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Abstract. The effects of several anesthetic or analgesic agents (halothane, Na thiopental, ke-
tamine, nitrous oxide, xylazine, and procaine) administered in vivo, on swine adipose tissue
metabolism were measured. Adipose tissue samples were collected from the subcutaneous depot
before and after administration of the anesthetic or analgesic agent. The rate of oxidation of
glucose to CO, and the lipogenic rate, or the basal and stimulated lipolytic rates, were measured
on tissue slices incubated in vitro. There were no effects on the oxidation of glucose to CO, or
the incorporation into lipids except by procaine. Procaine depressed (P < 0.05) the lipogenic
rate (12%) and tended (P < 0.1) to depress the oxidative rate (9%). The only observable effect
on the lipolytic rates was a tendency (P < 0.1) for ketamine to increase the stimulated lipolytic
rate. The minimal effects on adipose tissue metabolism reported herein were obtained with short
times of compound administration. Several agents (nitrous oxide, procaine, and xylazine) are

not recommended because of poor analgesia.

The predominant animal model for the
study of adipose tissue metabolism has been
the rat; tissue samples have been obtained
generally after killing. The use of larger ani-
mals, such as swine, as model species pre-
cludes sacrifice to obtain a small tissue sample
because of animal cost. Small biopsy samples
(about 1 g) of subcutaneous adipose tissue have
been obtained from swine in several labora-
tories. However, the need for larger tissue
samples and the increased concern for animal
welfare issues require the use of anesthetic or
analgesic agents before the biopsy procedure.
Since anesthetic or analgesic agents are not
pharmacologically benign, the effect on the
metabolic pathways of interest in a particular
tissue must be known before use of a drug. I
have tested the effect of several anesthetic or
analgesic agents administered in vivo on lipid
metabolism in swine subcutaneous adipose
tissue obtained by biopsy techniques.

Materials and Methods. Crossbred pigs
(Yorkshire X Landrace or Chester White
X Large White) were raised under normal

! Mention of a trade name, proprietary product, or ven-
dor does not constitute a guarantee or warranty by the
U.S. Department of Agriculture and does not imply its
approval to the exclusion of other products or vendors
that may be suitable.

husbandry conditions in temperature-con-
trolled buildings. They were fed ad libitum a
corn-soybean meal-based diet (ca. 18% pro-
tein) from weaning at 4 weeks of age. On a
given experimental day, two female and two
castrated male pigs, each from a different lit-
ter, were used to test a single anesthetic or
analgesic agent. An adipose tissue biopsy sam-
ple was obtained (1) from each animal in the
dorsal neck region with a spring-loaded bi-
opsy gun without anesthetic or analgesic, the
agent was administered and then a second bi-
opsy sample was obtained. The control ani-
mals were biopsied twice with an interval of
3 min.; no anesthetic or analgesic agent was
administered. The tissue samples were placed
in room temperature 0.9% NaCl, tissue slices
(0.3 mm) were prepared and either glucose
oxidative plus lipogenic rates or lipolytic rates
were measured on a given experimental day.
The wounds were treated once with wound
powder (Tylan plus Neomycin Eye Powder,
Elanco Product, Eli Lilly Co., Indianapolis,
Ind.). Halothane (Halocarbon Laboratories
Inc., Hackensack, N.J.) was administered with
a face mask and initially vaporized at 3% with
maintenance at 0.5% in the presence of 100%
O, flowing at 1.5 liter/min. Sodium thiopen-
tal (Pentothal, Abbott Laboratories, North
Chicago, Ill.) was administered intravenously
into an ear vein as a 100 mg/ml solution at
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TABLE 1. EFFECT OF ANESTHETIC OR ANALGESIC AGENTS ON ADIPOSE TISSUE LIPOGENESIS

Glucose metabolism rate¢

Oxidation to CO,

Incorporation into lipid

Agent Interval®  Weight®  Initial rate Change P?  Initial rate Change P
Control 180 19.1 £0.2 8409 0.1+04 072 105+15 -01x05 0.80
Halothane 190 164 £ 1.4 88 £2.7 1.3+£1.0 028 214 £ 6.3 33+£23 0.26
Na thiopental 70 172 £ 1.2 92+10 -10x0.7 028 21.7+24 19+£53 074
Ketamine 140 16.8 £ 1.2 88 = 1.1 0.1 +£09 098 219+29 0439 092
Nitrous oxide 180 159 £ 0.2 851204 -04+02 0.12 152+27 —-03+02 0.22
Xylazine 900 208 £ 1.5 6.0 £ 0.6 0.1 +£0.1 040 7608 —-03x+05 0.62
Procaine 170 186 04 107+08 -10+04 0.10 13712 -17x05 0.04

< Interval (in seconds) between administration of agent and completion of the biopsy following agent administration.

b kg, mean + SE.

€ Micromoles glucose incorporated into CO, or total lipids per 2 hr per gram tissue; mean + SE. The rates from
the initial biopsy sample and the change observed between it and the postanesthetic or -analgesic sample are indicated.
< Probabilities are for the two-tailed test of the hypothesis of equality of paired pre- and postdrug samples.

¢n = 3 rather than usual 4.

11 mg/kg body wt. Ketamine HCl (Ketaset,
Bristol Laboratories, Syracuse, N.Y.) was ad-
ministered intravenously into an ear vein as
a 100 mg/ml solution at 5 mg/kg body wt.
Xylazine (Rompun, Haver-Lockhart, Shaw-
nee, Kans.) was administered intramuscularly
as a 100 mg/ml solution at 6 mg/kg body wt.
Procaine HCl (Frank Veterinary Laborato-
ries, Inc., Edina, Minn.) was infused subcu-
taneously at the periphery of an area approx-
imately 5 to 6 cm in diameter as a 25 mg/ml
solution; the terminal biopsy was taken from
the center of this area. Nitrous oxide was ad-
ministered with a face mask at 80% in the
presence of 100% O, flowing at 1.5 liter/min.

The maximal rates of [U-'*Clglucose in-
corporation into lipids and CO, were deter-
mined in a medium of Krebs-Ringer bicar-
bonate buffer, 20 mM glucose (0.5 uCi '“C),
and 100 mU insulin/ml. The glucose concen-
tration was chosen to saturate the metabolic
pathways and achieve maximal rates (2). In-
sulin has essentially no effect on these aspects
of glucose metabolism in swine adipose tissue
in vitro, but is routinely added to high con-
centrations to ensure measurement of maxi-
mal metabolic rates (2). One hundred milli-
grams of slices (0.3 mm thick) were incubated
in quadruplicate in a total volume of 3 ml at
37°C for 120 min in a shaking water bath (90
strokes/min) in sealed flasks under an at-
mosphere of 95% O,-5% CO,. The reactions
were stopped with H,SO4, the CO, was
trapped in a suspended center well, and the

lipid was extracted with chloroform and
methanol from the tissue plus the medium.
The radioactivity in CO, and lipid was de-
termined. Detailed methods were described
previously (2).

Lipolysis was measured by incubation of
100 mg adipose tissue slices at 37°C with
shaking (90 strokes/min) for 90 min. The me-
dium (3 ml total volume) was Krebs-Ringer
bicarbonate containing 4% fatty acid-poor
Fraction V bovine albumin (Sigma Chemical
Co., St. Louis, Mo.), 5.56 mM glucose, and
0.57 mM ascorbate. The nonstimulated or
basal lipolytic rate was measured in triplicate
in the above medium whereas the maximal
stimulated rate was measured in triplicate in
the presence of 10~ M epinephrine bitartrate
plus 1073 M theophylline. The high epineph-
rine concentration plus theophylline were
present to ensure measurement of the maxi-
mal lipolytic rate (3). The lipolytic rate was
assessed by extraction and titrimetric deter-
mination of the fatty acids released to the me-
dium. Detailed methods were described pre-
viously (3).

Results. The anesthetic or analgesic effec-
tiveness of the pharmacological agents tested
was variable. Halothane and Na thiopental
yielded recumbancy of the pig as did ketam-
ine although there was considerable sponta-
neous muscle movement with ketamine. Xy-
lazine produced only moderate analgesia. Ni-
trous oxide yielded recumbancy but some
apparent pain perception. Procaine produced
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TABLE II. EFFECT OF ANESTHETIC OR ANALGESIC AGENTS ON ADIPOSE TISSUE LIPOLYSIS

Lipolytic rate¢
Basal Net stimulated

Agent Interval®  Weight®  Initial rate Change P4 Initial rate Change ) o
Control 180 258 £ 09 83+05 —-05+12 070 545+6.1 -90+ 53 0.18
Halothane 120 20.7+04 10106 —-02+20 092 700+6.7 -89+120 0.52
Na thiopental 30 21406 129+09 -02+34 094 57.1+34 92+ 6.3 0.28¢
Ketamine 130 241+10 36 £0.5 34+37 042 33.7x36 99+ 36 0.08
Nitrous oxide 165 273+02 14713 1.2+£23 064 49.7x29 04 7.7 096
Xylazine 900 26.4 £ 0.8 54 1.7 1.1+£12 042 51714 30+ 35 048°
Procaine 165 269 £ 0.9 43+19 -12+23 064 569x75 06+ 60 092

“ Interval (in seconds) between administration of agent and completion of the biopsy following agent administration.

® kg, mean + SE.

¢ Micromoles fatty acid liberated per 2 hr per gram tissue, mean + SE: basal = rate without exogenous hormones;
net stimulated = rate in presence of 10~* M epinephrine plus 1073 M theophylline minus basal rate. The rates from
the initial biopsy sample and the change between it and the postanesthetic or -analgesic sample are indicated.

9 Probabilities are for the two-tailed test of the hypothesis of equality of paired pre- and postdrug samples.

¢n = 3 rather than usual 4.

only moderate analgesia (infused peripherally
to the biopsy in an attempt to limit the con-
centration in the biopsy sample). The time to
achieve recumbancy for all agents except xy-
lazine (im injection) was relatively short (Ta-
bles I and II).

The only effect of any analgesic or anes-
thetic agent on glucose metabolism (Table I)
was the depression (12%) by procaine of glu-
cose incorporation into lipids (P <€ 0.05) and
the tendency toward depression (9%) of glu-
cose oxidation (P < 0.1). No agent affected
the basal lipolytic rate (Table II). Likewise,
the stimulated rate of lipolysis was not af-
fected but tended to be increased (29%) by
ketamine, (P € 0.1).

The use of anesthetic or analgesic agents
allowed the removal of large samples of adi-
pose tissue; several approaches were at-
tempted with Na thiopental anesthesia in pigs
at about 20 kg body weight. The tissue was
not used for the metabolic experiments re-
ported herein. Six biopsy samples were re-
moved in 3 min from the time of anesthetic
adminstration with one person doing all bi-
opsy procedures (2 min if one person oper-
ated the biopsy gun and another removed the
tissue samples). The pigs were given 3 ml of
antibiotic, intramuscularly (Pen-mycin, RXV
Veterinary Products, Porterville, Calif.) for
these and other procedures producing exten-
sive wounds. Healing of these multiple wounds
(about 0.5 to 1.0 cm apart) was rapid with or

without treatment with wound powder. Large,
contiguous pieces of adipose tissue (about 2
X 6 cm) were removed from the mid-dorsal
line in the neck region by surgical dissection
from the skin and underlying muscle. The use
of a single incision was troublesome for tissue
dissection but healing was rapid. Retention of
the skin intact on one 6-cm side allowed easy
dissection and good healing if sutures were
close (four to five per 6-cm side and two per
short side). Retention of intact skin on one
short side allowed easy dissection, but 50% or
more of the skin became necrotic; healing was
otherwise satisfactory. The skin could also be
totally removed with satisfactory healing.

Discussion. Numerous types of com-
pounds, alone or in combination, have been
used to produce anesthesia or analgesia in pigs
(4-7). The agents used in this study were cho-
sen for diversity of drug type coupled with
ease of administration. The general inhalation
anesthetics, nitrous oxide and halothane, the
intravenous dissociative anesthetic, ketam-
ine, the hypnotic-sedative barbiturate, thio-
pental, and the intramuscular sedative-anal-
gesic, xylazine were tested. In addition, the
subcutaneous infused local anesthetic, pro-
caine was studied. Only single drugs were used
in this study so that the observations were not
confounded by drug combinations.

Some anesthetic or analgesic agents, pres-
ent in in vitro incubations, influenced the li-
polytic rate of adipose tissue. Local anesthet-
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ics (e.g., procaine, dibucaine, lidocaine) in-
hibited lipolysis (8—-10). Halothane stimulated
lipolysis of adipose tissue at low in vitro con-
centration (11, 12) whereas the lipolytic ac-
tivity was suppressed at very high halothane
concentrations (12). Induction of anesthesia
with hexobarbital, halothane, and nitrous ox-
ide did not affect basal or stimulated fatty acid
release from subsequently biopsied adipose
tissue (10). However, halothane (16) and ether
(17) induced anesthesia both stimulated in vivo
release of fatty acids. I am not aware of studies
on the influence of anesthetics on lipogenic
rates. However, the numerous metabolic ef-
fects reported for many anesthetic and anal-
gesic agents preclude indiscriminate use of any
drug without testing to determine the influ-
ence on the enzymes or pathways being stud-
ied. For example, ketamine uncoupled mi-
tochondrial oxidative phosphorylation (13),
xylazine, in vivo, caused hyperglycemia and
hypoinsulinemia in beef cattle (14), and pen-
tobarbital, compared to ether in vivo, de-
pressed rat liver glycogen; whereas the reverse
was observed in guinea pigs (15).

In contrast to the rather profound meta-
bolic effects reported for various anesthetic or
analgesic agents, the short term in vivo pre-
sentation of similar agents in the current study
produced minimal effects on swine adipose
tissue metabolism. Since the time between ad-
ministration of the drug and the subsequent
biopsy was short for all compounds except
xylazine, more profound effects might be ex-
pected with a longer duration between drug
administration and biopsy. Longer exposure
to the drug would presumbly produce greater
adipose tissue concentrations although this
would depend on the pharmacokinetic and
tissue distribution properties of each drug in
swine. The results reported for swine adipose
tissue may or may not be extrapolated to other
tissues or species.
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