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The Effects of Fasting and General Anesthesia on
Serum Chemistries in KCG Miniature Pigs

Hozumi Tanaka,! Takashi Igarashi,?> Alan T Lefor,"*" and Eiji Kobayashi'?

Investigators are obligated to optimize the perioperative care of experimental animals, but little is known about the ef-
fects of anesthesia and surgery on serum chemistries in KCG pigs. The objective of this study was to examine the influence
of fasting and surgery under general anesthesia on 27 serum chemistries in KCG miniature pigs to improve management.
Crossbred KCG minipigs were used at a mean of 12.3 mo of age (range, 8.6 to 14.9) and 33.4 kg of body weight (range, 24.0 to
40.2). Serum chemistries were evaluated at the start and end of a 24 h fasting period in fasted animals (n = 6). No significant
differences were observed between the starting and postfasting studies. Partial hemilaminectomy of the lumbar spine was
carried out in 2 groups of animals. Those given sevoflurane anesthesia (n = 7) had significant decreases in serum albumin,
potassium, inorganic phosphorus, y-glutamyltransferase peptidase, cholinesterase, and glucose postoperatively compared
with preoperative values. Animals given isoflurane (n = 7) anesthesia had significantly decreased total protein, albumin,
triglyceride, phospholipids, sodium, potassium, calcium, alanine aminotransferase, alkaline phoshatase and glucose after
surgery compared with levels before surgery. In a separate experiment (n = 7), serum glucose and insulin also decreased dur-
ing the postoperative period after isoflurane anesthesia. These results demonstrate that select serum electrolytes, glucose, and
insulin of KCG miniature pigs are altered after general anesthesia. Investigators must be aware of the effects of anesthetic

agents on experimental animals to provide optimal care and for interpretation of experimental data.

Abbreviations: KCG, Kogata Chinese-Clawn—Gottingen crossbred minipigs; KX, ketamine—xylazine.

Pigs have been widely used in medical research, either as a
general medium-sized model that is larger than a rodent?! or
as models in specific medical applications,”?>3# in light of their
anatomic and physiologic characteristics. Swine have gained
prominence in medical research for endoscopic and laparoscopic
surgery'1228 ag well as for medical training®131418364142 and
education as a replacement for other animal species of similar
size. A wide range of baseline physiologic and detailed bio-
chemical information regarding various breeds of swine used
today is available.!%% Detailed serum biochemistry data are
available for Yucatan miniature pigs, including data for animals
at various ages.333

In Japan, because of recent concerns about the welfare and
care of stray dogs, which were used in medical experiments
commonly in the past, the use of pigs to replace or complement
dogs has become more widespread. Because domestic pigs are
obtained easily and are relatively inexpensive, most institutions
have used domestic pigs more often than miniature pigs as
subjects in experiments. However, because of their small size,
miniature pigs are easier to handle and cheaper to maintain com-
pared with larger animals.? Compared with the vast number of
domestic pigs raised for food production, only a few miniature
pigs are produced annually for use as experimental animals.
Limited information is available currently regarding the effects
of anesthesia and surgery on the serum chemistries of Kogata
Chinese-Clawn—-Gottingen crossbred (KCG) miniature pigs,
which are being used increasingly in medical education and
research in Japan.!6232940 Performing survival experiments in
minipigs demands optimal pre- and postoperative care, requir-
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ing a detailed knowledge of the biochemical effects of anesthesia
and surgery on the animals.

Ketamine is a dissociative anesthetic that is ideal for induc-
ing short periods of restraint and is commonly used in pigs.
Because ketamine alone may not provide sufficient muscle
relaxation, it is often administered in combination with other
agents.” Ketamine and xylazine are often used in tandem to
achieve a balanced state of anesthesia, muscle relaxation, and
analgesia during short-term procedures in pigs.>?® By virtue of
their minimal influence on hemodynamics and low incidence
of complications, inhalation anesthetics such as isoflurane
provide an alternative to ketamine-xylazine (KX) anesthesia
in swine research.

In our experience, the use of isoflurane or sevoflurane after KX
in fasted swine allows stable sedation and anesthesia that can be
maintained as long as needed. The objective of this study was
to examine the influence of fasting and surgery under general
anesthesia on the serum chemistries in KCG miniature pigs to
optimize their management during the perioperative period
and improve overall postoperative care.

Materials and Methods

After review and approval by the Judging Committee of
Experimental Animal Ethics of Jichi Medical University, noncas-
trated male KCG minipigs (Sus scrofa var. domesticus) were used
atamean age of 12.3 mo (range, 8.6 to 14.9 mo) and mean body
weight of 33.4 kg (range, 24.0 to 40.2 kg). The KCG minipigs
were produced by interbreeding Kogata Chinese, Clawn, and
Gottingen minipigs at the National Livestock Breeding Center,
Ibaraki Station, Independent Administration Institution of Japan
(NLBC), since 1991. These pigs are a closed herd and are not
commercially available at this time.*° Sexual maturity in these
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Table 1. Serum chemistry values (mean * SE) in KCG minipigs before and after a 24-h fast

Before After
Total protein, g/dL 8.1+0.34 8.2+0.81
Albumin, g/dL 41+0.33 44+023
Albumin:globulin ratio 1.1+0.15 1.2£0.12
Total bilirubin, mg/dL 0.05 +0.009 0.05 +0.005
Direct bilirubin, mg/dL 0.10 £0.048 0.08 £0.031
Indirect bilirubin, mg/dL 0.02+0.015 0.01 £0.007
Triglycerides, mg/dL 20£3.7 34£69
Phospholipids, mg/dL 67+73 59+6.1
Free fatty acid, tEq/L 280+73.1 294 +71.0
Total cholesterol, mg/dL 65+2.4 65+3.5
Cholesterol ester, mg/dL 50+1.5 48+2.7
Free cholesterol, mg/dL 15+09 17+£2.1
Cholesterol esterase, % 77 £0.8 75+25
BUN, mg/dL 18+25 19+23
Creatinine, mg/dL 1.29+£0.213 1.10 £0.153
Sodium, mEq/L 14322 144 +£3.5
Chloride, mEq/L 102£2.0 101+£1.2
Potassium, mEq/L 5.7+0.38 75+1.72
Calcium, mg/dL 10.2£0.15 9.8+0.55
Phosphate, mg/dL 7.3+0.56 84+0.71
Asparatate aminotransferase, IU/L 100 £52.2 388 +317.4
Alanine aminotransferase, IU/L 50+7.3 78 £20.7
Lactate dehydrogenase, [U/L 577 +162.7 2739 £2141.1
Alkaline phosphatase, IU/L 450 +£115.2 597 +£187.9
y-glutamyltransferase peptidase, IU/L 55+7.1 67 +8.9
Cholinesterase, IU/L 6+0.8 8+1.1
Glucose, mg/dL 73+£27 68+34

animals typically occurs at 5 to 6 mo of age. All animal care was
consistent with the laws of Japan.

Animals were bred in confinement housing facilities and
were specific pathogen-free for foot-and-mouth disease, hog
cholera, swine vesicular disease, African swine fever, Aujesky
disease, transmissable gastroenteritis virus, porcine epidemic
diarrhea virus, porcine reproductive and respiratory syndrome
virus, Mycoplasma pneumoniae, Erysipelothrix rhusiopathiae, and
hepatitis E virus. All animals were provided with adequate
individual pens measuring 1 X 1.5 m in size with a bedding
space (0.5 x 1 m) of covered rubber. The pens were tempera-
ture- (18-23C) and humidity (40-60%) -controlled with a natural
light:dark cycle (lights on, 0730 to 1800). Pigs each were fed 600
g of feed (Kyoken Ultrabreed 72 Ibaragi, JA East Japan, and
Gunma, Japan) once daily.

Blood was sampled from the superior vena cava of each
animal. Serum chemistries measured (Fuji Dri-chem 7000v,
Fujifilm, Tokyo, Japan) included total protein, serum al-
bumin, albumin:globulin ratio, total bilirubin, direct and
indirect bilirubin, triglycerides, phospholipid, free fatty acid,
total cholesterol, cholesterol ester, free cholesterol, choles-
terol esterase, BUN, creatinine, sodium, chloride, potassium,
calcium, phosphate, aspartate aminotransferase, alanine ami-
notransferase, lactate dehydrogenase, alkaline phosphatase,
v-glutamyltransferase peptidase, cholinesterase, and glucose.
Serum chemistries were evaluated in 4 separate experiments.

Experiment 1 involved 6 KCGs and examined the influence
of fasting on serum chemistries. Animals received normal feed
until the beginning of a 24 h fast (water provided ad libitum).
Blood samples for serum chemistries were drawn just before

and immediately after the fast. These animals were not sedated,
and surgery was not performed on these animals after the fast-
ing period.

Experiment 2 used 7 KCGs and examined the influence of
sevoflurane on serum chemistries, whereas experiment 3 used
7 KCGs and examined the influence of isoflurane on chemistry
values. In both of these experiments, animals received normal
feed until 24 h preoperatively, when serum chemistries were
evaluated just before a 24 h fast (water provided ad libitum).
After the fast, all animals underwent KX sedation, followed by
inhalation anesthesia and hemilaminectomy. Blood was sam-
pled again at 90 min after the start of surgery. A single animal in
experiment 2 required a second (half-dose) injection of sedatives
to achieve the desired clinical effect.

Experiment 4 used 7 KCGs and examined the influence
of isoflurane on blood glucose and insulin levels by using a
2-step sandwich enzyme immunoassay (LS Agent Insulin Kit;
Eiken Chemical, Tokyo, Japan) after the preoperative fast and
again 90 min after the start of surgery. All animals underwent
a hemilaminectomy as described below.

Minipigs undergoing surgery were sedated by intramuscular
injection of ketamine hydrochloride (10 mg/kg; Ketalar 50,
Sankyo, Tokyo, Japan) and xylazine (2 mg/kg; Celactor, Sankyo)
after pretreatment with atropine sulfate (0.03 mg/kg; Atropine,
Tanabe, Osaka, Japan). Subsequently, the inhalant anesthetics
sevoflurane (Sevofrane, Maruishi, Osaka, Japan) and isoflurane
(Isiflu, Dainipon-sumitomo, Osaka, Japan) were used with
maintenance at a 2% flow rate after orotracheal intubation.

The operation included skin incision and partial hemilaminec-
tomy of the lumbar spine followed by intraepidural injection of
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Effect of surgery on serum chemistries in KCG pigs

Table 2. Effect of sevoflurane anesthesia on serum chemistry values (mean+ SEM) in KCG minipigs

Before surgery After surgery
Total protein, g/dL 79+0.34 7.3£0.05
Albumin, g/dL 44+0.21 3.9+0.112
Albumin:globulin ratio 1.3+0.10 1.2+0.05
Total bilirubin, mg/dL 0.13£0.072 0.09 £0.009
Direct bilirubin, mg/dL 0.11 £ 0.055 0.08 £ 0.009
Indirect bilirubin, mg/dL 0.02+0.018 0.01 +£0.004
Triglyceride, mg/dL 24+6.2 18+3.7
Phospholipid, mg/dL 67+73 57+6.5
Free fatty acid, uEq/L 322+73.5 234 +81.7
Total cholesterol, mg/dL 64+22 63+5.5
Cholesterol ester, mg/dL 49+13 49+4.4
Free cholesterol, mg/dL 15+09 14+1.1
Cholesterol esterase, % 77 £0.8 78 £0.5
BUN, mg/dL 16+15 14+23
Creatinine, mg/dL 1.09 £0.113 0.96 £0.124
Sodium, mEq/L 145+£19 139+1.0
Chloride, mEq/L 103+1.3 99+1.2
Potassium, mEq/L 58+045 40+0.14*
Calcium, mg/dL 10.2+0.17 10.2+0.27
Phosphate, mg/dL 7.6 +0.55 5.4+0.24°
Asparatate aminotransferase, IU/L 114 +61.3 59+12.0
Alanine aminotransferase, IU/L 55+6.3 39+54
Lactate dehydrogenase, [U/L 630 +188.3 474+£42.3
Alkaline phosphatase, IU/L 485+134.4 357 +128.2
v-Glutamyltransferase peptidase, IU/L 60+5.6 44 +3.0°
Cholinesterase, IU/L 7+0.7 4+0.22
Glucose, mg/dL 70+£1.2 55+4.5°

2 Significantly (P < 0.05) different from preoperative value.

Freund adjuvant (as part of another approved study). Surgery
was performed with animals in the prone position and lasted
approximately 2 h in each case. Blood was sampled from the
anterior vena cava of unanesthetized pigs in the orthostatic
position or of prone anesthetized pigs.

All minipigs in experiments 2, 3, and 4 were monitored care-
fully until emergence from anesthesia. Emergence was defined
as the initiation of spontaneous breathing and movement of
the extremities. Animals received routine postoperative care,
including physiologic monitoring and routine postoperative
analgesia. No arrhythmias appeared on cardiac monitors during
the early postoperative period.

Data were analyzed by using paired ¢ tests using Excel soft-
ware (Microsoft Corporation, Redmond WA, USA).

Results

Serum chemistry values of KCG minipigs obtained just be-
fore and after a 24-h fast did not differ (experiment 1; Table 1),
although the standard errors (SEs) for aspartate aminotrans-
ferase, lactate dehydrogenase, and alkaline phosphatase were
quite large. Review of these data revealed that a single animal
yielded values that were significantly different from those of the
others in that group. Omitting values from this animal did not
change the results regarding the lack of statistically significant
changes after fasting.

KCG minipigs that underwent hemilaminectomy under
sevoflurane anesthesia had significantly (P < 0.05) decreased
albumin, potassium, phosphate, y-glutamyltransferase pepti-

dase, cholinesterase, and glucose after surgery compared with
preoperative values (experiment 2; Table 2). Again, the SEs for
aspartate aminotransferase, lactate dehydrogenase, and alkaline
phosphatase were quite large due to the results for a single
animal in the group; omitting values from this animal did not
change the overall results.

When isoflurane was used as a general anesthetic for minipigs
undergoing hemilaminectomy, postoperative serum chemistries
were significantly (P < 0.05) decreased for total protein, albu-
min, triglyceride, phospholipids, sodium, potassium, calcium,
asparatate aminotransferase, alanine aminotransferase, and
glucose compared with preoperative values (experiment 3;
Table 3). Similarly, immunoassay revealed that serum glucose
and insulin levels after surgery (58 + 5.3 mg/dL and 0.3 + 0
ulU/mL, respectively) were significantly (P < 0.01) lower than
before surgery (79 + 7.0 mg/dL and 4.66 + 0.990 uIU/mL, re-
spectively).

In these studies with minipigs, the duration (mean + SD) of
anesthesia until emergence was 22 + 13.3 min (range, 13 to 49
min). Time to emergence did not differ between isoflurane and
sevoflurane.

Discussion
The use of experimental animals in medical research and
teaching requires that adequate support systems exist for their
optimal care. When the use of animals is limited to nonsurvival
experiments, such as for teaching new surgical techniques, the
care required is quite limited. However, it is essential to charac-
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Table 3. Effect of isoflurane anesthesia on serum chemistry values (mean + SEM) in KCG minipigs

Before surgery After surgery
Total protein, g/dL 8.0+ 0.07 7.0£0.08
Albumin, g/dL 41+0.16 3.6+0.13*
Albumin:globulin ratio 1.1+0.08 1.1+0.08
Total bilirubin, mg/dL 0.03+0.014 0.06 +£0.008
Direct bilirubin, mg/dL 0.03+0.013 0.05 +0.006
Indirect bilirubin, mg/dL 0.00 £0.003 0.01 +£0.003
Triglyceride, mg/dL 35+3.4 15+1.92
Phospholipid, mg/dL 75+71 63£3.2°
Free fatty acid, tEq/L 179 £101.0 175£29.5
Total cholesterol, mg/dL 65+7.4 58 +3.8
Cholesterol ester, mg/dL 50+5.8 45+3.3
Free cholesterol, mg/dL 15+1.6 13+0.6
Cholesterol esterase, % 77 £0.7 77 £0.6
BUN, mg/dL 16+1.8 15+1.6
Creatinine, mg/dL 1.19 £0.056 1.16 £0.053
Sodium, mEq/L 146 +£1.2 139 +£0.62
Chloride, mEq/L 101£0.6 101+£0.5
Potassium, mEq/L 5.6+0.46 3.9+0.09
Calcium, mg/dL 10.6 £0.26 9.9+0.25%
Phosphate, mg/dL 6.5+0.18 6.2+0.21
Asparatate aminotransferase, IU/L 27 +5.1 39+6.3
Alanine aminotransferase, IU/L 42+1.3 36+2.22
Lactate dehydrogenase, [U/L 376 +24.1 366 +29.8
Alkaline phosphatase, IU/L 396 £50.3 275+24.42
v-Glutamyltransferase peptidase, IU/L 49+43 45+3.6
Cholinesterase, IU/L 5+0.3 4403
Glucose, mg/dL 74+2.8 63 £3.3°

2 Significantly (P < 0.05) different from preoperative value.

terize the effects of surgery in KCG minipigs to optimize their
postoperative care in response to their increasing use in survival
experiments. The data we obtained during the current studies
are an index of normal values for minipigs in the perioperative
period. To our knowledge, this article is the first report on the
serum levels of these 27 serum chemistry analytes in KCG mini-
ature pigs undergoing general anesthesia and surgery.

Fasting alone did not affect the serum chemistries of 8.6- to
14.9-mo-old KCG minipigs (experiment 1). In the current stud-
ies, chemistries evaluated at 24 h after the last feed defined
the preoperative period and were used as the control values.
The effect of fasting on serum biochemistry values in Yucatan
miniature pigs has been reported.® These investigators found
results similar to those reported here, with no significant effect
of fasting. The effect of fasting on immune function has been
evaluated in swine, and although investigators found a transient
decrease in the number of neutrophils, no effect on the response
of lymphocytes to selected mitogens was apparent.?

Most parameters had a tendency to decrease under anesthesia
with sevoflurane or isoflurane. Although the observed hypogly-
cemia may have been due to anesthesia, serum levels should
be monitored carefully during the postoperative period. Serum
potassium and phosphate under sevoflurane anesthesia and
sodium, potassium, and calcium under isoflurane anesthesia
were lower than during the preoperative period. Despite the
relative hypokalemia, routine postoperative cardiac monitoring
did not reveal any arrhythmias. Detailed information about the
effects of isoflurane on physiologic and serum biochemistry
values in neonatal piglets has been reported.?

In addition, serum glucose levels were lower under both
gaseous anesthetics than during the preoperative period. We de-
termined the insulin levels associated with glucose metabolism
under isoflurane anesthesia (experiment 4). Animals receiving
isoflurane anesthesia had lower blood glucose and insulin levels
compared with those during the preoperative period.

Because we used volatile anesthetics after pretreatment with
KX, we needed to consider its possible influence on serum
chemistries in KCG miniature pigs. Several previous reports in-
dicate such effects in several species. Used alone, ketamine does
not alter plasma insulin or glucose concentration in collared
peccaries!” or African green monkeys.* Ketamine-associated
hypoinsulinemia and hyperglycemia in cats?® and baboons?* are
generally mild. However, as an a-adrenergic receptor agonist,
xylazine exerts profound effects on carbohydrate metabolism
by reducing circulating insulin concentrations in cattle.'?%?2 The
effects associated with KX treatment are consistent with previ-
ous reports of decreased circulating insulin concentration in
response to narcotic doses of xylazine in several species.!202243
Although a significant reduction in immunoreactive insulin
concentration has been reported in KX-anesthetized pigs,
plasma glucose concentrations remained unchanged in the
current study.?%?2 In horses, the hypoinsulinemic effect of the
KX combination roughly approximates that of xylazine alone.*3
Evidently the KX combination and xylazine both suppress
insulin release in these animals.

We also considered the influence of isoflurane after treatment
with KX. Isoflurane-associated hypoinsulinemia is generally
mild and occurs in dogs, rat islet cell cultures,® and Yucatan
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minipigs.'® Sevoflurane anesthesia reportedly has a rapidly
reversible inhibitory effect on basal and glucose-stimulated
insulin secretion.® Our result is in agreement with previous
reports, which showed that the insulin concentration decreases
under anesthesia.>1%1%% However, previous reports do not agree
with our result that blood glucose was lower under anesthesia
in miniature pigs. Seven hormones synergize with regulation
of blood glucose for maintenance of homeostasis.*? The gluco-
genic hormones are glucagon, catecholamine (adrenaline and
noradrenaline), glucocorticoid (principally cortisone), thyro-
trophic hormone, and growth hormone. By contrast, insulin is
the only hormone that decreases blood glucose.

Emergence from anesthesia is prolonged by intraoperative
hypothermia, which also reduces anesthetic excretion from the
liver and kidney. Therefore, delayed emergence from general
anesthesia has been attributed to a mechanical response.’® In
our preliminary study, miniature pigs under general anesthe-
sia underwent surgery on the operating table with a thermal
blanket adjusted to 39 °C, yet their body temperature (mean *
SE) fell from about 39 °C to 35.2 + 0.32 °C during the immedi-
ate postoperative period. Intraoperative hypothermia therefore
may affect the time required for emergence from anesthesia. In
the current study, the duration between stopping inhalation an-
esthesia and emergence was quite variable (range, 13 to 49 min).
Anesthesia with isoflurane or sevoflurane likely influences the
electrolyte and blood glucose levels of miniature pigs. Further
studies are needed to determine whether the variability in time
for emergence can be decreased by infusion of electrolytes and
glucose during the postoperative period.

Further studies are needed to identify the mechanism of hy-
poglycemia under anesthesia in miniature pigs and to examine
the effects during laparotomy and thoroacotomy. The results
of the current study demonstrate that the blood electrolyte,
glucose, and insulin levels of KCG miniature pigs after surgery
are influenced by surgery under general anesthesia.
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