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Extract

The relation between changes in oxygen consumption (VO2) (in milliliters per kilo-
gram and minute) and changes in levels of free fatty acids (FFA) and glycerol in
plasma, lactate, pyruvate, and glucose levels in blood, and skin and rectal tempera-
tures following norepinephrine or epinephrine infusions has been studied in neonatal
piglets who lack brown fat and rapidly increase their body fat content after birth. Four-
teen animals, age 17 hr-13 days (Table L4), each received two 25-min infusions of 2.0
/ig/kg-min of norepinephrine (see Fig. 3); nicotinic acid (50 mg/kg) was administered
prior to the second infusion. Five animals, age 5 hr-11 days (Table IB), each received
two infusions of 0.2-4.0 /ug/kg-min of epinephrine (Fig. 5).

The elevated levels of glucose in blood, and FFA and glycerol concentrations in
plasma observed following norepinephrine infusions correlated with postnatal age and
body weight, suggesting that the magnitude of the norepinephrine-induced lipid mo-
bilization was dependent upon body fat content. There was no definite tendency for
VO2 responses to norepinephrine to increase with increasing postnatal age (Table L4).
The increases in glycerol levels (Fig. 2) and FFA (Fig. 1) concentrations occurring
after norepinephrine stimulation were suppressible by nicotinic acid.

The increases in VO2 occurring after norepinephrine infusion (Table \A) were
small (mean of 0.85 and 0.57 ml/kg-min during infusion prior to and following nico-
tinic acid administration, respectively) and variable and did not appear to be accen-
tuated by previous starvation for 48 hr; they were related neither to elevations of any
of the biochemical variables monitored nor to the small increases in skin and rectal
temperatures observed. The changes in VO2 after epinephrine infusions (Table IB)
were quantitatively similar to those recorded during norepinephrine infusions and
were not correlated to changes in concentrations of glucose, plasma FFA or glycerol
(Fig. 5).

Speculation

The findings in the piglet, of small increases in VO2 after norepinephrine infusion and
the lack of a significant lowering of VO2 response when norepinephrine challenge was
preceded by nicotinic acid administration, contrast with those observed in adults of
other species studied and preliminary results found in older piglets. It is therefore sug-
gested that the newborn piglet has a relative inability to increase oxidation of norepi-
nephrine-mobilized FFA and that this may improve with increasing postnatal age.
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Introduction

The calorigenic effect of norepinephrinc in the neonatal
period has received increasing attention since the recog-
nition of an association between sympathetic amines and
the thermogenic response of the newborn. In certain
species, such as the rabbit and guinea pig, the major por-
tion of either cold-induced or norepinephrine-induced
calorigenesis can be attributed to the effects of norepi-
nephrine on brown adipose tissue [7, 27]. In older in-
dividuals of other species, however, it has been proposed
that at least a portion of this response to norepinephrine
can be attributed to oxidative utilization of free fatty
acids mobilized from white adipose tissue [10, 15, 28].

In the newborn human infant, cold exposure results in
an increased excretion of catecholamines [23, 24], and
norepinephrine infusion to infants studied in the thermo-
neutral zone effects an increase in oxygen consumption
and body temperature [16, 24]. The relative importance
of possible mechanisms involved in calorigenesis in the
newborn human, however, remains to be defined. Fur-
thermore, since the newborn human is born with both
white and brown adipose tissue, the differentiation of
their relative roles in this response to catecholamines is
indeed difficult.

Newborn piglets lack brown fat at birth [8] and rapidly
increase their body stores of fat, and therefore presum-
ably white adipose tissue, after birth [17]. Thus, they are
an excellent experimental animal in which to study the
relations among body fat content, postnatal age, and
catecholamine-induced lipolysis and calorigenesis. Nico-
tinic acid was used in some of the experiments to clarify
these relations further. This drug is known to inhibit nor-
epinephrine-induced lipolysis [4]. In addition, a compari-
son has been made between epinephrine- and norepi-
nephrine-induced calorigenesis.

Materials and Methods

A total of 19 piglets, 5 hr-13 days of age, from 5 Swedish
Landrace sows were studied. Their deliveries and gesta-
tional periods were normal. With the exception of two
animals who were starved for 48 hr, all were allowed to
suckle at will until 3-4 hr prior to the investigation. They
were then removed from the sow and kept in tempera-
ture-controlled individual pens [1]. The weights of all
piglets when studied were, except for the two starved
animals, within the normal range of values for Swedish
Landrace piglets of comparable ages at our department.

Determination of Oxygen Consumption and Temperature

Oxygen consumption rate was measured under care-
fully controlled environmental conditions in a closed

circuit apparatus where VO2 was registered as the vol-
ume change after absorption of carbon dioxide [13]. The
decrease in volume was continuously compensated for by
feeding oxygen into the system via a "float" mechanism
sensitive to volume changes within the system. The VO2
was determined by measuring the time needed to empty
the float; this ranged from approximately 1 to 5 min, de-
pending upon the size of the animals and the preset
emptying volume (usually 45-65 ml). The mean value
(time per volume) from at least five emptyings of the
float was calculated and transformed into VO2. All vol-
umes were expressed at standard temperature and pres-
sure (STPD). For a piglet in steady state, the varia-
tion in VO2 (in milliliters per kilogram and minute)
measured over a 5-min period was ±1.0%. Tempera-
ture gradients in the empty chamber were small (maxi-
mum of 0.4°), and, during operation, temperature varia-
tions at different sites were not measurable. The relative
humidity was kept constant during each observation; it
varied between experiments from 25 to 35 %.

Temperatures were measured by thermocouples and
continuously recorded on a strip chart recorder [29].
They included rectal temperature (probe inserted at
least 5 cm), skin temperature (measured 2 cm below the
umbilicus in the midline), and wet and dry temperatures
of the air entering the chamber. The environmental tem-
perature reported is that of the dry bulb.

Most animals remained calm and relatively immobile
in the experimental chamber; however, some demon-
strated periods of excessive motor activity both spontane-
ously and after catecholamine infusions. These periods
were characterized by intermittent short bursts of jerky
straining movements. Care was taken to exclude, as far
as possible, these periods from the results.

Chemical Methods

Free fatty acid and glycerol levels in plasma, and
glucose concentrations in blood were determined accord-
ing to previously described methods [1]. Levels of lactate
and pyruvate were determined by a modified enzymatic
method [25], /3-Hydroxybutyrate was determined by an
enzymatic micromethod [20]. Methodological errors for
FFA, glycerol, glucose, lactate, pyruvate, and /3-hydroxy-
butyrate were below 5 %.

Procedure

Before the animals were placed in the experimental
chamber, they were weighed and tied in supine position
on a Perspex tray, a catheter was inserted into each inter-
nal jugular vein under local anaesthesia, lidocaine, 0.5%
[30], and thermocouples were secured in place. Thev
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were studied at an environmental temperature within
their thermoneutral zone [11]. After a satisfactory inter-
val within the chamber to effect steady-state conditions
(30-35 min), continuous monitoring of oxygen consump-
tion and temperatures was begun, and initial blood sam-
ples were drawn. All intravenous infusions were given at
a rate of 6 ml/hr with a continuous infusion apparatus
[31]. Sodium chloride solution (0.15 M) was administered
before and after catecholamine infusions.

Blood Collection

Blood samples (1.2-1.5 ml/sample) were drawn from
the jugular catheter not used for infusions. No heparin
was administered. Blood was transferred into heparinized
tubes, and aliquots were immediately dcproteinizcd;
portions were also taken for hematocrit determinations.
The remaining blood was kept at +4° until centrifuga-
tion. Plasma was then stored at —20° for subsequent
analyses of FFA, glycerol, and /3-hydroxybutyrate.

Experimental Protocols

Fourteen piglets (Table L4) received 2.0 ̂ g/kg-min of
norepinephrine [32] intravenously (dose in units of base)
during two 25-min infusion periods with a 60-min inter-
val intervening. A total of 50 mg/kg of nicotinic acid [33]
was administered intravenously in five divided bolus
doses at 30, 20, 10, 5, and 2 min preceding the second
norepinephrine infusion (Fig. 3).

Five piglets (Table IB) received infusions of epineph-
rine [34]. The protocol (Fig. 5) was similar in time se-
quence to that of the previous 14 animals, but no nico-
tinic acid was given.

Results

Norepinephrine Infusions

The data for birth weight, age and weight at test, and
skin and rectal and environmental temperatures for the
14 animals given 2.0 jug/kg-min norepinephrine before
and after nicotinic acid administration are given in
Table I A.

The individual data for VO2 (Table \A) and biochem-
ical variables (Tables WA and 115) are presented for the
following four experimental periods: control (BASAL),
first norepinephrine infusion (NE I), nicotinic acid ad-
ministration (NIAC), and the norepinephrine infusion
following nicotinic acid administration (NE II). The
values for VO2 given in Table \A represent the means of
the individual calculations for any particular period.
This method of expressing VO2 was chosen because there
were no consistent temporal patterns of changes in VO2
for the animals during stimulation periods allowing
meaningful comparisons of "peak" VO2. The values
given for the biochemical variables in the BASAL and
NIAG periods in Tables II/l and 1\B represent the means
of the last two determinations in each period (individual

Table 1A. Oxygen consumption of piglets under various experimental conditions

Pig no.

1
2
3
4
5
6
7
8
9

10
11
12
13
14

Birth
wt, kg

1.40
1.60
1.51
1.22
1.48
1.26
2.00
1.03
2.00
1.79
1.38
0.82
1.24
1.13

Weight at
test, kg

1.40
1.68
1.72
1.83
1.92
2.14
2.10
1.90
2.31
2.55
3.54
1.77
3.44
3.15

Age at
test, days

I y

i 9U
2 M
ili
5
5
5
6
7
8
8

10
10
13

TE>

34.5
34.0
32.8
31.9
29.5
27.1
27.7
26.7
27.3
27.3
25.0
28.5
25.5
26.5

38.0
39.8
40.0
39.8
39.1
39.0
37.3

39.2
39.7

40.0
39.5

BASAL

W

38.0
39.8
40.0
39.4

39.0
37.4

37.8
38.3
38.9

39.0
39.4

Experimental periods1

<-o,.

6.9
13.6
14.5
16.2
16.4
18.4
10.9
20.2
10.7
15.2
17.9

18.5
14.9

NEI

7.3
14.8
16.7
16.4
16.7
18.0
10.8
20.6
11.8
16.3
19.4

19.9
16.7

iNIAC

VOi>

7.0
13.7
14.5
16.3
15.3
17.5
9.9

20.7
10.8
14.5
19.5

17.9
15.2

NE II

6.9
14.0
15.6
16.9
15.4
19.3
10.2
20.3
11.8
17.4
18.2

17.9
16.3

1 See experimental protocols in Methods for definition of dosages and periods.
2 Environmental, rectal, and skin temperatures in degrees centigrade; TE, TR, and Ts, respectively, during the BASAL (control)
period.
3 Oxygen consumption is expressed as VO2 in ml/kg-min STPD.
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Table IB. Oxygen consumption data for piglets given infusions of epinephrine

Pig no.

15
16
17
18
19

Birth
wt, kg

1.25
1.72
1.68
—.

1.51

Animal data

Weight at
test, kg

1.25
2.98
3.03
1.98
3.51

Age at
test, days

%4.
8
8
8

11

T E

34.5
27.2
26.8
27.5
25.6

T R

38.6
38.8
39.7
39.7
38.6

BASAL I

Ts

38.5
39.1
39.6
39.3
37.9

VOi

7.7
14.0
16.1
18.1
13.7

Experimental periods'

E l

8.7
15.2
16.5
20.7
13.7

BASAL II

tfOi

8 . 8

14.0
15.8
19.0
14.3

E II

8.1
15.2
16.4
19.3
14.2

Dose,'
pg/kg-min

2.0/4.0
0.2/1.0
0.4/0.4
2.0/2.0
0.8/0.8

1 See text for definition of periods. Descriptive data and VOj expressed as in Table \A. Control periods, BASAL I and BASAL II>
precede the respective epinephrine infusion periods E I and E II.
i Epinephrine doses administered in E I and E II.

Table IIA. Biochemical data

Pig
no.

1
2
3
4
5
6
7
8
9

10
11
12
13
14

FFA"

mmole:

0.14
0.26
0.18
0.34
0.29
0.33
0.17
0.33
0.15
0.27
0.34
0.27
0.30
0.34

BASAL

Gly"

i/liter

0.042
0.101
0.046
0.078
0.121

0.031

0.021
0.078

0.123
0.126

Glu,"
mg/100

ml

37
68
67
74
74
83
82
84
83
68

106
107
96

Htc,
%

35
31
23
19
27
31
21
27
33
31
37
33
17
14

FFA

NE

Gly

mmoles/liter

0.17
0.39
0.33
0.70
0.52
1.16
0.78
1.21
1.06
0.72
1.40
0.88
1.37
1.22

0.063
0.174
0.063
0.222
0.250

0.088

0.131
0.215

0.274
0.332

Experimental periods1

I

Glu,
mg/100

ml

56
100
83

127
133
112
139
133
146
127

188
217
180

Htc,

%

37
31
25
22
29
32
23
27
36
32
38
32
17
14

FFA

NIAC

Gly

mmoles/liter

0.14
0.09
0.14
0.16
0.19
0.15
0.11
0.18
0.16
0.19
0.28
0.18
0.22
0.14

0.023
0.041
0.012
0.083
0.081

0.035

0.020
0.047

0.094
0.081

Glu,
mg/100

ml

51
72
76
94
95
71

150
95

133
77

137
142
99

Htc,

°

34
27
19
19
22
29
19
26
32
29
36
30
15
13

FFA

NE

Gly

mmoles/liter

0.12
0.11
0.14
0.25
0.42
0.60
0.23
0.73
0.22
0.20
0.43
0.31
0.44
0.25

0.025
0.047
0.035
0.115
0.222

0.042

0.042
0.002

0.137
0.120

II

Glu,
mg/100

ml

74
87

108
90

143
244
205
148
192
119

182
206
159

Htc,
%

35
30
21
19
26
29
21
26
35
30
37
31
15
13

See text for definition of periods and abbreviations
FFA: free fatty acids; Gly: glycerol; Glu: glucose.

Table IIB. Biochemical data

Pig no.

1
2
3
4
5
7
9

10
13
14

La»

2.10
2.17
1.40
1.05
0.50

2.16
0.78
6.09
4.48

BASAL

mmoles/liter

0.201
0.133
0.112
0.102
0.153

0.082
0.496
0.353

/3-HBA'

0
0

0.084
0.078
0.031
0.050
0.060

La

2.72
2.94
2.69
1.79
1.34

2.50
1.41
6.82
4.62

Experimental periods1

N E I

Py p-IIBA

mmoles/liter

0.235
0.137
0.169
0.175
0.182

0.166
0.449
0.369

0
0

0.084
0.131
0.040
0.054
0.055

La

2.01
2.92
1.93
1.69
1.31

2.30
1.43
6.26
5.03

NIAC

Py

mmoles/liter

0.250
0.137
0.141
0.233
0.189

0.177
0.577
0.461

3-HBA

0
0

0.058
0.055

0
0.040
0.028

La

2.41
2.81
3.05
2.76
1.63

3.42
3.02
6.82
6.67

NE II

Py

mmoles/liter

0.240
0.153
0.212
0.122
0.154

0.182
0.502
0.591

0-

0
0

0
0

HBA

0
0

.052

.054
0

.043

.032

1 See text for definition of periods and abbreviations.
J L a : lactate; py; pyruvate; 0-HBA: D-|8-hydroxybutyrate.
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sampling times can be seen in Fig. 1); those given for
NE I and NE II represent the peak values observed.

For each of the variables measured, a comparison has
been made between the responses observed in NE I and

NE II (Table III). These comparisons have been made
between increment increases of BASAL to NE I with
increment increases of NIAC to NE II since administra-
tion of nieotinie acid resulted in significant changes in all

1.4

1.2

1.0

0.4

0.2

0

NICOTINIC ACID '« NOREPIKEPHRINE

-20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
MINUTES

Fig. 1. Changes in free fatty acid (FFA) concentrations in plasma in 14 piglets receiving norepinephrine infusions (2.0 /ug/kg-min)
before and after five bolus intravenous injections of nieotinie acid (total of 50 mg/kg). Values for individual animals can be obtained by ref-
erence to Table HA.
Table 111. Incremental changes in biochemical variables and oxygen consumption data1

Experimental periods

Variables measured
BASAL - . NIAC BASAL -» NE I NIAC - NE II

(NIAC -NE II)

(BASAL -> NE I)

FFA, mmoles/ml
Glycerol, mmoles/ml
Glucose, mg/100 ml
Lactate, mmoles/liter
Pyruvate, mmoles/liter
(3-Hydroxybutyrate,

mmoles/liter
Hematocrit, %
VO2, ml/kg/min
VO2) % change

-0.10 ± O.O22***3

-0.025 ± 0.007**
20 ± 6**

0.46 ± 0.10**
0.067 ± 0.015**

-0.024 ± 0.004***
-2 .1 ± 0.4***

-0.11 ± 0.20
-0 .9 ± 1.3

0.59 ± 0.10***
0.105 ± 0.019***

55 ± 7***
0.68 ± 0.11***

0.031 ± 0.014

0.008 ± 0.007
1.2 ± 0.3**

0.85 ± 0.27**
6.0 ± 1.4**

0.15 ± 0.04**
0.034 ± 0.013*

51 ± 11***
0.06 ± 0.20**

0.010 ± 0.023

0 ± 0.002
1.0 ± 0.4*

0.57 ± 0.29
4.1 ± 1.8*

0.43 ± 0.08***
0.080 ± 0.021**

4 ± 14
-0.18 ± 0.26
0.021 ± 0.024

0.008 ± 0.007
0.2 ± 0.4

0.28 ± 0.36
1.8 ± 2.2

1 Increment changes, i.e., period x —» period y, were calculated as value (period y) minus value (period x). See text for experimental
periods and abbreviations.
2 Mean ± SEM.
'*: P > 0.05, **: P > 0.01, ••*: P > 0.001.
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biochemical variables measured, when compared with
BASAL values (Table III). The statistical results were
determined by paired comparison t test analyses. The re-
sults for VO2 have also been expressed as percentage in-
crease, i.e., the increment increase expressed as percent-
age of the preinfusion value.

The mean increases in VO2 during both norepineph-
rine infusion periods were notably small (Table III).
There was no significant difference between the VO2

responses in NE I and NE II, even though the increases
in BASAL -» NE I (mean of 0.85 ml/kg-min, or 6.0%)
were slightly greater than those in NIAC —» NE II
(mean of 0.57 ml/kg-min, or 4.1 %). This was true even
if the mean increases of BASAL —» NE I and BASAL —>
NE II were compared. The mean increases of BASAL —>
NE I were significant (P < 0.01). During nicotinic acid
administration, a mean decrease in VO2 of 0.11 ml/kg •
min (0.9 %) from BASAL values was observed.

The BASAL VO2 values, which varied from 6.9 to
20.2 ml/kg-min did not show any definite tendency to in-
crease with age after day 2 of life and were lower in the
two animals (nos. 7 and 9) starved for 48 hr before test-
ing. During NE I and NE II, one of the starved animals
responded with increases and the other with decreases in

Vo2.
A correlation between age and increment changes in

VO2 was not found during NE II ; during NE I one was
found only if the animals over 4 days of age were con-
sidered (r = 0.92, P < 0.001). Since the three youngest
animals had increases comparable to animals over 4 days
of age, however, no significant correlation existed for the
whole group (r = 0.35, P > 0.05).

Slight rises in both skin and rectal temperatures oc-
curred during NE I and persisted throughout the remain-
ing study periods (mean increases of 0.1°). There were no
significant differences between the increment changes in
temperature occurring in any of the three study periods
(NE I, NIAC, and NE II), and no correlations between
changes in VO2 with changes of either rectal or skin tem-
peratures were found.

During both norepinephrinc infusion periods, signifi-
cant increment increases in FFA and glycerol concentra-
tions in plasma, and glucose and lactate concentrations
in blood were observed (Table III). Pyruvate concentra-
tions also rose after norepinephrine administration, but
in neither of the two periods were the changes significant.
Comparing NE I and NE II, the prior administration of
nicotinic acid resulted in significantly lower increases in
levels of FFA and glycerol, similar elevations in hemato-
crit and glucose responses, an insignificant increased ele-

vation of lactate concentrations, and an insignificant de-
creased elevation of pyruvate concentrations.

18-Hydroxybutyrate concentrations were very low
throughout the period of observation in the seven animals
studied. No significant changes occurred during norepi-
nephrine infusions.

The individual patterns of changes in FFA and glycerol
concentrations are depicted in Figures 1 and 2, respec-
tively. When an increase in FFA concentration during
NE I occurred, it was progressive and reached a peak at
25 min when norepinephrine infusion was discontinued.
A similar response pattern for glycerol concentrations is
shown in Figure 2. Changes in concentrations of FFA and
glycerol in individual animals were similar: significant
correlations between their peak values in NE I and NE II
were found (r = 0.61, P < 0.02 and r = 0.80, P < 0.01,
respectively). During NE I, the changes in concentra-
tions of FFA and glycerol and glucose were correlated
with the age of the piglet (r = 0.7, P < 0.01; r = 0.86,
P < 0.01; r = 0.87, P < 0.001, respectively), and
changes in FFA concentration were also positively corre-
lated with changes in levels of glucose concentration
(r = 0.67, P < 0.02).

Changes in concentrations of FFA and glycerol and
glucose occurring during both NE I and NE II, however,
were not correlated with cither percentage or incremental
changes in VO2. This is well illustrated by the data of four
piglets depicted in Figures 3 and 4. The results from two
animals, 2.5 and 13 days old, who had similar increases
in VO2 are shown in Figure 3; and the results from two,
17 hr and 5 days of age, illustrating an absence of or only
very small increases in VO2 during both NE I and NE II,
are shown in Figure 4. Increases in VO2 occurred in the
absence of elevations of FFA and glycerol concentrations
during both NE I and NE II (Fig. 3). A similar lack of
relation between VO2 changes and norepinephrine-in-
duccd elevations of lactate, pyruvate, and glucose con-
centrations is also evident in the figures. During NE II,
but not during NE I, there was a correlation between
changes in VO2 and changes in lactate concentrations
(r = 0.75, P < 0.02 and r = 0.76, P < 0.02 for per-
centage and incremental changes in VO2, respectively).

Epinephrine Infusions

The data for birth weight, age and weight at test,
skin and rectal and environmental temperatures, values
for VO2, and doses of epinephrine administered to five
animals in the two epinephrine infusion periods (E I
and E II) are given in Table IB. The increases in VO2
observed during E I (range of 0-14% or 0-2.6 ml/kg-
min) were of the same magnitude as those seen after
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0.35

0.30

~i 1 1 1 1 r

;« NOREPINEPHRINE »•

A

1 1 1 1 1
NICOTINIC ACID * NOREPJNEPHRIKE •

T r

-20 -10 0 10 20 30 40 50 60 70 80 90 100 110
MINUTES

140 150

Fig. 2. Changes in glycerol concentrations in plasma in 10 of the 14 animals depicted in Figure 1. Values for individual animals can be ob-
tained by reference to Table HA.

norepinephrine infusion. The increases in VO2 during
E II were smaller than during E I, even though some of
the animals had received a greater dose of cpincphrine
during E I. Changes in rectal temperatures were small
with a range of 0 - +0.5°.

The changes in VO2, rectal temperatures, and con-
centrations of FFA and glycerol, and glucose and lactate
for three animals given epincphrine are shown in Figure
5. The piglet receiving 2.0 /ig/kg-min had a greater in-
crease in glycerol and lactate concentrations than the
animals receiving smaller doses of cpinephrine, but the
elevation of FFA concentration was similar to that of the
animal receiving 0.8 ^g/kg-min of cpinephrine. The
changes in glucose concentrations were similar at all
three doses of cpinephrine. There were no consistent
relations between increases in VO2 and increases in
concentrations of FFA and glyccrol or glucose.

Discussion

The results presented are in agreement with previously
reported minimal calorigenic responses to norepineph-
rine in neonatal piglets [18] and miniature piglets [2].
The changes in VO2 observed were not as distinctly
age-related as had been reported earlier for piglets of
similar ages [18]. No consistent relations were demonstra-
ble between the minimal increases in skin and rectal
temperatures and the changes in VO2) unlike those seen
in other species in which the VO2 response to norepi-
nephrine was more pronounced [7, 16].

Starvation leads to a decrease in basal VO2 [12], and
during the first few days of postnatal life basal VO2 rises
in fed piglets [11]. Thus the variability in "BASAL"
\;C>2 values in the animals studied can to some extent be
accounted for by differences in age and feeding status.
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-60 -40 -20 20 40 60 80 100 120 140 160
MINUTES

Fig. 3. Changes in biochemical variables in two piglets responding to norepinephrine infusions with similar increases in VO2 rate. For protocol
see Figure 1 and text. O -O'.pig no. 3, 2.5 days of age; # •:/"'.? no. 14, 13 days of age.

In the five animals infused with epinephrine the mag-
nitude of the calorigenic responses was similar to that
seen with comparable doses of norepinephrine. Thus we
could not confirm the previous finding in piglets of a
relatively greater calorigenic effect of epinephrine as
compared with norepinephrine in this age period [18].

The lack of a relation between changes in \^O2 and
hyperglycemia following both norepinephrine and epi-
nephrine infusions is consistent with the results of
studies in newborns of other species [9, 26]. The eleva-
tions of glucose concentrations following norepinephrine
infusion increased with increasing postnatal age and were
well correlated with the increases in FFA concentrations.
This observation, although consistent with the concept
of interference of carbohydrate utilization by elevated
levels of FFA [21], probably reflects an age-related
change in response since similar elevations of glucose
concentrations were observed after FFA mobilization
had been suppressed by previous administration of
nicotinic acid.

Although it has been suggested that part of the calori-
genic response to norepinephrine can be directly attribu-
ted to the effects of elevations of lactate [9], this relation
was not demonstrable when norepinephrine alone was
infused. During NE I, elevations of lactate concentra-
tions were not correlated with changes in VO2; during
NE II, however, a significant correlation was obtained.
Whether this was related to elevated "BASAL" lactate
concentrations during NIAC, to the effects of nicotinic
acid on glucose metabolism, or to the effects of inhibition
of FFA mobilization remains to be defined.

The increases in hematocrit following both norepineph-
rine stimulation periods can be explained by the increases
in interstitial volume and decreases in blood volume that
occur after norepinephrine infusion in piglets [5]. The
decreases in hematocrit to less than "BASAL" values seen
after nicotinic acid administration may reflect the tran-
sient changes in redistribution of blood flow that accom-
pany administration of this drug [3].

The elevations of glycerol and FFA concentrations
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Fig. 4. Changes in biochemical variables in two piglets who show no significant changes in VO2 rate following norepinephrine infusions. For
protocol see Figure 1 and text. O O :pig no. 7, 5 days of age; # %:p'g «"• A 17 hr of age.

observed following norepinephrine stimulation have
been interpreted to reflect increased lipolysis and lipid
mobilization. The validity of this interpretation for pig-
lets has been demonstrated under similar experimental
circumstances with 14C-palmitic acid infusions: signifi-
cant increases of plasma FFA turnover occurred fol-
lowing norepinephrine infusion [14].

The observed lipolytic response of newborn piglets
to norepinephrine infusions contradicts the results of
previous in vitro studies [22] but is in accordance with
in vivo studies in older piglets [6]. Lipid mobilization fol-
lowing norepinephrine infusion increased with post-
natal age, was not correlated with changes in VO2,
and was significantly suppressed by nicotinic acid. It
should be noted, however, that even after a dose of 50
mg/kg nicotinic acid, which in other species effects a
complete inhibition of lipolysis [15], some of the animals
still manifested a mild lipolytic response to norepineph-
rine.

During the first 2 weeks of life, when the piglet is
increasing his body fat content from about 1 % at birth
to some 14 % of body weight at 2 weeks of age [17], in-

creases in fasting levels of plasma FFA and glycerol
concentration have been reported [1]. During this same
period the magnitude of the norepinephrine-stimulated
lipid mobilization increases, suggesting that age and body
stores of adipose tissue may be important determinants
of the capacity of the piglet for lipid mobilization.

Even when norepinephrine did effect lipid mobiliza-
tion, however, increases in VO2 were notably small and
were not related to the lipolytic responses. Suppression
of FFA mobilization during norepinephrine infusion
did not significantly alter VO2 responses. These findings
could reflect the influence of factors such as nutritional
status or the magnitude of the lipid-mobilizing response.
In adult humans the VO2 response to norepinephrine
infusion appears to be related to the nutritional status
of the individual, and the lack of a response in the post-
prandial state has been attributed to a lack of FFA
mobilization [15]. Starvation prior to norepinephrine
infusion in the two piglets studied, however, did not
appear to accentuate the VO2 response. The maximal
increases in FFA concentrations following norepineph-
rine infusions, in most of the piglets studied, were com-
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Fig. 5. Changes in biochemical variables and VO2 rate in three piglets receiving intravenous epinephrine in two infusion periods. For dosage
see Table IT?. # %:pigno. 17, 8 days of age; A A:pigno. 18, 8 days of age; O O:pigtw. 19, 11 days of age.

parable to those seen in other species [8, 15, 28], includ-
ing the human newborn [24]. In all these species, how-
ever, a substantial increase in VO2 accompanied the
lipolytic response to infused norcpinephrinc.

It therefore seems likely that in the newborn piglet
the lack of an appreciable increase in VO2 after norepi-
nephrine infusion reflects an altered utilization of mobi-
lized FFA, probably a relative lack of oxidation. This
suggestion is supported by the finding of a lack of an
increase in ketonc bodies following norepincphrine in-
fusion. Whether or not this explanation can be inter-
preted simply to reflect a lack of brown adipose tissue
remains to be defined. Preliminary results in older pig-
lets indicate, however, that oxidative utilization of FFA
mobilized during norepinephrinc infusion improves
with increasing postnatal age [14]. It is therefore unlikely
that the absence of brown adipose tissue alone could
account for the suggested relative lack of oxidative
utilization of mobilized FFA in newborn piglets.

Summary

Our findings in the piglet and the recent report suggest-
ing that white adipose tissue of newborn human infants

differs metabolically in its response to norcpinephrine
[19] suggest that investigations into the role of white
adipose tissue in the norcpincphrinc-induccd calorigenic
response of newborns of various species are of importance.
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