldehyde (200 anything about the actual rate of amino acid flux in vivo.
uwmol/L) to homogenates of muscles from ad libitum, chronic
alcohol-fed and pair-fed control rats did not affect cathepsin BSensitivity of Proteases in Mature Rats to Acute Alcohol

activity in vitro (SIUdY.S)' However, gathepsm D activity was We have demonstrated that only protease activities in muscle
decreased after addition of ethanol in muscle homogenates of,

control (ie, glucose fed), alcohol, and ad libitum (ie, chow-fed) of mature rats were susceptible to the effects of acute alcohol,
fed rats P = .059,P < .05, P < .05, respectively: Fig 2). as reflected by reductions in selected cytoplasmic, lysosomal,

o . .= 7" and proteasomal enzyme activities. In contrast, no changes in
Acetaldehyde in vitro also reduced cathepsin D activities in b y 9

o T protease activities were observed in immature rats in response
control, alcohol, and ad libitum-fed rats (allRt< .05; Fig 2). to acute ethanol dosage in vivo. Studies on skeletal muscle

Ir:ec;(r);&tl:?ns;,mre(usilng %‘;‘ﬁ?g?ﬂ?ﬁ; r'?;:g':ép ?;'.\écs) ?C;ﬁga?r:dgprotein synthesis support the concept that immature and mature
P udy ' vitie PSIN Dats have differential responses to this macrotdxi?f. Thus,
or any other of the other lysosomal (cathepsins B, H, and L

dipeptidvl ami tid Land Il o0l i (alanvl “'the fractional rate of protein synthesis in skeletal muscle (gas-
Ipeplicyl aminopeplidase | an ).’ cylopiasmic @ any argi- trocnemius) is greater in immature alcohol-fed rats than in
nyl-, leucyl-, prolyl-, tripeptidyl-aminopeptidase, and dipepti-

. . . mature ones, and this is manifested as an early myopathic
dyl aminopeptidase IV) or proteasomal (chymotrypsin-, tryp- lesion as defined by reduced protein conférRaradoxically
sin-like) protease activities (data not shown for brevity). :

the effect of chronic alcohol treatment on protein synthesis in
DISCUSSION mature rats seems to be slightly greater than in immaturé¥ats.
Also, the decrease in the calculated rate of protein degradation,
although reduced in both immature and mature rats, is greater
There are no reported direct methods for measuring the raten mature rat$7:30In the present study, we did not observe a
of muscle protein breakdown in vivo in the rat in the absencereduction in proteolytic activities in immature rats in response
of invasive procedures. As tissue proteins have the potential tto acute alcohol, although we showed a greater susceptibility in
be broken down by proteases (lysosomal and nonlysosomamature rats. However, it has been established that the antioxi-
including components of the proteosomal system), it followsdant defense system in skeletal muscle increases with age, but
that the activities of these enzymes may be convenient fotype 2 fibers have been found to be more susceptible to age-

Methodologic Considerations
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Fig 2. Rats were fed alcohol for 6 weeks, con-
2 trols were pair-fed. Ad libitum rats were untreated
and had free access to food and water. Alcohol
(200 mmol/L) or acetaldehyde (200 umol/L) were
added to muscle homogenates (1:10 wt/vol) or no
addition was made as reference values. The mean
BWs were 205 g for control rats, 183 g for the
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+ alcohol ethanol-dosed rats, and 388 g for the ad libitum-
D fed rats. Differences between means were as-

+ acetaldehyde sessed using Student’s t test for paired samples.
. n=5to6. P =.059; *P < .05.

related oxidative stre$8.This may explain, but does not prove, detectable at 24 hout8,whereas the present study shows the

the differential susceptibility of skeletal muscle to acute alcoholeffects of acute alcohol, which is reflected in markedly in-

dosage in mature rats. creased serum alcohol concentrations (mean ethanol levels in
A previous study has shown that 24 hours after acute alcohoylucose fed+ acute alcohol and chronie- acute alcohol

dosage, reduced muscle cytoplasmic protease (alanyl amin@roups were approximately 250 to 300 mg%).

peptidase and tripeptidyl aminopeptidase) activities occurs in

immature ratd5 However, we do not believe that the afore- . .

mentioned studies contradict the present data. The former studynronic Alcohol Does Not Affect Muscle Protease Activity

may reflect a postexposure or rebound phenomena at 24 hours Six weeks of chronic alcohol feeding did not alter the activ-

after alcohol dosage, as there was no circulating blood alcohdties of any of the proteases assayed. Potentially, this implies
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that the reduction in muscle protein content that occurs after Raising Acetaldehyde Levels In Vivo With Cyanamide or
weeks of alcohol feeding in the young, ie, immature, rat is dueAddition of Alcohol and Acetaldehyde In Vitro.

to alterati_ons in Pr"tei” _synthes_is anﬁeTh?s conclusion, Although we do not have alcohol or acetaldehyde levels for
_howeve_r, Is at variance with stuc_iles Sugges“”g that a decreagfe ats dosed with alcohol and cyanamide, we have previously
in protein degradation occut3.It is possible that greater per- reported such data using identical protocslsThus, mean
turbations in protease activities may have occurred at intermemood levels of acetaldehydeufiol/L) are control, 5; cyana-
diate time points rather than at 6 weeks. However, cathepsins B,:4o 5 ethanol. 31: and cyanamideethanol, 2 "19575 Cor-

a_nd D_did not_ show any overt alteration at any of the interme'responding acetaldehyde levels in muscle aragl/kg) 51, 52,
diate time points (3 days, 1, 2, 4, and 6 weeks). AIthou_gh W€62, and 827, respectively. Raising acetaldehyde levels within
were unable to measure other proteases at all of these 'mermeyanamide+ ethanol-treated rats markedly reduces protein

diate time points due to restrictions in time and tissue avail-gy ihesis in skeletal muscle to greater than that with alcohol
ab'“tly’ ths Qata:jf(f)r the tlmek.ﬁogrse study 'E CO”Z'Stem W:zhalone?6 In the present study, however, predosing ethanol-
results obtained from rats killed at 4 weeks and 6 weeksy oateq rats with cyanamide in vivo did not alter protease

Alternatively, it can be argued there are methodologic “mita'activities. However, we showed that 2pmol/L acetaldehyde

tipns in the model qf measuring m_uscle protease aCt_iViti?S MNn vitro decreased cathepsin D activity, and similarly, supra-
vitro to reflect protein degradation in rats fed alcohol in vivo, physiologic concentrations of either ethanol (1.7 moliL) or

and this could explain these divergent results. For exampleacetaldehyde (17,008mol/L) in human muscle homogenates
pathologic lesions in protein turnover may arise episodically,

] : ,asreduced muscle protease activitidédn contrast, cathepsin B
a consequence of fluctuations in alcohol levels, coupled withy, i ities were not affected by additions of either alcohol or
the acute sensitization. acetaldehyde in the present (Fig 2) or previ§istudies. This
data implies that (1) different proteases exhibit differential
Sensitization of Muscle Proteases to the Effects of Acute  gensitivities to either alcohol or acetaldehyde; (2) supraphysi-
Alcohol in Superimposition Study ologic levels of acetaldehyde are required to reduce protease
In contrast to the lack of effect of chronic alcohol exposure,activities, but these levels are rarely encountered in intact rats.
superimposing acute alcohol on chronic alcohol-fed ratsHowever, the interpretation of acetaldehyde levels is fraught
showed a decrease in the activities of proline aminopeptidas®ith practical difficulties. The aforementioned in vitro studies
and the chymotrypsin-and trypsin-like activities of the multi- did not take into account any time-dependent effects, nor how
catalytic proteasome. No changes occurred in the lysosomaicetaldehyde might have caused localized effects with different
protease activities or in the activities of the other cytoplasmicregions of the muscle cell in vivo.
enzymes assayed. The observed effects of combined chtonic )
acute alcohol may be due to alterations by acute alcohol alone§onclu5|ons
at least for the chymotrypsin- and trypsin-like activities of the The reductions in protein breakdown, as reflected by reduced
proteasome. However, this argument may be flawed, as iprotease activities, distinguish the effects of alcohol from other
acutely dosed mature rats, the activities of alanyl aminopepticatabolic states, such as sepsis or fasting, in which an increase
dase, arginyl aminopeptidase, leucyl aminopeptidase, anth protein breakdown occuf3:38We are uncertain how selec-
dipeptidyl aminopeptidase Il decreased (Fig 1), whereas onlyive reductions in protease occurred other than the possibility
the activities of proline endopeptidase were decreased whethat circulating ethanol and/or acetaldehyde may have been
acute alcohol was superimposed on chronic ethanol (Table 1)ontributory, although very high levels are necessary to achieve
The reason for this is not clear, but consideration should behis. It has been suggested that increased cytokine production
given to the fact that while the mature rats in study 1 and the(for example, TNFe,3°) may alter proteolysis. Alternative pro-
chronic ethanol-fed rats in this study were the same age (ie, 8esses include inactivation via possible acetaldehyde- or ma-
weeks), rats used for the superimposition study were malnourtondialdehyde-protein adduct formatiét.
ished as a consequence of the pair-feeding protocol (for further
discussion, see Preedy et%l Malnutrition perturbs skeletal ACKNOWLEDGMENT
muscle proteolysig* We wish to thank E.B. Cook for help with a part of this study.
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