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Effect of Glucocorticoid Administration on the Rate of Muscle Protein Breakdown
in vivo in Rats, as Measured by Urinary Excretion of NT-Methylhistidine
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The role of glucocorticoids in regulating the rate of muscle protein breakdown was
evaluated by measuring excretion of NT-methylhistidine during administration of various
doses of corticosterone to adrenalectomized rats. Groups of rats received daily sub-
cutaneous injections of 0, 0.2, 0.5, 1.0, 5.0 or 10.0mg of corticosterone/day per lOOg
body wt. for 7 days, followed by 3 days without hormone treatment, after which they
were killed. A group with intact adrenal glands served as an additional control. All
animals were pair-fed with the untreated adrenalectomized group. No significant dif-
ferences were noted in growth rate or Nt-methylhistidine excretion between the intact
or adrenalectomized control groups, or those given 0.2, 0.5 and 1.0mg of corticosterone,
whereas growth ceased and NT-methylhistidine excretion rose markedly in the groups
receiving 5 and 10mg of corticosterone. After these two high doses of corticosterone,
but not after lower doses, there was a loss of weight of the gastrocnemius muscle
per lOOg of final body wt., but not of the soleus and extensor digitorum longus muscles.
The two highest doses of corticosterone also resulted in an increase in liver weight per
100g of final body wt. Lower doses of corticosterone did not cause these changes. Plasma
corticosterone concentrations, measured on the final day of injection and again at
the time of killing, were decreased to near zero by adrenalectomy and were little raised
by doses of 0.2 and 0.5 mg daily, but were increased to within the normal range by the
1 mg dose. At 5 and 10mg doses, plasma corticosterone concentrations were sustained
at 2-3 times those of intact rats, and thus in the range reported for rats exposed to severe
stress. Rats given 5 and 10mg doses of corticosterone had glycosuria, and showed con-
siderably elevated concentrations of insulin in the plasma. It is concluded that plasma
concentrations of glucocorticoids within the normal range do not regulate the rate
of muscle protein breakdown, whereas excessive plasma concentrations of cortico-
steroids, equivalent to those observed in severe stress, can accelerate muscle protein
breakdown.

The net catabolic effects of glucocorticoid hor-
mones from endogenous or exogenous sources on
skeletal muscle are widely recognized and well docu-
mented (Young, 1970). Net loss of muscle protein
occurs whenever breakdown rate exceeds synthesis
rate. A decrease in muscle protein-synthesis rate
after glucocorticoid administration has been estab-
lished (Wool & Weinshelbaum, 1960; Young, 1970;
Hanoune et al., 1972), but a specific increase in the
breakdown rate of muscle proteins has not yet been
unequivocally demonstrated, although it has been
assumed to occur on the basis of increased proteolytic
activity in the muscles of corticosteroid-treated
animals (Mayer et al., 1976; Mayer & Rosen, 1977).
An increase in the breakdown rate of muscle protein
after treatment of rats with high doses of gluco-
corticoids has been reported (Goldberg, 1969, 1975).
More recently, however, Shoji & Pennington (1977),
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using similar techniques in vitro, could not detect a
change in muscle protein breakdown in cortico-
steroid-treated animals, a result that agrees with
measurements in vivo by Millward et al. (1976). These
various studies are difficult to interpret, since they
involve different muscles and differing types and
doses of administered glucocorticoid. In addition, in
some of these studies, the problem of reutilization of
the labelled amino acid introduces methodological
complications that cannot be readily minimized.
We have used the urinary excretion of Nt-methyl-

histidine, an amino acid present in myofibrillar pro-
tein, as an index in vivo of muscle protein breakdown.
We have previously shown that this amino acid is
released on breakdown of the myofibrillar proteins
myosin and actin, and excreted quantitatively (Young
et al., 1972; Haverberg et al., 1975a,b; Young &
Munro, 1978). This approach thus provides an inte-
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grated assessment of protein breakdown rates in the
total skeletal musculature and is an elegant means of
measuring changes in the rate of protein breakdown
in vivo in muscle itself under the influence of various
treatments. In the present paper, we report the effects
of corticosterone administration to rats on the rate of
muscle protein breakdown, as determined by urinary
NT-methylhistidine excretion; the results are corre-
lated with plasma corticosterone concentrations. It is
concluded that glucocorticoids do not influence the
rate of muscle protein breakdown until plasma con-
centrations of the hormone rise to values observed in
states of severe stress.

Experimental

Animals and treatments

Adrenalectomized and intact male Sprague-
Dawley rats, about 120g body wt. (Charles River
Breeding Laboratories, Wilmington, MA, U.S.A.),
were housed in individual metabolic cages. For 1 week
after surgery, they were fed ad libitum on a purified
diet containing 18% (w/v) lactalbumin (Haverberg
et al., 1975a), and the adrenalectomized rats were
given I % NaCl to drink. The adrenalectomized rats
were then randomly assigned to six treatment groups
of five rats each. Treatments consisted of a daily
subcutaneous injection of corticosterone (purchased
from Calbiochem, San Diego, CA, U.S.A.) for a
7-day period; each group received one of the fol-
lowing doses: 0.0, 0.2, 0.5, 1.0, 5.0 or 10.0mg of
corticosterone/day per lOOg body wt. A group of
intact rats served as an additional control group.
The steroid was injected in 0.5ml of vehicle, con-
sisting of NaCl (0.8 %), polysorbate 80 (Fisher
Scientific, Pittsburgh, PA, U.S.A.) (0.4%), sodium
CM-cellulose (0.5%) and benzyl alcohol (0.9 %),
administered between 11:00 and 12:00h each day,
after the rats had been weighed. Both intact and
adrenalectomized control groups received injections
of the vehicle only. Intact controls and hormone-
treated rats were pair-fed with the adrenalectomized
control group; the daily ration was offered after
completion of other experimental procedures, at
about 12: 00h.
Complete 24 h urine collections were obtained from

each rat, beginning 3 days before and ending 3 days
after the 7-day hormone-treatment period; thymol
was added as a preservative. On the final day of
hormone treatment, blood samples were obtained
from the tail of each rat immediately before (To)
and 5 h after (T5) administration of the hormone.
Then 3 days later, on completion of the urine collec-
tions, each rat was decapitated. Immediately, a blood
sample was taken, the liver was excised and weighed,
and the soleus, extensor digitorum longus and
gastrocnemius muscles from the left rear leg were

removed by careful dissection and individually
weighed.

Determination of urine constituents

Samples of the daily urine collections were pooled
within each group for NT-methylhistidine and
creatinine analysis. Concentrations of NT-methyl-
histidine were determined individually on a Beckman
121 amino acid analyser, as previously described
(Haverberg et al., 1975b), after hydrolysis of the
N-acetyl derivative with 2M-HCl in a boiling-water
bath for 1-2h, and subsequent desalting on a cation-
exchange column (Dowex AG50-X8; 6cm x 1 cm),
followed by stepwise elution with HCI of the acidic,
neutral (2.0-2.5M-HCl) and basic (4.0-5.0M-HCI)
amino acids. The acid eluate containing the basic
amino acids was dried in a rotary evaporator, and the
sample was reconstituted with citrate buffer (0.2M
adjusted to pH 2.2 with HCI) before application to
the amino acid analyser.

Urinary creatinine was determined by the method
of Hare (1950). Urinary glucose was monitored
qualitatively with an enzymic test strip (Tes-Tape;
Eli Lilly and Co., Indianapolis, IN, U.S.A.).

Plasma hormone assays

Plasma corticosterone was determined by the direct
radioimmunoassay method described by Gomez-
Sanchez et al. (1975). {The antibody was kindly
provided by Dr. Gordon Williams, Peter Bent
Brigham Hospital, Boston, MA, U.S.A. [1,2,6,7-3H]-
Corticosterone (sp. radioactivity 92 Ci/mmol) was

obtained from New England Nuclear, Boston, MA,
U.S.A.} Substantial blank values were obtained with
this method, owing to non-specific binding to the
antibody by materials that could not be removed by
charcoal treatment. A similar problem has been noted
by others with this method (G. Williams, personal
communication). Thus it is likely that the values
obtained for the adrenalectomized rats are in fact the
true blank values.

Insulin assays on pooled plasma samples were
kindly carried out by radioimmunoassay by Dr. John
Allsop, Shriner's Burns Institute, Boston, MA, U.S.A.

Statistical procedures
Statistical evaluations were carried out by conven-

tional one- and two-way analysis of variance. Least
significant differences were calculated and are shown
in Table 1.

Results

Effect of corticosterone on body weight and organ
weights

Fig. 1 shows changes in body weight of the groups
of rats during the experiments. The animals were given
about lOg of diet daily, which was essentially fully
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Table 1. Summary of statistical analyses of body weight gain, NT-methylhistidine and creatinine excretion, liver and muscle
weights, andplasma corticosterone concentrations in intact and adrenalectomized rats receiving various doses of corticosterone

For details see the text. Abbreviations: LSD, least significant difference between group means for P<0.01; NS, not
significant (P > 0.05).

Significance (P) of differences
with respect to:

Table or figure

Fig. 1. Body weight gain during treatment (g/day)

Table 2. Organ weights
Liver (g)

(g/lOOg body wt.)
Soleus (mg)
(mg/lOOg body wt.)

Gastrocnemius (mg)
(mg/IOOg body wt.)

Extensor digitorum longus (mg)
(mg/IOOg body wt.)

Urinary excretion during treatment
Fig. 2. NW-Methylhistidine

(pmol/day)
(pmol/lOOg body wt.)
(pumol/g of creatinine)

Fig. 3. Creatinine (mg/day)
(mg/IOOg body wt.)

Fig. 4. Plasma corticosterone (,ug/lOOml)
at Oh
at 5h
at lOOh

Corticosterone
treatment

< 0.01

Time

<0.01
< 0.01
<0.05
NS
<0.01
<0.01
<0.01
<0.05

<0.01
<0.01
< 0.01

<0.01
<0.01

NS
0.05>P<O.l

< 0.01

<0.01
< 0.025

< 0.01
<0.01
< 0.01

LSD

1.56

0.86
0.58
17.2

216.0
59.1
14.5
7.75

0.37
0.26

320

0.55
0.39

190
12.4
9.0

I.P160
0

-

0 1 50-

Cd
i

140-

0 2 4 6 8 10 12 14

Experimental period (days)

Fig. 1. Daily body-weight changes ofrats before, during and
after corticosterone treatment

Values are means for five rats in each of the following
treatment groups: intact+vehicle (v); adrenalecto-
mized+vehicle (o); +0.2 (mg of corticosterone/day
per l0Og body wt.) (v); +0.5 (A); + 1.0 (A);+5.0(0);
+ 10.0 (a). Injections were given subcutaneously for
7 days (period indicated by horizontal arrow). All
rats were pair-fed with the average intake of adrenal-
ectomized controls.

Vol. 178

consumed, even by the rats receiving the high cortico-
sterone dosages. Since all rats were pair-fed with the
adrenalectomized control group, the intact controls
did not achieve the normal rate of weight gain for
males of the Sprague-Dawley strain receiving an 18%
lactalbumin diet ad libitum (about 6-7g/day; Haver-
berg et al., 1975a).

During the 7-day period of hormone treatment, the
intact controls and the adrenalectomized groups given
0.0, 0.2, 0.5 and 1 mg of corticosterone/day per IOOg
body wt. gained about 25g; the rates of weight gain
did not differ among these groups (Table 1 and Fig.
1). Rats receiving 5 and 10mg of corticosterone/day
per lOOg body wt. either maintained weight or lost
5-lOg, with the major weight loss occurring on the
first 1 or 2 days of treatment. Although a similar
initial weight loss was observed in rats of the group
receiving 1 mg of corticosterone, this group resumed
a normal growth pattern from the second day of
steroid treatment.

The weights of the livers and of the three skeletal
muscles removed at the end of the experiment are
shown in Table 2. Livers of animals receiving -5 and
10mg of corticosterone showed a considerable
(P<0.01) increase in both absolute weight and
weight/100g final body wt., in agreement with liver
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hypertrophy known to be induced by corticosteroid
treatment (Goodlad & Munro, 1959). The three
muscles, representing predominantly red (soleus),
white (extensor digitorum longus) and mixed (gastro-
cnemius) fibres, showed differing responses.
Relative to final body weight, the gastrocnemius
weighed significantly (P<0.01) less in rats given the
two highest steroid doses, in comparison with the
adrenalectomized controls (Table 2). However, the
soleus and extensor digitorum longus muscles were
not significantly decreased by corticosteroid treat-
ment below those in the adrenalectomized controls
when the weights of these muscles were expressed per
lOOg final body wt. (Table 2).

Excretion ofNT-methylhistidine and creatinine

Fig. 2 shows the daily output ofNT-methylhistidine/
lOOg body wt. for groups of rats. Intact and adrenalec-
tomized controls and rats given 0.2, 0.5 and 1 mg of
corticosterone/day showed similar output patterns
during the collection period. The initial output of
about 1.3pmol/lOOg body wt. is similar to that
observed by us previously (Haverberg et al., 1975a)
for lOOg rats, and, as the rats gained weight, the
progressive decrease of about 25% in NT-methyl-
histidine output/100g (Fig. 2) also agrees with our
earlier observations on growing rats (Haverberg et al.,
1975a). Output of NT-methylhistidine per unit body
weight or per unit of creatinine excretion did not
differ significantly between intact rats'and adrenalec-
tomized rats receiving up to 1 mg of corticosterone.
In contrast, administration of 5 mg of corticosterone/
day per lOOg body wt. rapidly increased daily
NT-methylhistidine output over 3 days to 2.3,umol/
lOOg body wt., followed by a decrease to about
1 .3,umol/100g, whereas administration of 10mg of
steroid caused a persistent increase at about 1.9pmol
of NT-methylhistidine/100g body wt. Output of
NT-methylhistidine by both of these groups declined
to values below those of the other groups after
steroid treatment was stopped (Fig. 2).
To provide an index of muscle mass, and to

minimize variability from daily urine excretion,
creatinine output was measured. Fig. 3 shows the
ratio of NT-methylhistidine output to creatinine
excretion, expressed as a percentage change from the
mean ratio of each group during the 3-day period
beforehormone treatment. The ratio increased sharply
throughout treatment for animals receiving 10mg,
and during the first half of treatment for those given
5mg of corticosterone; these elevated ratios per-
sisted until after treatment was stopped. At the 1 mg
dosage, there was a tendency for output of N?-
methylhistidine/mg of creatinine to increase on the
first 3 days of dosage, whereas groups on lower doses
showed no change in ratio as a result of treatment
(Fig. 3).
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Fig. 2. Daily output ofN'-methylhistidine/lOOg body wt. before, during and after corticosterone treatment
Each point is a pooled sample from five rats. Explanation of the symbols and other details are as described in the legend
to Fig. 1.

Plasma hormone concentrations

Fig. 4 shows corticosterone concentrations in
plasma drawn from the tail just before and 5h after
the last injection of corticosterone, and at the time of
killing 3 days later. A certain amount of non-specific
displacement of antibody-bound radioactivity by
compounds in the plasma other than corticosterone
was demonstrated after removal of authentic
corticosterone by charcoal treatment. The data have
therefore been interpreted in relation to this blank
value. The values obtained for intact controls are
within the normal range reported by others (Gtmez-
Sanchez et al., 1975; Pollard et al., 1976). The un-
treated adrenalectomized control group still showed
small amounts of apparent corticosterone binding
compared with charcoal-treated blank values (Fig.
4); this also is probably non-specific, and the values
obtained for this group presumably represent the
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true blank values for the assay. Rats receiving 0.2
and 0.5mg of corticosterone showed no apparent
increase in plasma concentrations of the steroid,
whereas rats injected with 1, 5 or 10mg of cortico-
sterone had increasingly elevated plasma -concentra-
tions 5 h after treatment, which, at the two higher
doses, persisted into the post-injection period, in
comparison with values observed for the untreated
adrenalectomized animals (Fig. 4).

Insulin content was measured on pooled plasma
samples for each group. The values within all groups
except for the adrenalectomized controls were
highest at 5 h after corticosterone administration
(Fig. 5). Corticosterone doses above 0.5mg raised
plasma insulin to concentrations exceeding those of
control rats. At the 5 and 10mg doses, insulin
values were still elevated 24h after corticosterone
injection, and these groups also showed gross
glycosuria.
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Fig. 3. Daily N%-methy/histidinelcreatinine ratios for each
treatment group from commencement of corticosterone
treatment, e.rpressed as the percentage change from the

mean ratio ofthe preceding 3 days
Each point is a pooled sample from five rats. Explana-
tion of the symbols and other details are as described
in the legend to Fig. 1.
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Fig. 4. Mean concentrations of corticosterone in plasma of
rats

Plasma was sampled from the tail just before the 7th
injection (24h after the 6th injection) (TO, U), 5h
after the 7th daily injection (T,, U), and at time of
killing, about lOOh after the 7th injection (Tloo, D).
Values are means+s.E.M. for four or five animals.
The charcoal-treated plasma (-) value is the mean ±
S.E.M. for 12 samples within the range 11.5-
71.0ug/1OOml before charcoal treatment. Abbrevi-
ations used: V, vehicle; ADX, adrenalectomized.

Discussion

As judged by changes in growth rate and urinary
excretion of N-methylhistidine, neither adrenal-
ectomy nor replacement treatment with 0.2 or 0.5mg
of corticosterone/day per lOOg body wt. had any
effect when these groups were pair-fed with the
adrenalectomized group receiving the vehicle only.
These two doses of corticosterone are similar to
those considered by Steele (1975), on the basis of
various criteria, to be optimal for replacement
therapy of adrenalectomized rats. Our data confirm
this by showing that the plasma corticosterone con-
centration 5 h after administration of 0.5mg of
corticosterone was within the normal range in intact
rats (Fig. 4). In contrast, growth ceased and NT-
methylhistidine output rose sharply when rats
received 5 or 10mg of corticosterone/day per lOOg
body wt. These doses caused persistent increases in
plasma corticosterone above the values observed in
intact controls, indicating that corticosterone in-
creases the breakdown rate of myofibrillar protein
only when excessive concentrations are present in the
plasma. A critical dose for catabolism is confirmed by

-10
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+V +V +0.2 +0.5 +1.0 +5.0 +10.0

Treatment (mg of corticosterone/day per 100 g
body wt.)

Fig. 5. Concentrations of insulin in plasnma ofrats
Plasma was sampled at 0, 5, and lOOh after cortico-
sterone injection. Each value is a pooled sample from
four or five rats. For further details see the legend
to Fig. 4.

the loss of weight of the gastrocnemius muscle only
at the two higher doses (Table 2). Our data do not
allow us to be precise about the minimum effective
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dose required to induce the catabolic response. At
the 1 mg dose of the steroid, non-significant minor
effects on growth rate and N?-methylhistidine out-
put were observed. These findings emphasize the
need to establish the critical catabolic dose of
corticosterone, preferably under conditions of ad-
ministration reflecting the pattern of normal adrenal
secretory activity.
The literature is contradictory about the action

of corticosteroids on muscle protein breakdown.
Millward et al. (1976) treated rats for 2 days with
triamcinolone (0.5mg/100g body wt.) and used the
technique of continuous infusion of ['4C]tyrosine to
measure protein synthesis in individual muscles, from
which they computed breakdown as the difference
between the estimated rate of synthesis and the net
change in muscle protein content. Although they
found that synthesis was inhibited, they did not
observe a significant increase in protein-breakdown
rate in rat gastrocnemius and quadriceps muscles.
Shoji & Pennington (1977) reported that release of
tyrosine in vitro (taken to be an index of protein
breakdown) from the extensor digitorum longus
muscle of rats did not increase after pretreatment
with 10mg of cortisone acetate/100g body wt. for 3
days. On the other hand, Goldberg (1969) injected
["4C]leucine into rats and measured its release in vivo
from plantaris and soleus muscles after administration
of 10mg of cortisone acetate/day per 1O0g body wt.
for 7-10 days, and observed an increased rate of
muscle protein breakdown in plantaris but not in
soleus. Karl et al. (1976) administered 20mg of
cortisone acetate on three successive days to 120g
rats; 24h after the last dose, release of alanine by the
epitrochlaris muscle in vitro was enhanced, implying
a net protein loss from this muscle as a result of
steroid treatment.

These studies, carried out on single muscles, are
contradictory and difficult to resolve owing to the
differences in the type of steroid administered, the
amount and period of dosage, the age and sex of the
rats, and the hormone-responsiveness of the in-
dividual muscles. Our data (Table 2) and those of
others (Smith, 1964; Goldberg, 1969; Goldberg &
Goodman, 1969) confirm that changes caused by
corticosteroid administration differ among muscle
types. Measurement of urinary Nt-methylhistidine
excretion, as reported in the present paper, offers the
advantage of an integrated estimate of average pro-
tein breakdown for the entire skeletal musculature at
various dosages of steroid.
The persistence of the catabolic response to

corticosterone is also reflected in our studies. Since
plasma corticosterone concentrations were assayed
after 7 days of injections, it is possible that, owing to
adaptive enhancement of corticosterone removal, the
concentrations induced by the two highest doses
declined, after having been more elevated at the start
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of treatment. Nevertheless, Fig. 4 indicates that the
elevated values persisted 4 days after the last injec-
tion of the hormone. Alternatively, the target organs
may have become to some degree refractory to the
hormone, as indicated by the decline in N?-methyl-
histidine output after 3-4 days of dosage with 5 mg/
day per lOOg body wt. Thus Goldman & Frohman
(1974) noted that the body protein content of rats
declined on the first day of glucocorticoid treatment.
Results reported by other workers also indicate an
adaptive decline in such parameters as nitrogen
excretion and plasma glucose and insulin concentra-
tions in response to continued hormone therapy
(Steele, 1975).
The doses of corticosterone that caused increased

output of NT-methylhistidine in our studies also
produced liver enlargement (Table 2). The latter
response to a high dose of glucocorticoid agrees with
other data in the literature (Goodlad & Munro, 1959)
and is in accord with observations that steroid
treatment can enhance the synthesis of RNA and
protein by perfused liver (Munro, 1964). In intact
rats, the critical dose needed to produce this hyper-
trophy appears to be similar to that for skeletal-
muscle catabolism (Table 2). Although Loeb (1976)
found a decrease in DNA content of rat liver after
low doses of cortisol, we saw no evidence of
changes in liver weight or body weight when our doses
were less than the high values that we used to produce
a catabolic response.
The low concentrations of insulin in the untreated

adrenalectomized control rats agree with the finding
by Sutter (1968) of decreased pancreatic insulin
secretion and lack of responsiveness to elevated
plasma glucose values in adrenalectomized rats. This
attests to the completeness of adrenalectomy in our
rats. With higher corticosterone doses, the con-
comitant elevation of insulin concentrations (Fig. 4)
is consistent with the findings of others (Steele, 1975).
The reason for the relatively low plasma insulin con-
centrations in the group receiving 10mg, compared
with that receiving 5mg, of corticosterone/day per
lOOg body wt. is unclear. Both groups showed
extensive glycosuria, indicative of corticosterone-
related insulin resistance and consequent diabetes.
Thus our data are in accord with the view that
corticosteroids inhibit entry of glucose into peri-
pheral tissues, with resulting elevation of plasma
glucose concentrations and increased secretion of
insulin caused by hyperglycaemia. In addition, it is
well known that corticosteroids increase gluconeo-
genesis, which would accentuate the hyperglycaemia.
Our data do not permit any conclusions about the

mechanism of the observed increase in the rate of
muscle protein breakdown. Glucocorticoid treat-
ment does not appear to activate or release muscle
lysosomal hydrolases (Buchanan & Schwartz, 1967),
but does lead to increased activity of several non-
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lysosomal proteinases (Mayer et al., 1976; Mayer &
Rosen, 1977). Mayer et al. (1976) have reported a
2-fold increase in activity of a myofibrillar proteinase
after glucocorticoid treatment, consistent with our
finding of increased myofibrillar degradation, as
indicated by Nr-methylhistidine excretion, after
administration of corticosterone to rats in amounts
sufficient to maintain elevated plasma corticoid
concentrations.

Finally, it should be noted that the concentration
of plasma corticosteroids is elevated by a number of
pathological stress conditions. For example, rats
with extensive burns can maintain corticosterone
concentrations higher (50-55,ug/1O0 ml) than those
noted by us in rats receiving 5mg of corticosterone/
day per I00g body wt. for several days (J. Allsop, un-
published work). Similar elevations in corticosterone
concentrations in response to physical stress have
been reported by others (Dallman & Jones, 1973;
Szarfarczyk et al., 1974). Psychological stress super-
imposed on physical stress can elevate plasma
corticosterone concentrations in rats to 90,Og/100ml
for several days (Pollard et al., 1976). On the basis of
these data, our results suggest that an increased rate
of muscle protein breakdown caused by sustained
increased steroid secretion is likely to be a feature of
the response to severe stress, such as in burns with
infection. Corticosterone does not have a regulatory
effect on myofibrillar protein breakdown until con-
centrations well above the normal range are present
in the plasma.
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