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Ab:s tract. We have studied the hepatic mes-
senger RNA (mRNA) activity profile in chronically
azotemic rats and sought to determine whether the
observed changes could be mediated either by reduced
food intake or diminished thyroid function at the tissue
level. mRNA activity profiles were produced by two-
dimensional gel electrophoretic separation of radioac-
tively labeled products of an in vitro reticulocyte lysate
system which had been programmed by hepatic RNA.
Of the -240 translational products identified in this
system, seven sequences were consistently altered in
azotemia. In pair-fed animals six of these also decreased,
but the alterations in three were depressed to a signifi-
cantly lesser extent in the pair-fed group. Moreover,
analysis of covariance suggested that food intake could
account for the differences in only one sequence. The
possibility that the mRNA activity profile in azotemia
could represent the effects of diminished thyroid function
was minimized by the finding that the reductions in
plasma thyroxine (T4) and triiodothyronine (T3) levels
observed were due largely to reduced plasma protein
binding, with maintenance of the mean free T4 and free
T3 concentrations within the normal range. The changes
in only one mRNA sequence could be related to free
T3 levels alone. Our findings, therefore, indicate that
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although diminished food intake and reduced thyroid
function may contribute to some of the observed changes
in the mRNA activity profiles, the bulk of alterations in
azotemia appear to be mediated by other mechanisms.
The striking overlap between the sequences affected by
azotemia and pair-feeding raises the speculation that
altered gene expression in azotemia may reflect an
impaired hepatic response at the pretranslational level
to metabolic signals associated with food intake.

Introduction

Despite a voluminous literature dealing with hormonal and
nutritional factors in systemic disease, the precise mechanism
leading to the catabolic diathesis associated with such disorders
remains unclear. It occurred to us that important information
about these processes at the genomic level could be obtained
by examining the hepatic messenger RNA (mRNA) activity
profile. This technique involves the resolution by two-dimen-
sional gel electrophoresis of radioactively labeled products
translated in an in vitro system programmed by RNA from
the tissues of experimentally manipulated animals. Previous
studies in our laboratory had shown a high degree of specificity
in the hepatic mRNA activity profiles in hypothyroidism,
hyperthyroidism, high carbohydrate feeding, starvation, and
experimental diabetes (1-3). Thus, it appeared possible that
distinctive mRNA patterns might also characterize various
experimental models of systemic disease.

To test this possibility, we chose to study chronic azotemia
produced by subtotal nephrectomy in the rat. This model was
of special interest to us since the decreased food intake and
growth retardation that accompany it reflect similar phenomena
in the clinical uremic syndrome (4). Moreover, a recent report
by Lim et al. (5) indicates that the level of circulating triio-
dothyronine (T3)1 is reduced in the chronically partially ne-

1. Abbreviations used in this paper: a-GPD, alpha-glycerolphosphate
dehydrogenase; MCR, metabolic clearance rate; ME, malic enzyme;
N/P, nuclear/plasma; T3, triiodothyronine; T4, thyroxine.
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phrectomized rat, as has been observed in azotemic man (6).
This report also suggested that in the rat model the reduction
in circulating T3 leads to tissue hypothyroidism, as reflected
by reduced activities of hepatic alpha-glycerolphosphate de-
hydrogenase (a-GPD) and malic enzyme (ME). We therefore
set out to define the mRNA profile in azotemia. Furthermore,
we addressed ourselves to the specific question of whether or
not the changes in the mRNA activity profile produced in
azotemia could be explained either by a reduction in food
intake or by the development of tissue hypothyroidism.

Methods

Azotemia was established by two-stage subtotal nephrectomy in male
Sprague-Dawley rats (250 g body wt) by the method of Chanutin and
Ferris (7). The second stage of nephrectomy was performed 4 d after
the first stage. All animals were housed singly throughout the experiment.
Nephrectomized and control rats had access to Purina Rat Chow
(Ralston Purina Co., St. Louis, MO) ad lib. Each rat of the third
group, pair-fed controls, received a ration equal to that consumed by
its azotemic mate the previous day. Animals were killed 21 d after the
first stage of nephrectomy. Liver was frozen immediately at -800C
and plasma was removed and frozen at -20'C for further determina-
tions.

mRNA activity profiles were determined by a modification of the
technique previously described (1). Total hepatic RNA was extracted
in 8 M guanidine hydrochloride (8). 20 jig of total RNA was added in
vitro to a rabbit reticulocyte lysate system (Bethesda Research Labo-
ratories, Bethesda, MD) in the presence of [33S]methionine (Amersham
Corp., Arlington Heights, IL). The protocol recommended by the
supplier was followed with the exception that additional magnesium
chloride was not added to the reaction mixture. Two-dimensional gel
electrophoresis of the translated products (I X 106 trichloroacetic acid-
precipitable cpm per gel) was performed as originally described by
O'Farrell (9). Autoradiograms of the two-dimensional gels were prepared
and each spot was assigned an arbitrary reference number (see Fig. 1)
by the nomenclature of Seelig et al. (1). As detailed in Carr et al. (3),
gels were visually inspected to determine those spots that showed
consistent changes from one state to another on all gels. Such spots
were quantitated by computer-assisted videodensitometry (10). To
validate this procedure, Carr et al. (3) quantitated a group of spots
chosen by number from a random number table. None of these was
found to be significantly altered. In the present study, '30 spots
thought not to be altered after visual inspection were quantitated. No
significant treatment-related differences in mean values were observed.
Since equal amounts of radioactivity were applied to each gel, intensities
of individual autoradiographic spots represent the relative translational
activity of the corresponding hepatic mRNA sequence.

Activities of hepatic ME (11) and mitochondrial a-GPD (12), as
well as total protein (13), DNA (14), and RNA (15) were measured as
previously described. Plasma thyroxine (T4) was measured by radioim-
munoassay with a commercially available kit (Kallestad Laboratories,
Inc., Austin, TX), and plasma T3 concentrations were measured by
the method of Surks et al. (16). Serum blood urea nitrogen and
creatinine were determined by the clinical laboratory at the University
of Minnesota Hospitals using an automated method (Autoanalyzer).
The plasma dialysis fraction of T4 and T3 were determined as previously
described (17) at dilutions of 1:150 and 1:15, respectively.

Metabolic clearance rates (MCRs) of T3 and T4 were determined
by standard isotopic techniques (18). Trichloroacetic acid-precipitable

radioactivity in plasma was measured at 5 min and at 3, 6, 12, 18,
and 24 h after intravenous injection of tracer quantities (<5.0 ng) of
['25I]T3 or [1251]T4 (Abbott Laboratories, North Chicago, IL). The
disappearance curves were analyzed by the noncompartmental method
(19). Production rates were calculated from the product of the MCR
and the concentration of circulating hormone measured by radioim-
munoassay.

In order to estimate the T3 content of hepatic nuclear T3 receptors
in vivo, four animals from each experimental group were injected
intravenously with tracer quantities of ['I51]T3 with or without an
accompanying loading dose of nonradioactive T3 (10 Ag/100 g body
wt). Animals were killed 30 min later. The nuclear/plasma ratio was
determined as previously described with appropriate subtraction of the
nonspecific nuclear/plasma (N/P) ratio (20). The nuclear content of
T3 was estimated from the product of the specific N/P ratio and the
concentration of plasma T3.

Statistical evaluation of differences between groups was performed
by a one-way analysis of variance using the Newman-Kuels procedure
(21). The analysis of covariance (21), using hepatic nuclear T3 content,
plasma free T3 concentration, food intake, or combinations of these
variables as covariates, was applied to the logarithmically transformed
spot intensities [log. (spot intensity + 1)] to assess the possibility that
these variables could be determinants of spot intensity. The significance
of differences between mean group spot intensities after adjustment by
analysis of covariance was assigned by the two-tailed t test (21).

Results

The effects of experimental conditions on food intake and
growth are displayed in Fig. 2. After the second-stage nephrec-
tomy, the azotemic rats ate only 52% of the amount of food
consumed by the normal control rats. Weight gain ceased.
Likewise, equivalent restriction of food intake of unoperated
animals also led to a cessation of weight gain. In Table I are
summarized data from a separate series of studies in which
the effects of azotemia on hepatic composition were examined.
In this series, by day 21 there was not only cessation of growth
but some loss of body weight. The azotemic and pair-fed
control animals weighed 89 and 86% of their initial body
weights, respectively, whereas control animals fed ad lib.
averaged 129% of their starting value. 60% of the operated
animals died within 48 h of the second stage of nephrectomy,
but there were no deaths among the pair-fed control group.

At 21 d the liver weight of the azotemic and pair-fed
animals was also significantly lower than that of controls fed
ad lib. (Table I), presumably as a result of growth arrest. There
were no significant differences in the hepatic RNA/DNA ratio
or the protein/DNA ratio among the groups. The normal
hepatic RNA and protein content of the azotemic and pair-
fed control rats contrasts with the markedly reduced RNA and
protein content of livers of totally starved rats (2).

Plasma T3 levels were significantly (P < 0.05) depressed in
the azotemic animals to 69% of the control values, but were
unchanged in pair-fed rats (Table II). The plasma T4 concen-
tration in the azotemic and pair-fed animals fell significantly
(P < 0.05) to 47 and 77% of the comparable values in the ad
lib. fed controls, respectively. However, decreased plasma
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Figure 1. Representative autoradiographs prepared from two-dimen-
sional gel electrophoretograms of the in vitro translation products of
hepatic mRNA extracted from an individual ad lib.-feeding control
rat (A) and a chronically azotemic rat (B). Separation of proteins is
by decreasing molecular weight (top to bottom) and by isoelectric
point (acidic left, basic right). Circled spots were determined by
visual inspection of all gels to be consistently altered by experimental
manipulation. Videodensitometric analysis showed these to be signifi-

binding in the azotemic animals was apparent from the
increased dialysis fractions both for T3 and T4. Thus, in both
azotemic and pair-fed control groups, the mean free thyroid
hormone concentrations were not statistically different from
those of the ad lib.-fed control animals.

The subgroup of azotemic animals used in turnover studies
(Table III) demonstrated a similar reduction in circulating T4
and T3 concentrations, to 57 and 66% of control levels,
respectively. There was an increase in the MCR of each
hormone, which was sufficient to yield a daily production rate
for T3 and T4 not different from control values. The increase
in MCR is the expected consequence of the diminished plasma
protein binding of both T3 and T4.

It appeared possible, however, that hypothyroidism could

candy altered (P < 0.05) in azotemic and pair-fed groups. Although
other spots were observed to increase or decrease on individual gels,
they did not display consistent treatment-related changes. Nomencla-
ture is that of Seelig et al. (1) and is the same as that used in Table
IV. Pair-fed rats demonstrated alterations smaller than those observed
in azotemia for most spots. The individual azotemic rat represented
did not demonstrate a reduction in the activity of spot 20.

result from diminished nuclear T3 binding. Therefore, we
estimated the total nuclear T3 content from the product of the
plasma T3 and the isotopically determined hepatic nuclear/
plasma ratios in separate groups of four azotemic, pair-fed,
and ad lib.-fed controls. No differences were found between
ad lib.-fed and azotemic animals (Table II). It is curious that
the N/P T3 ratio in the food-restricted animals rose and yielded
a small but significant increase in the calculated nuclear T3
content. The levels of hepatic a-GPD activity in azotemic,
pair-fed, and control groups were indistinguishable from each
other. No difference was found between the levels of ME
activity in azotemnic and ad lib.-fed controls. Unexpectedly,
the pair-fed group showed a slight increase in ME activity.
The normal activities of these highly T3-responsive enzymes
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Table I. Effects ofAzotemia on Growth and Liver Composition

Control Pair fed Azotemic
(9) (18) (19)

BUN (mg/dl) 19±2.0* 13±0.5 85±9#§
Creatinine (mg/dl) 0.7±0.03 0.5±0.02 2.0±0.3t§
Final animal weight
(% of initia) 129±3 86±3t 89±4t

Liver weight (g) 11.4±0.2 6.1±0.4t 7.3±0.3t
DNA (mg/g liver) 2.8±0.2 3.4±0.2 3.3±0.1
RNA/DNA (mg/mg) 3.3±0.2 2.6±0.2 3.0±0.1
Protein (mg/mg DNA) 57±4 49±3 47±2

Azotemia and pair feeding were of 21 d duration. Numbers in parentheses indi-
cate number of animals studied. BUN, blood urea nitrogen.
* Mean±SEM. Rats were 8 wk old at the start of the experiment, and of com-
parable initial weight (253±4 g).
t Different from control, P < 0.05.
§ Different from pair fed, P < 0.05.
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Figure 2. Food intake and weight gain in azotemic and pair-fed rats.
(A) Mean daily food intake in azotemic (e) and ad lib.-fed control (i)
rats. Food consumption by pair-fed controls was identical to that of
the azotemic group. Data are from an experiment that included four
rats in each group. I indicates the time of /3 left nephrectomy, and II

shows the time of right nephrectomy in the azotemic group. (B)
Mean body weight of azotemic (9), pair-fed (o), and ad lib.-fed (n)
rats.

therefore are consistent with a euthyroidal state of hepatic
tissues in our azotemic preparation.

The hepatic mRNA activity profiles, however, revealed
striking and consistent changes in the pair-fed and azotemic
animals (Table IV). Of the -240 individual mRNA transla-
tional products apparent on the gels, attention was focused on
30 that appeared possibly to change upon visual assessment of
the autoradiographs. Videodensitometric quantitation of these
showed that the activities of seven fell significantly in the
azotemic as compared with the normal ad lib.-fed animals
(spots 3, 4, 8, 10, 15, 20, and 21) (Table IV). No products
were increased as a result of azotemia. The changes in pair-
fed animals bore a striking resemblance to those noted in
azotemia, with a reduction in six of the seven spots observed
to decrease in azotemia; only spot 4 failed to change significantly
in the pair-fed group. No unique changes were seen in pair-
fed rats. No significant alterations of any spots were observed
in a group of sham-operated controls (data not shown).

Of the six spots altered in both azotemic and pair-fed rats,

there was a significantly greater diminution in the azotemic
group for spots 10, 15, and 21. For example, spot 15 was
depressed to 3% of the control value in azotemic rats, in
contrast to the pair fed group, which exhibited only a 54%
reduction. These differences indicated that reduced food intake
could not completely explain the changes in the azotemic
group.

Although the mean free T3 concentrations in control and
azotemic animals did not differ significantly, -20% of the free
T3 values in the azotemic group were .2 SD below the mean
of the ad lib.-fed controls. We therefore examined the possibility
that the free T3 concentration could be the only determinant
of the intensity of individual spots by applying analysis of
covariance (21). In addition, we used this statistical approach
to assess the potential contributions of nuclear T3 and food
intake. The results demonstrated that although a significant
relationship between spot intensity and the nuclear T3 or free
T3 concentration was present, significant differences remained
among the groups for all spots except spot 3. Similarly,
adjustment for food intake did not correct for group differences
except for spot 8 (Table V). Analysis of the mean spot
intensities in relationship to the combined variables of nuclear
T3 content and food intake showed that significant differences
persisted among the groups for most of the spots.

Discussion

Our results clearly show that rats rendered azotemic by subtotal
nephrectomy demonstrate an abrupt cessation in the growth
of the total body and liver. Similarly, the unchanged hepatic
DNA concentration as compared with that of controls suggests
a cessation of hepatocellular replication. These changes pre-
sumably reflect the catabolic manifestations that are usually
associated with the azotemic syndrome. Of interest was the
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Table II. Thyroid Hormones and TrResponsive Hepatic Enzymes in Azotemia

Control Pair fed Azotemic

T3 (ng/ml) 0.80±0.06* (9) 0.72±0.04 (18) 0.55±0.05 (17)*§
DF3 X 101 9.5±0.2 8.7±0.2 11.6±0.41t§
FT3 X 104 (ng/ml) 6.7±0.3 5.2±0.2 5.6±0.6
T4 (ng/ml) 57±6 44±3t 27±3#§
DF4 X 102 6.5±0.3 (5) 6.0±0.04 (6) 9.7±0.4 (7)f§
FT4 (ng/ml) 2.00±0.17 (5) 1.73±0.12 (6) 1.86±0.04 (7)

a-GPD (OD/min per mg protein) 0.068±0.006 (11) 0.070±0.03 (14) 0.068±0.005 (16)
Malic enzyme (U/mg protein) 8.5±0.8 (12) 14.3±1.4 (14)t 8.5±0.8 (16)§

['25I]T3 (N/P) 0.461±0.020 (4) 0.643±0.054 (4)t 0.575±0.036 (4)§
Nuclear T3 (ng/mg DNA) 0.37±0.03 (9) 0.46±0.03 (18)t 0.32±0.03 (19)§

* Numbers in parentheses indicate number of animals studied. All data presented as mean±SEM. DF3 and DF4 indicate dialysis fractions for T3
and T4 at plasma dilutions of 1:15 and 1:150, respectively. ['25I]T3 (N/P) indicates the ratio of ['25I]T3 specifically bound to hepatic nuclei to the
[1251]T3 in plasma 30 min after tracer ['2JI]T3 injection. Nuclear T3 was estimated by multiplying this ratio by plasma T3. FT3 and Ff4, free T3
and T4, respectively. t Different from control, P < 0.05. § Different from pair fed, P < 0.05.

finding that animals pair fed with the azotemic group showed
precisely the same cessation in weight gain as that manifested
by the azotemic animals, and demonstrated a comparable
arrest in liver growth. These results are thus compatible with
the hypothesis that growth retardation in the azotemic animals
is mediated by a reduction in food intake. However, since it
is possible that the diminution in food intake is secondary to
a primary failure in the appropriate utilization of nutrients, a
causal relationship between diminished food intake and growth
retardation has not been established.

We have also examined the effect of azotemia on hepatic
genomic expression as determined by mRNA activity profiles.
Each spot visualized in such patterns is presumed to represent
the translational activity of one mRNA sequence. Since there

Table III. Thyroid Hormone Kinetics in Azotemic Rats

Control Pair fed Azotemic

Plasma T3
(ng/ml) 0.72±0.06* (5) 0.61±0.02 (6) 0.48±0.03 (6)*

MCR T3 (ml/100 g
bw per h) 16.2±3.2 17.2±1.2 23.6±2.2

PR T3 (ng/100 g
bw per d) 289±66 254±2 1 302±48

Plasma T4
(ng/ml) 50±5 44±3 28±4 (7)

MCR T4 (m/1 00 g
per h) 1.34±0.09 1.23±0.09 2.20±0.49t

PR T4 (ng/100 g
bw per d) 1600±215 1300±163 1420±355

bw, body weight; PR, production rate.
* Mean±SEM. Numbers in parentheses indicate number of animals studied.
* Different from control and pair fed, P < 0.05.

are - 10,000 expressed genes in the hepatic cell (22) and only
-240 spots are seen, it appears probable that the sequences
represented in the autoradiographs are the translational products
of mRNA's with multiple copies per cell. Though in many
instances translational activity has been shown to be propor-
tional to the mass of a specific mRNA this cannot be presumed
to be the case for each of the sequences studied.

Our results showed that azotemia is associated with a
statistically significant decrease in the activity of seven mRNA
sequences. Of these, the identity of only one, that of spot 15,
has been established. Seelig (personal communication) has
recently shown that this spot represents alpha2u-globulin, an

Table IV. mRNA Activity Profiles in Azotemia

Spot intensity (cpm/spot)

Spot no. Control (10) Pair fed (9) Azotemic (8)

3 557±136* 219±159* 169±46*
4 683±138 785±138 270±67t
8 1,116±150 536±69t 372±97t
10 1,587±144 435±73t 110±57*§
15 2,945±374 1,342±411t 96±59#§
20 3,858±720 1,367±152t 1,947±99t
21 375±79 172±26t 25±12#§

* Mean±SEM. Data represent videodensitometric intensities of all
autoradiographic spots found to be altered in either azotemic or pair-
fed rats. Spots are numbered as in Fig. 2. Numbers in parentheses
indicate number of animals studied.
t Different from control, P < 0.05.
§ Different from pair fed, P < 0.05.
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Table V. Analysis of Covariance between Spot Intensities,
Thyroidal Status, and Food Intake

Covanates

Spot NT3 FF3 Food NT3 and Food FT3 and Food

3 0.12* 0.10* NR 0.79* 0.17*
4 NR 0.02 NR NR NR
8 0.0009 0.01 0.22* 0.44* 0.10*
10 0.004 NR 0.009 0.11* 0.02
15 0.09 0.0007 0.002 0.05 0.01
20 NR NR NR NR NR
21 NR NR 0.01 NR NR

The probability of obtaining the observed differences among the ad-
justed group mean spot intensities by chance alone is presented for
each covariant. Asterisks indicate that no significant differences per-
sist after adjustment of group means, a finding compatible with a
causal relationship between the spot intensity and the covariates. Ab-
sence of asterisks indicates persistence of significant differences be-
tween means, a finding not suggestive of causal relationships. NR in-
dicates a lack of correlation between spot intensity and the covariate.
Spot intensities were subjected to log transformation [log. (spot in-
tensity + 1)]. N, nuclear. F, free.

exportable hepatic protein found in male rats, which is excreted
in the urine and is dependent on testosterone, growth hormone,
and cortisol for its synthesis (23). One of the mRNA sequences
(spot 4) fell only in azotemic animals whereas the remaining
six were reduced in pair-fed animals as well. Despite the
striking overlap in the sequences affected, the reduction in
food intake could not account for all of the changes observed.
Thus, three of the sequences were reduced to a significantly
greater extent in azotemic rats than in the pair-fed group.
Moreover, analysis of covariance established that only for one
spot, spot 8, could the differences between groups be accounted
for by food intake alone.

The possibility that the genomic alterations were due to a
lowering of circulating T3 was explored in view of previous
reports by Lim et al. suggesting that subtotal nephrectomy
results not only in a lower circulating T3 but also in diminished
activity of hepatic a-GPD and ME (5). These authors, therefore,
proposed that the nephrectomized animal was a potentially
useful model of the clinical "low T3 syndrome" that charac-
terizes many chronic illnesses in man (24).

Our results do not, however, support the concept that a
reduction in thyroid hormone function at the tissue level
accounts for the changes observed in mRNA activity profiles,
except perhaps for spot 3. Most important was the finding
that despite a 32% reduction in the total T3 level the mean
concentration of free T3 in the azotemic rats did not differ
significantly from that in normal animals, owing largely to a

decrease in the plasma binding of T3. Moreover, there was no
significant reduction in the level of nuclear T3.

Although the difference in the mean free T3 concentration
between azotemic and normal animals was not statistically
significant, 20% of azotemic rats did exhibit a subnormal free
T3 concentration. Therefore, we investigated the potential
relationship of free T3 and nuclear T3 with the intensity of
specific mRNA translational products by an analysis of co-
variance. This analysis showed that only one sequence (spot
3) revealed a significant relationship between spot intensity
and the level of free T3 or nuclear T3 alone.

Group-related differences were more effectively excluded
by the use of nuclear T3 and food intake as combined
covariates for spots 3, 8, and 10. However, it appears highly
unlikely that thyroid hormone alone acts as a major determinant
of the observed changes in azotemia, especially in view of our
finding of nonsignificant differences between the levels of
hepatic a-GPD and ME, two exceedingly T3-sensitive enzymes.

Our studies also cast considerable doubt on the general
suitability of the azotemic animal as a model of low T3
syndrome in man. Thus, in man there is a clear decrease in
the concentration of T3, which is not primarily determined by
a decrease in plasma protein binding (6). In addition, the net
production rate of T3 in azotemic man is decreased whereas
in our model it remains unchanged. Since in other studies we
have shown that in the normal rat the bulk of circulating T3
is derived from the peripheral conversion of T4 (Kinlaw,
W. B., H. L. Schwartz, and J. H. Oppenheimer, unpublished
observations) it appears highly unlikely that the 3-wk azotemic
animal exhibits any evidence of diminished peripheral T4 to
T3 conversion, a hallmark of the clinical syndrome.

The discrepancy between our findings and those of Lim et
al. (5) may be related to the fact that these investigators made
most of their observations 6 wk after nephrectomy, rather
than after the 3-wk period we used. Contrary to our results,
Lim et al. reported diminished levels of hepatic a-GPD activity
and a lowered free T3 index as determined by resin assay.
Thus, it appears possible that a prolonged period of experi-
mental azotemia may produce tissue hypothyroidism. Nev-
ertheless, these authors did show a decrease in a-GPD at 4
wk, when the total T3 was still not different from normal.

The results of the present set of experiments should also
be compared with previously published reports from our group
dealing with the genomic effect of 5 d of complete starvation
and the effect of total thyroidectomy (2). In those states, more
affected mRNA sequences were reported than in the present
studies with azotemic and pair-fed animals. The activity of
eight mRNA's fell in hypothyroidism whereas seven showed
an increase. In starvation, nine mRNA sequences decreased
and six increased. Remarkably, however, almost all of the
mRNA sequences that decreased in azotemia were also reduced
in 5-d starvation and hypothyroidism. The larger number of
changing mRNA sequences after 5-d starvation suggests that
this stimulus is more potent than those represented either by

1939 Messenger Ribonucleic Acid in Azotemic Rats



3 wk of pair-feeding or by azotemia. This conclusion appears
reasonable because normal rats cannot survive for more than
6 to 7 d of total starvation. The animal starved for 5 d can
therefore be considered to be preterminal.

Although our data indicate that the genomic effects of
azotemia cannot be attributed exclusively to diminished food
intake, the finding that six of the seven sequences reduced by
azotemia are also reduced by pair feeding animals is intriguing.
A possible explanation is that azotemia is characterized by a
reduction in nutrient use. This could result in mRNA activity
changes similar to those observed after simple food deprivation.
Perhaps such a reduction in nutrient use could be mediated
in part by the well-documented resistance to both insulin (25)
and growth hormone (26) in the azotemic state. The observation
of profoundly lowered levels of a newly described growth
hormone-dependent plasma protein of hepatic origin in sera
of our azotemic rats by Berry and Seelig (personal communi-
cation) provides additional evidence of an impaired hepatic
response to growth hormone in this model.

It appears possible that the mRNA activity profile of the
azotemic animal may be characteristic of other examples of
systemic catabolic disease. The adaptive value of the decrease
in specific mRNA sequences observed, however, remains spec-
ulative. We have previously proposed that starvation is asso-
ciated with a selective decrease in the level of specific mRNA's
coding for proteins which do not play an essential role in life-
preserving processes (2). This could result in fuel and energy
conservation. A similar explanation could be advanced for the
changes in azotemia and catabolic disease in general. The
finding that the mRNA for alpha2u-globulin (spot 15) decreases
to 3% of its control value in azotemia would be in accord with
this hypothesis. Alpia2u-globulin is present only in male rats
and is presumed to subserve a reproductive function in this
sex. This might qualify the protein as optional under the
circumstances. In this context, cessation of growth could also
be considered an adaptive phenomenon. Both the failure of
the animal to grow and the fall in alpha2u-globulin, which is
highly sensitive to growth hormone (23) could be due to the
development of growth hormone resistance in the azote-
mic rat.
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