A
—."1

3:14

?tr
88 tocs:
‘ estin effects on blood lipid concentrations and organic lipid composition of different genotypes of swine.
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An easy and accurate method to determine susceptibility to malignant hyperthermia (MH. i.e. increased stress

e,
“tibitiey - Ml e y ’ . 7 =
, ‘blllt}') in swine is still lacking. The physiological evaluation of the response of swine to stress may be a useful mean to
JQQO
Plish this. Hence, the objective of this study was to investigate the effects of physical stress (i.e. treadmill exercise) or
‘AJ'\*L,

by
lic stregg (i.e. an oral glucose load) on blood lipid concentrations and their relations to muscle and liver lipid composition

‘;\aFiQUS Swine genotypes. Cholesterol and free fatty acid levels were determined by appropriate methodology. In addition,
Pl
) e Catecholamine levels were obtained. We report here significant differences in the pre-stress cholesterol levels between the
Oy,

o & and MH susceptible animals as well a several differences in the response of these animals only to the imposed stresses
by

‘lmarily in catecholamine levels). These data indicate that determining plasma levels of cholesterol and catecholamines under
ly

o ph)’Siological conditions may be useful in determining susceptibility to MH in Swine.
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, 1€ of the most striking features of animals considered to have malignant hyperthermia (MH) which includes an increased
g

S e ! . y . ’

SCeptibility is their abnormal growth patterns. These animals grow more rapidly, have a hypertrophic musculature and

@ane

Muscle mass than their genetically normal counterparts. However, the mechanisms underlying these difference remain

Io
S8y
; unknnwn
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has been suggested for some time that swine susceptible to MH have an altered lipid metabolism. More recently, it was

iy
gEgl
" d that the genetic defect in MH may be within the gene coding for a hormone sensitive lipase found in muscle (Levitt
q

4 199 s . .
0). However. there is more abundant data suggesting that the primary defect in malignant hyperthermia is within the
Uy

I ;

Telease channel of the sarcoplasmic reticulum (e.g. Fill et al., 1990, Maclennan et al.. 1990, McCarthy et al., 1990,

\
‘mcke]g
So 4 ; " (AR g : g 1
I et al., 1990). Nevertheless in either case, secondary changes within skeletal muscles are likely which will be related
N
Or

Unde,: .
: ®rlie the formentioned altered growth patterns in MH animals. For example, our laboratory has recently shown that

0g L
Y Dhollpld compositions and fatty acid profiles of both cardiac and skeletal muscles are altered in MH animals (Seewald

L
Wy D). In was suggested from these findings that these differences alter the structural stability of muscle membranes which

Play,
) 4 10le in the proliferation of a MH reaction. This was predicted to be the case whether or not the stress to the animal
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Vip ! : .
Olmentally (e.g. elevated temperature) or chemically (e.g. via halothane) induced.
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We hypothesize here that MH susceptible animals which elicit a lower tolerance to stress will have a decreased 2

oy
: . . . pang®’ | Mey
regulate their energy metabolism when faced with a stress. As a means to quantitate such behavior we determined c2™

o 10 P
the concentrations of lipids within blood following either physical (treadmill exercise) or metabolic stress (oral glucos€ load s
addition, these levels were compared to those found in various organs (including liver and muscle). Finally, all meaf\‘memem i
compared between swine with various genetic backgrounds related to MH susceptibility.
i
MATERIALS AND METHODS v
L}
Three groups of German landrace swine were studied: homoyzgous halothane negative animals (H-/H-: n = 3): “CINOZ:O [ b
{ ih""“

. . 4 Lo : ) . q o:
negative animals (H-/h +; n=6) and homozygous halothane positive (h + /h +: n =3) animals. The genetic backgroun®

: : . , A3 o | . od USIHE
animals was derived from the special breeding program at our institute, whereas halothane sensitivitiy was determined !

j plo®

branyard halothane challenge. At an average body weight of 116 kg each animal was investigated. Two sets of contf
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samples were obtained 12 h after fasting. Immediately following treadmill exercise for 20 minutes additional blood SamP _

removed. Two exercise experiments were performed, each comprising 20 min. treadmill work (E1, E2). Several days™

L),

same animals were exposed to a glucose tolerance test (i.e. oral glucose 2 g/kg) and one hour later the final set
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obtained. Total plasma cholesterol and free fatty acid (FFA) levels were measured enzymatically. Plasma catechol2 3

were determined by HPLC analysis (Boos et al.. 1987).
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All animals were slaughtered at an average body weight of 127 kg (approximately 1 week post stress €St o oy
o [
. v ; . . e e gmon‘ r
samples of liver, the longissimus dorsi muscles and the supraspinatus muscles removed. Total lipid concentr ! g
1 g
: ) ) g s "]Cf]{a'
determined from each sample as previously reported (Seewald and Eichinger, 1989). The samples were then sapont \
|
the total cholesterol was measured colormetrically as ironoxide-complexes (Mann, 1961; Tu et al., 1967). 1
1
\
Statistical significance was determined by ANOVA. “‘Hg'
NG
BR,
T % ( 4
RESULTS AND DISCUSSION y 3
nd”
. : y %r“lﬂi“ com ‘E
Control levels of total plasma cholesterol were significantly greater in the homoyzgous negative, H-/H-, anift ot 1(11
st n |
o : b h < S : : : : : rels were high® N
to the MH positive animals, H-/h + and h+/h + (Tab. 1). In contrast, epinephrine and norepinephrine levels ‘NE
[
positive animals. No differences in the plasma free fatty acids were observed between groups (Tab. 1). Q
¥ LSM
]o\'C‘15 - F\\,h
Exercise had no effect on the plasma levels of cholesterol nor FFAs. but resulted in increased catecholamif® g.;\f T{\r‘k
eld™ \/
I54% 'y

: . i : g . ; ) g ima
animals (Tab. 1). The increases in both epinephrine and norepinephrine were most pronounced in the h +/h + 28

to the other two groups (p < 0.05).
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The oral administration of glucose significantly enhances the levels of total plasma cholesterol in all animals (p < 0.05).
Ve , : :
I, the relative increases were the same between the groups. FFAs levels were unchanged in all animals, whereas with

RN ;
® the catecholamine levels were most dramatically increased in the h+/h+ animals (Tab. 1)

Table 2 provides the post-mortem levels of cholesterol determined for each genotype in each of the three samples (i.e..
""@ngi )
MUs dorsi and supraspinatus muscles, and the liver). For each sample type, the cholesterol levels were greater in the

" Animals followed by the H-/h+ groups with the lowest levels found in the normal animals H-/H-. However, these

Lrp
| . o .
%S did not reach significance perhaps due to the small group sizes.

A
NCLUSIONS

AthUgh these results are preliminary, they do suggest that the cholesterol membrane component and perhaps cholesterol
X .d%hsm in general differs between the animals susceptible to MH (h +/h + and H-/h +) and those which are normal (H-/H-).
I ition, only in those animals which are highly sensitive to the in vivo administration of halothane (h+ /h +) is the release
jitd

v atecl‘lohmines following some sort of stress exaggerated. Perhaps simple physiological tests can be designed using this
o

.
ton thyay will lead to a new, more accurate, but simple assessment of MH susceptibility in swine.

lah

s

;ucomems of cholesterol (Chol.). free fatty acids (FFA) epinephrine (E) and norepinephrine (NE) prior to stress (N), after
Ung on 3 treadmill (E1 and E2) and after application of 2g glucose-monohydrate/kg BM (GTT), obtained from three

e 7.
Otypes of swine.

N El E2 GTT

‘ h+/h+ |bh+/H- |H-/H- |h+/h+ |h+/H-|H-/H- |h+/h+ |h+/H- |H-/H- h+/h+ |h+/H- |H-/H-
1$ n=3 |n=6 |n=3 |[n=3 |n=6 |[n=3 |[n=3 |n=6 |n=3 |n=3 =6 (n=3
}f{ma%) LS\M 82.32 | 75.61 | 108.90 | 83.90 | 75.42|105.01 - - . 99.80 | 83.86 |126.28
iFF\ STD 4.47 3.41 6.5 6.32 4.65 8.55 6.32 4.65 8.55
(ﬁnim/l) LSM 048 | 0.55| 0.46 0.55| 0.67| 0.67 0.63| 090| 0.73 037| 0.36]| 046
I STD 0.06 0.05 0.09 0.08 0.06 0.11 0.09 0.06 0.11 0.10 0.06 0.1l
i(“tngm) LsMm 209| 089 1.42 362 1.13| 3.06| 1512| 1.50| 3.01 509 18| 229
}‘NE STD 1.87 | 1.41 2.67 2 567 11.:96.|503:52 2.64 1:93:{" %35 2.65 1:938) ¢ 352
f(°moln) LSMm 622 492| 3.38 9.19| 793| 7.87| 2476| 4.51| 1.67| 2356 944| 1.52
LS STD 2.84 2.13 4.04 4.02 293 5.33 4.01 2.93 5.33 4.01 293 L33
;:‘/M = leagy square mean values; STD = standard deviations
§/N. _ halothane positive, malignant hyperthermia susceptible

O : halothane negative, malignant hyperthermia susceptible

alothane negative, normal
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Tab.2: Cholesterol content in two muscles (m. long. dorsi = MLD, m. supraspinatus
liver and erythrocytes from three genotypes of swine (mg%)

CHOLESTEROL LEVELS (mg%)

[
N ! T 1 T T
| | pooled data | h+/h+ | h+/H- t H-/H- | t-test
f 1’ =12 sy m=3iack ) =6 (A= at
‘J ; ! (@ ! ® | (o g
| MLD 41.03 44.19 | 39.34 | 3830
(wet weight) | (7.8) | ;
T | |
MSP ! 47.89 | 54.62 | 4617 | 4420 | ab
(wet weight) J (8.3) } [ ae
T ‘ !
liver ’ 276.06 297.74 | 287.37 | 276.85 } -
(wet weight) [ (46.2) | | ,‘
I [ [
| erythrocytes | 396.81 | 41728 | 386.70 | 396.5¢ i
2! (dry matter) [ (21.7) f ! "

pooled data: mean values, () = standard deviations

*

H-/H- = halothane negative, normal
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