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Lowering of plasma triiodothyronine level and sympathetic activity does
not alter hypoalbuminaemia in rats fed on a diet of low protein

concentration

Ana Lydia Sawaya* and Peter G. Lunn

Dunn Nutritional Laboratory, Downham’s Lane, Milton Road, Cambridge CB4 1XJ, UK
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Previous studies have described high plasma triiodothyronine (T3) concentrations and
sympathetic activity in rats fed on low-protein diets. The present investigation examined how
the nutritional status of rats fed on a low-protein diet was affected when these hormonal changes
were reduced by drug administration. The low-protein diet (LP group) prevented growth,
reduced plasma albumin levels, elevated plasma T; concentration, and increased both the weight
of the interscapular brown adipose tissue (BAT) and the activity of BAT cytochrome ¢ oxidase
(EC 1.9.3.1). Lowering the plasma T3 concentration (with carbimazole; CA group) elevated the
plasma insulin concentration, promoted a small increase in the plasma albumin concentration
and caused weight gain in comparison with the LP group. Reduction of sympathetic activity
(with «-methyl-p-tyrosine; MT group) promoted a small elevation in plasma albumin
concentration accompanied by a diminished T; concentration, BAT weight, and an increase
in fat deposition in relation to LP rats. In a second experiment, simultaneous lowering of the
plasma T; concentration and sympathetic activity (CA/MT group) resulted in weight gain
associated with elevated plasma insulin concentration and fat deposition and a marked reduction
in BAT cytochrome c oxidase activity. However no change in the hypoalbuminaemia was
observed. The results of the present study suggest that in spite of the previously described
increase in metabolic rate in rats fed on a diet with low-protein concentration when compared
with controls, the mechanisms involved in the control of BAT activity and fat deposition seem
to be independent of those which cause liver protein depletion and hypoalbuminaemia.

Hypoalbuminaemia: Protein intake: Triiodothyronine

The experiments of Lunn & Austin (19834,b) and Sakuma
et al. (1987) have demonstrated that hypoalbuminaemia,
the most characteristic feature of kwashiorkor, develops in
rats fed on a low-protein diet when they consume energy in
excess of requirements for growth and maintenance. Data
from balance studies have shown that for hypoalbuminae-
mia to occur, not only had dietary protein to be inadequate,
it was also necessary for energy consumption to be in ex-
cess of requirements for the protein-limited growth rate
(Lunn & Austin, 1983¢,b). In addition, Lunn & Austin
(1983b,c¢) found, in their studies in rats fed at constant
protein intake, a strong (r 0-93) negative association
between the plasma concentrations of albumin and triio-
dothyronine (T3) with various levels of energy restriction.
These findings raised the suggestion that the way in which
the organism deals with the energy surfeit might interfere

with protein metabolism and cause hypoalbuminaemia in
rats fed on diets with a low protein concentration. In
keeping with this picture, the two hormones most directly
concerned in energy dissipation, T; and noradrenaline,
occur in elevated amounts in rats and other animals fed on
low-protein diets (Tulp et al. 1979; Lunn & Austin,
1983b,c; Kenovian er al. 1984; Vander Tuig & Romsos,
1984; Carew & Alster, 1997).

Both hormones are also known to exert effects on N
metabolism. The role of thyroid hormones in N metabolism
is complex and even in individual tissues, such as skeletal
muscle and liver, their action is far from clear (Grofte et al.
1997). In euthyroid or hypothyroid states, both T; and
thyroxine (T4) are anabolic, but their presence increases the
rates of both synthesis and breakdown of muscle tissue
(Tischler, 1981; Brown & Millward, 1983). In regard to

Abbreviations: BAT, brown adipose tissue; CA group, group treated with carbimazole; CA/MT group, group treated with carbimazole and a-methyl-p-
tyrosine; LP group, group fed on a low-protein diet; MT group, group treated with a-methyl-p-tyrosine; P: E, protein energy : total energy; T,

trilodothyronine; T,, thyroxine.
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noradrenaline, there are few reports concerning its effects
on muscle protein turnover. However, according to Tischler
(1981) this hormone reduces proteolysis in skeletal muscle,
an action which is inhibited by addition of the p-blocker
propranolol. In addition, several authors (Emery er al.
1984; Bates & Pell, 1991) have demonstrated increased
protein deposition and raised protein synthesis rate in
skeletal muscle of rats treated with the f-agonist clenbu-
terol.

To investigate the effects of lowering the plasma T; level
and sympathetic activity on skeletal muscle protein, plasma
albumin levels, brown adipose tissue (BAT) activity, and
body fat, we administered carbimazole and o-methyl-p-
tyrosine, known to inhibit thyroid hormone and catechola-
mine synthesis respectively, to rats fed on a diet of low
protein concentration, by reducing these hormones we
expected to improve liver status and raise the plasma
albumin concentration. Thus, the objective of the present
study was to investigate if the increases in T; and
sympathetic activity could also exert effects on N
metabolism by reducing skeletal muscle proteolysis and
limiting amino acid supply to the liver, in rats fed on low-
protein diets.

Materials and methods

Males from an inbred, specific-pathogen-free strain of
hooded rats maintained at the Dunn Nutritional Laboratory
were used in the experiments. Care of the rats was
supervised by veterinarians and was in accordance with
the policies of the Dunn Nutrition Unit, University of
Cambridge, UK. Animals were weaned at 3 weeks on to a
synthetic casein-based diet with a protein energy : total
energy (P: E) value of 0-20 (Table 1) for 1 week before the
experimental procedures began. Two studies were under-
taken: the first examined the effects of separate inhibition
of Ty and catecholamines while the second investigated the
result of simultaneous inhibition of the two hormones. The

hormone inhibitors were administered by mixing them with
the animals’ food.

Thyroid hormone synthesis was inhibited with carbima-
zole in the form of tablets of neomercazole (Nicholas,
London, UK) which were powdered, and then carefully
mixed into the diet to give a carbimazole concentration of
50mg/kg food. However, since it has been shown that
carbimazole at various concentrations decreases plasma
thyroid hormones with marked impairment in albumin
synthesis (Peavy er al. 1981a, b), Ts (Tertroxin, Glaxo,
London, UK) was added to the food at 10ug/kg diet.
Although it is important to acknowledge the possibility of
hypothyroxinaemia, some pieces of evidence support the
decision to add T; and not T, to the diet mixture. First,
previous studies have shown that T; is elevated in protein
deficiency while T, is decreased (Carew & Alster, 1997).
Second, T3 and not T, was inversely associated with
plasma albumin levels (Lunn & Austin, 1983b,c). Third,
skeletal muscle and liver are more sensitive to blood Tj
levels than to T,. In addition, the main purpose of the
present drug manipulation was to prevent the rise in T,
levels observed in rats fed on low-protein diets. On the
other hand, we are aware of, and believe it is important to
state, the limitations of this kind of drug treatment which
certainly cause many other hormonal and metabolic
alterations which it is not possible to control for.

Drugs were added to the weaning diet because previous
pilot studies had shown that addition of carbimazole was
most effective in the reduction of plasma thyroid hormones
when administered before the change to the low-protein
diet. Adding carbimazole to the weaning diet for 3 d before
offering the low-protein diet prevented the rise in plasma
T3 concentration which occurs when rats are given free
access to such a diet, maintaining its concentration within
the normal range. Catecholamine production was lowered
with o-methyl-p-tyrosine (Sigma, Poole, Dorset, UK)
which was mixed with the food to give a concentration of
5 g/kg diet. The drug concentration was chosen after pilot

Table 1. Composition (g/kg diet) of the weaning and low-protein diets given to rats

Constituent Weaning Low-protein
Casein 210 315
Cystine 3 0-45
Sucrose 355 444.5
Starch 355 444.5
Maize oil 30 30
Salt mixture* 50 50
Total 1003 1001
B-vitamin and choline chloride mixture (mi/kg)t 10 10
Fat-soluble vitamin mixture} 1 dose/week 1 dose/week
Energy content (MJ/kg) 16.70 16.70
Carbohydrate (g/kg) 701 879
Protein (g) 209 31

* Containing (g/kg): calcium carbonate 250, calcium hydrogen phosphate 325, disodium
hydrogen phosphate 185, potassium chloride 205, magnesium sulfate 4.5, ferric citrate 4.35,
copper sulfate 0-375, zinc carbonate 0-75, potassium iodate 0-025 (commercially prepared by

Arthur H. Cox, Brighton, Sussex, UK).

+ Containing: choline chloride 2g, calcium pantothenate 20 mg, thiamin 3 mg, pyridoxine 3mg,
riboflavin 3mg, nicotinamide 25 mg, biotin 0-1 mg, cyanocobalamin 0-05 mg.

1 Each rat received weekly doses of fat-soluble vitamins in arachis oil containing: retiny! acetate
344 g, ergocalciferol 5pg, dl-o-tocopherylacetate 2mg, 2-methyl-1,4-naphthoquinone

0-05mg.
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dose-response studies were performed using three different
doses: 1, 5 and 6g/kg diet. No significant metabolic
changes were observed when rats fed on a low-protein diet
were treated with o-methyl-p-tyrosine at 1g/kg diet;
however, treatment with 6g/kg diet markedly impaired
weight gain (AL Sawaya and PG Lunn, unpublished
results). Administration of the drug at 5g/kg diet, on the
other hand, proved effective at lowering sympathetic
activity since it promoted both a marked decrease in
plasma T, concentration and a simultaneous increase in
body fat. A better description of its effects is presented in
Table 2.

At day 12 after weaning, rats were divided into groups of
six. Those in the control group continued with the same diet
for the following 2 weeks and 3 d of the experiment; those
in the LP group received the weaning diet for a further 3d,
but were then fed for 2 weeks on a diet of low protein
concentration, P:E 0-03 (Table 1). Thyroid-inhibited
animals (CA group) received similar dietary treatment to
the LP group but with carbimazole and T3 added to the
weaning diet for 3d and then to the low-protein diet for 2
weeks. Those treated with a-methyl-p-tyrosine had this
compound added to their low-protein diet only (MT group).

In the second experiment three groups were studied,
starting on day 7 after weaning. The first group was given
free access to a low-protein diet for 2 weeks (LP group).
The second group received both hormone suppressers
(CA/MT group) added to the food as follows: 3d of
weaning diet mixed with carbimazole and T3 (50 mg/kg
diet plus 10 pg/kg diet respectively), then 2 weeks of low-
protein diet mixed with carbimazole, T3 plus a-methyl-p-
tyrosine (5g/kg diet). A third group, pair-fed with the
CA/MT-treated animals, was also included (pair-fed
group), receiving the low-protein diet in amounts calcu-
lated daily to match the intake of the CA/MT group.

During the experimental period the rats were individu-
ally housed in wire cages fitted with trays to collect food
spillage. Ambient temperature was kept at 23 +2° and a
12 h light—dark cycle was maintained. Food and water were

freely available. Animals were weighed and their food
consumption recorded daily.

At the end of the experimental period, rats were killed
between 10.00 and 11.00 hours by exsanguination under
diethyl ether anaesthesia. Blood was collected into
heparinized tubes and the resulting plasma stored at
— 20° until required for analysis. Interscapular BAT was
removed into ice-cold SHE buffer (0-25 M-sucrose, 0-1 mM-
HEPES, 0-1 M-dipotassium EDTA, pH 7-2) and separated
from adhering muscle and white fat. It was then blotted,
weighed and homogenized and kept at 4° for the assay of
cytochrome c oxidase (EC 1.9.3.1) activity. The liver and
the gastrocnemius muscle from one leg were removed and
weighed, and portions were taken into small tin capsules
for N analysis using an automated N analyser (Dumas
Analyzer, Carlo Erba, Erba Science, Swindon, Wilts., UK).
Protein was calculated as N x 6-25.

Assays

Cytochrome ¢ oxidase was assayed in BAT homogenates
by following the oxidation of reduced cytochrome c
spectrophotometrically at 550 nm according to the method
of Yonetani & Ray (1965). Plasma albumin was determined
using a bromocresol-green technique (Sawaya & Lunn,
1985). Concentrations of T3 and insulin in plasma were
measured by radioimmunoassay using a kit supplied by
Amersham International (Amersham, Bucks., UK).

An estimate of the carcass composition was obtained by
freeze-drying the animal carcass. Body water (g/kg) and
body fat (g/kg) were calculated from total body water
content measured by desiccation. It was assumed that water
constituted 732g/kg of the fat-free wet weight of the
animals (Sheng & Huggins, 1979), according to the
equation: % fat=100 (1—(% total body water/0-732)).
Then the percentage of fat was converted into total body fat
by the equation: % fat x body weight/100. Identical
weights on two successive days was the criterion routinely
used to check for complete dehydration of freeze-dried

Table 2. Body weight, food intake and metabolic variables in rats fed on a weaning diet (control), a low-protein diet alone (LP), a low-protein diet
plus carbimazole and triiodothyronine (CA) or a low-protein diet plus a-methyl-p-tyrosine (MT)*

{Values are means for six rats with their pooled standard error)

ANOVA
Group... Control LP CA MT SEM P
Initial body wt (g) 109 117 119 131 5 NS
Weight gain (g) 91.72 -02° 8.8° —2.0° 1.9 <0-001
Food consumption:

(g/d)t 18.0 15.9 163 15.3 1.0 0.05
(9/d per kg body wt®7%) 756 79.3 784 70.6 4.4 NS
Plasma albumin (g/!) 31.1° 24.5° 25.8° 26.3° 0-3 <0-001
Plasma triidothyronine (ug/!) 1.15° 1.44° 1.13° 0.81° 0.04 <0001
Plasma insulin (mU/1) 16.5° 17.72 38.0° 23.5% 45 0.03
Interscapular BAT (mg/kg body wt) 3200° 5680° 4960 4390° 233 <0001

BAT, brown adipose tissue.

ab.< Mean values within a row not sharing a common superscript letter were significantly different, P < 0.05 (ANOVA followed by the Newman—Keuls procedure).

* For detaits of diets and procedures, see Table 1 and pp. 456-457.

t Food intake is expressed as the average of daily measurements over 2 weeks.
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samples. This method allows comparison of rats in the
different groups and has been further discussed by Lunn &
Austin (1983b).

Statistical differences were assessed using one-way
ANOVA. The Newman—Keuls test was performed subse-
quently for comparisons between groups.

Results
Treatment with low-protein diet

It is clear from the weight gain results shown in Table 2
that dietary protein deficiency (LP group) resulted in a
marked reduction in growth performance. Although food
consumption measured as g/d was lower in the LP group
than in the rapidly growing control rats, the differences
were not significant according to the Newman—Keuls test
for pair comparisons. Also, when food intake was corrected
for metabolic body weight, it was clear that no significant
reduction in food intake had occurred. The low-protein diet
markedly diminished plasma albumin concentrations and
increased plasma T values (Table 2). Interscapular BAT
weight and cytochrome c oxidase activity (corrected for
body weight) were much increased and there was a small
rise in the proportion of body fat (Table 3).

Treatment with carbimazole

Rats fed on the low-protein diet and treated with
carbimazole showed no changes in BAT weight, cyto-
chrome c oxidase activity or carcass composition when
compared with the LP group (Tables 2 and 3). Never-
theless, this drug treatment successfully promoted a
significant reduction in total plasma T, resulting in values
similar to those for control rats (Table 2). A significant
elevation in plasma insulin concentration was observed
(Table 2). These hormonal changes accompanied a marked
weight gain when compared with LP animals even though
food consumption did not differ (Tables 2 and 3). A slight
rise in plasma albumin level was observed compared with
the LP group, although albumin concentration was still
much lower than that for control rats (Table 2).

Treatment with a-methyl-para-tyrosine

Administration of o«-methyl-p-tyrosine decreased total
plasma T; concentration and BAT weight, and increased
body fat in relation to the LP group (Tables 2 and 3). A
small elevation of plasma albumin concentration was also
observed in these drug-treated animals when compared
with the LP group, although values were still much lower
than those for control rats. Food consumption, in
comparison with the other groups, did not change (Table
2). Weight gain was the same as for the LP group and
consequently much lower than in control rats (Table 2).
Plasma insulin concentration was similar to those of the
control and the LP groups and lower than that of the CA
group. BAT cytochrome ¢ oxidase activity was not
significantly different to that of the LP rats, although
values were higher than for the control and CA groups
(Table 3).

Treatment with carbimazole plus a-methyl-para-tyrosine

In the second experiment, animals treated with both thyroid
and sympathetic suppressers given simultaneously showed
a slight, though not significant, decrease in food intake
when compared with LP rats (Table 4). Treatment with
carbimazole plus a-methyl-p-tyrosine promoted greater
weight gain associated with a rise in plasma insulin
concentration, and higher body fat (Table 6) when
compared with the LP and pair-fed groups. Liver weight
but not liver protein content was augmented in the pair-fed
and CA/MT groups and consequently plasma albumin
concentration stayed low as in the other groups.

The hormonal balance characterized by low plasma T,
and high plasma insulin concentrations was associated with
a reduction in BAT cytochrome ¢ oxidase activity and an
increase in body fat (Table 6). No changes in the weight of
the gastrocnemius muscle or its protein content were
observed (Table 5).

Discussion

Protein deficiency is a prominent feature of the develop-
ment of kwashiorkor and marasmic kwashiorkor in children

Table 3. Cytochrome oxidase activity and carcass composition of rats fed on a weaning diet (control), a low-protein diet alone (LP), a low-protein
diet plus carbimazole and triiodothyronine (CA) or a low-protein diet plus a-methyl-p-tyrosine (MT)*

(Values are means for six rats with their pooled standard error)

ANOVA
Group... Control LP CA MT SEM P
Cytochrome oxidase (U/total BAT per kg body wt)t 97.5° 215.4%¢ 194.6° 256.8° 124 <0-001
Carcass composition:
body water (g/kg) 6652 634° 630° 618° 3 <0001
body fat (g/kg) 92° 134° 126° 155° 4 <0-001
total body fat (g) 19.32 15.6° 15.8° 20.0% 08 <0-01

BAT, brown adipose tissue.

25 Mean values within a row not sharing a common superscript letter were significantly ditferent, P < 0.05 (ANOVA followed by the Newman—Keuls procedure).

* For details of diets and procedures, see Table 1 and pp. 456—457.

+U (units) are defined as umol reduced cytochrome ¢ oxidized/min per total interscapular BAT.

ssa.ld Aissanun sbpuquied Ag suljuo paysiignd 9,00866 LNIG/6£01°01/b10"10p//:sdny


https://doi.org/10.1079/BJN19980076

Plasma albumin levels in protein deficiency 459

Table 4. Food consumption, weight gain and plasma variables in rats fed on a low-protein diet ad /ibitum (LP) or a low-protein diet plus
carbimazole, triiodothyronine and a-methyl-p-tyrosine (CA/MT), and in rats pair-fed with the CA/MT group on a low-protein diet (pair-fed)*

(Values are means for six rats with their pooled standard error)

ANOVA

Group... LP Pair-fed CA/MT SEM P
Initial body wt (g) 73 74 75 6 NS
Weight gain (g) 1.28 —1.28 15.0° 21 <0-001
Food consumption:

g/d)t 110 9.4 10-1 06 NS

(9/d per kg body wt®75) 785 667 654 4.3 NS
Plasma albumin (g/l) 24.2 25.8 262 0-6 NS
Plasma triiodothyronine (ng/l) 1.46° 1.39% 0-88° 0-05 <0-001
Plasma insulin (mU/) 13.9% 10.9% 23.8° 3.0 <0-03

2 Mean values within a row not sharing a common superscript letter were significantly different, P< 0-05 (ANOVA followed by the Newman—Keuls procedure).
*For details of diets and procedures, see Table 1 and pp. 456-457.
+Food intake is expressed as the average of daily measurements over 2 weeks.

Table 5. Liver and gastrocnemius variables in rats fed on a low-protein diet ad libitum (LP) or a low-protein diet plus carbimazole, triiodothyronine
and a-methyl-p-tyrosine (CA/MT), and in rats pair-fed with the CA/MT group on a low-protein diet (pair-fed)*

(Values are means for six rats with their pooled standard error)

ANQOVA
Group... LP Pair-fed CA/MT SEM P
Liver weight (g/kg body wt) 3862 49.0° 48.5° 1-6 0-003
Liver protein (mg/liver per kg body wt) 6713 6980 7540 212 NS
Gastrocnemius muscle (mg/kg body wt) 5660 5563 5660 135 NS
Gastrocnemius muscle protein (mg/muscle per kg body wt) 1213 1229 1280 37 NS

&P Mean values within a row not sharing a common superscript letter were significantly different, P < 0-05 (ANOVA followed by the Newman—Keuls procedure).
* For details of diets and procedures, see Table 1 and pp. 456—457.

Table 6. Weight and cytochrome oxidase activity of brown adipose tissue (BAT) and carcass composition of rats fed on a low-protein diet ad
libitum (LP) or a low-protein diet carbimazole, triiodothyronine and «-methyl-p-tyrosine (CA/MT), and in rats pair-fed with the CA/MT group on a
low-protein diet (pair-fed)*

(Values are means for six rats with their pooled standard error)

ANOVA

Group... LP Pair-fed CAMT SEM P
Interscapular BAT weight (mg/kg body wt) 5860 4850 5780 277 <0-001
BAT cytochrome oxidase (U/total BAT per kg body wt)t 4502 461® 277° 21 <0-001
Carcass composition:

body water (g/kg) 669° 6712 638° 7 001

body fat (g/kg) 86.7% 83.8% 129.0° 8.9 0-01

total body fat (g) 6-27° 6.08% 11.53° 093 0-005

22 Mean values within a row not sharing a common superscript letter were significantly different, P < 0-05 (ANOVA followed by the Newman—Keuls procedure).
* For details of diets and procedures, see Table 1 and pp. 456—457.
t U (units) are defined as pmoi reduced cytochrome ¢ oxidized/min per total interscapular BAT.

(Whitehead et al. 1977). Studies in developed countries
yield perhaps the clearest available evidence that a marked
deviation from adequate protein intake itself is the ultimate
determinant of human kwashiorkor, leading to severe
hypoproteinaemia, hypoalbuminaemia and oedema (Ros-
souw, 1989). Experimental evidence in animals has shown
that a low P:E ratio disrupts the usual response to dietary
energy deficiency and leads to hypoalbuminaemia and
eventually oedema (Lunn & Austin, 19834,b,c; Fiorotto et
al. 1987).

The mechanisms by which a low P:E ratio produces
hypoalbuminaemia have been partly elucidated in children.
Observations in Uganda, where kwashiorkor is the most
common form of protein—energy malnutrition, have been
contrasted with those in The Gambia, where marasmus is
more prevalent (Whitehead et al. 1977). After the first year
of life the P: E values of the diets of many Ugandan infants
were lower than those of Gambian infants, although energy
intakes were similar. Although the Ugandan children grew
faster than those in The Gambia, their plasma concentra-
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tions of albumin and cortisol were lower whereas plasma
insulin levels were higher. It seems possible, therefore, that
insulin plays an essential role in children pre-kwashiorkor
by promoting muscle preservation and consequently liver
depletion.

In the last 50 years, many experimental studies in rats
have attempted to reproduce the symptoms and features of
infant kwashiorkor. The results of such studies indicate that
rats and other animals offered diets of low protein content
voluntarily consume energy well in excess of their
requirements (Lunn & Austin, 19834,b; Sakuma er al.
1987) but are able to dissipate some of this surfeit by a rise
in diet-induced thermogenesis (Rothwell ef al. 1982), and a
concomitant increase in the activity of BAT and noradrena-
line turnover (Tyzbir et al. 1981; Rothwell er al. 1983;
Emery et al. 1983; Kenovian et al. 1984). On the other
hand, other studies have reported increases in body-fat
deposition in rats fed on low-protein diets (McCracken,
1975). While many studies have shown repeatedly that
consumption of protein-deficient diets by growing rats and
other animals causes elevations in circulating levels of
blood Ts, accompanied by decreases in blood levels of T,
(Tulp et al. 1979; Lunn & Austin, 1983b,c; Sawaya &
Lunn, 1985; Carew & Alster, 1997), others have failed to
show an elevation of T levels in these animals (Makawiti
et al. 1995). In a previous study we reported elevated
activity of both the thyroid-hormone-sensitive enzymes,
mitochondrial a-glycerol-3-phosphate dehydrogenase (EC
1.1.99.5) and a-glycerol-3-phosphate shuttle in the liver,
and also an increase in the oxidative capacity of BAT in
rats fed on a low-protein diet. These findings confirm a
higher physiological activity of T3 and noradrenaline in our
LP rats (Sawaya & Lunn, 1985).

The action of T3 in muscle and liver protein metabolism
is complex. Lunn & Austin (1983b,c) found a strong
inverse association between plasma albumin levels and
blood Tj; levels. Clinical and experimental hyperthyroidism
stimulates both protein synthesis and degradation in
muscle, usually with a net catabolic effect. Recently it
has been shown that both chronic and acute hyperthyroid-
ism in normally-fed animals lead to mobilization of muscle
N whereas amino-N in the liver is spared from irretrievable
conversion into urea (Grofte et al. 1997). On the other
hand, measurements of protein synthesis in protein-
deficient rats showed that the responses of muscle and
liver to dietary protein restriction differed (Emery er al.
1983). In liver the depressed protein synthesis was entirely
due to a fall in the synthetic activity of RNA, whereas RNA
content, but not activity, was the cause of depression of
protein synthesis in skeletal muscle, in comparison with
normally-fed rats. It is, therefore, difficult to evaluate the
actual effects of the specific increase in the level of T3 (but
not T,) in the blood of protein-deficient animals, found by
us and others, and why it is so closely associated with
plasma albumin levels. Although, as far as we know, the
reason for the elevation in T; levels is unclear, one possible
explanation could be that, in contrast to its catabolic effects
on muscle in normally-fed rats, the increased T3 and
noradrenaline activity may occur as a metabolic conse-
quence of excess carbohydrate intake, and could also act to
maintain skeletal muscle protein when dietary protein

intake is limited. Clearly, such a mechanism could generate
the inappropriate protein distribution and hypoalbuminae-
mia seen in hyperphagic, protein-deficient rats (Coward et
al. 1977, Lunn & Austin, 1983b,¢).

In the present study, we administered two drugs known
to lower T; levels and catacholamine activity and expected
to see changes in albumin levels. The administration of
either carbimazole or a-methyl-p-tyrosine alone to rats fed
on the low-protein diet did, in fact, result in a small rise in
plasma albumin concentration in relation to the non-drug-
treated LP group, however, the improvement was very
modest. BAT cytochrome ¢ oxidase activity was not
significantly different in rats administered either carbima-
zole or a-methyl-p-tyrosine separately from that in non-
drug-treated LP rats. Although we did not measure blood
T4 levels in carbimazole-treated rats, whatever its effect
was in BAT (a Ts-sensitive tissue), it did not affect
cytochrome c¢ oxidase activity when the results were
compared with those for the LP group.

The simultaneous blocking of thyroid and sympathetic
activity, on the other hand, proved to be the most effective
treatment for the inhibition of BAT, suggesting that a
reduction in the BAT oxidative rate had occurred. Although
the administration of both drugs simultaneously through the
diet did not significantly impair food intake, they were able
to reduce the rate of cytochrome c oxidase activity, and this
change was associated with promotion of body-weight gain
and with increased body fat. These results confirm that the
higher thyroid and sympathetic activities previously
observed in rats in response to a low-protein diet are
important to the elevation of BAT cytochrome oxidase
activity and the promotion of the thermogenic response in
these animals (Rothwell er al. 1983; Sawaya & Lunn,
1985). On the other hand, the lowering of thyroid and
sympathetic activity raised plasma insulin levels but did not
improve the albuminaemia significantly. Thus, the typical
kwashiokor-like dysadaption picture seen in rats fed on
low-protein diets, characterized by hepatic depletion (when
compared with controls, results not shown) and low plasma
albumin levels, still remained in spite of the decrease in
BAT oxidative rate after the present drug administration.
This indicates that other stimuli were still acting to
maintain the dysadapted state and hypoalbuminaemia. In
this sense, it is interesting that treatment with these drugs
raised plasma insulin values, as a result of the counter-
regulatory hormonal balance, promoting a marked increase
in body fat and muscle preservation. Therefore, the premise
that the same mechanisms which control energy expendi-
ture also result in abnormal N metabolism and dysadapta-
tion was not confirmed. Moreover, the present results seem
to indicate that the dysadaptation state is not dependent on
the way the organism deals with an excessive energy
supply, e.g. storing it as fat or increasing the rate of energy
expenditure. Instead, it is possible that the reason for the
unchanged hepatic depletion when the CA/MT group is
compared with the pair-fed group lies basically in the
control of insulin activity in these animals and conse-
quently in the regulation of muscle protein synthesis and
degradation.

Several studies have demonstrated the importance of
muscle as an organ in which protein metabolism is highly
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responsive to nutrient supply. Muscle has a key role in the
sequestration of dietary amino acids after a meal and this
mechanism is known to be heavily dependent on insulin
concentrations under normal conditions (Tischler, 1981).
Crowe & Royle (1988) found, in rats fed on a low-protein
diet (40 g/kg), low insulin and plasma glucose concentra-
tions, but increased insulin sensitivity, in these animals
when this group was compared with a pair-fed group
receiving 144 g protein/kg diet. These results also indicated
that it was the reduced protein : carbohydrate ratio rather
than the total energy consumed (which in this case was the
same) that caused the observed changes in glucose
metabolism. If such findings are correct, the overall effect
of the increase in insulin sensitivity in rats fed on the low-
protein diet could be enough to cause muscle mass
preservation and fat deposition. These factors would then
contribute substantially to the characteristic kwashiokor-
like symptoms observed in protein-deprived rats, with
insulin activity as a primary agent.

In summary, the present study disproves the initial
hypothesis which stated that the elevations in thyroid and
sympathetic activity were the main causes for liver
depletion and consequently hypoalbuminaemia in animals
fed on a low-protein diet. On the other hand, the rise in
plasma insulin concentration resulting from the reductions
in plasma T; level and sympathetic activity supports the
hypothesis, described for children with kwashickor (White-
head et al. 1977), that insulin activity is a primary key
factor in the persistence of the hypoalbuminaemia observed
in protein-deficient rats. Therefore, despite the increase in
energy dissipation observed in this, and our previous
studies, the mechanisms involved in the process seem to be
independent of those which cause liver amino acid
depletion and consequently hypoalbuminaemia.
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