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E f f e c t  o f  b r i n e  i n j e c t i o n  o n  e n e r g y  c a t a b o l i s m  : 

p - 3 l  N M R  s t u d i e s  o n  b i c e p s  b r a c h i i  r a b b i t  m u s c l e
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°f high
^ g e s ,

energy phosphate compounds was examined by P-31 NMR spectroscopy, in rabbit muscle. The time-dependent p o st
Were analyzed for different technological treatments. The rabbits were anaesthetized, and the Biceps Brachii muscle was 

E ffu se d  h°y artery. The simulated death of the muscle was performed by stopping the perfusion. The brine was immediately 
11110 the a« •“aerial system. NMR experiments are performed at 162 MHz on a home-built P-31, H-l tuned probe. The temperature in 
n Probe w as maintained either at 20° or 4°C. Thus, it is possible to keep muscle metabolism stable, and to monitor the initial

Ie brine. 
C t I O N

Pre-riis 8or meat induces a higher Water Holding Capacity. Hamm (1977) pointed out that salt accelerated the breakdown of ATP. 
tt>is W orlr ■k K ls to study, by P-31 NMR spectroscopy, the catabolism of high energy phosphate compounds in muscle injected with 

^Pendent po st mortem  changes, for different technological treatments, are analyzed.
A

a n d m e t h o d
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anaesthetized using intravenous administration of sodium pentobarbital (50 mg/kg). The B iceps Brachii muscle (73% of

sPetf,
15

c fibres) was exposed, axillary arteries were ligated and cut before the Krebs perfusion initiated by artery. The rate of 
mi/min/g muscle. The muscle was removed to be placed in the specifically designed probe. The simulated death of the

0rmed by stopping the perfusion. The brine (5 M or 3 M NaCl) was immediately injected 15% w/w into the arterial system.
\

•nient
" 'e r e acquired on a Bruker AM 400 wide-bore

\  °Peimting at 162 MHz using a home-built double tuned
" Perform experiments with perfused muscle. The 

•re.N e n\  3i nc  ̂ c°Us are made of copper film on a removable
V  P*n d lH

4. N
^•The

saddle coils have diameters of 28 mm and 2 2

V
k 1 ne matching and tuning capacitors are at the top of
‘tk

l 0f
% ttle Probe. The muscle was fixed onto a removable
)̂\Vj bead of the probe. Temperature was controlled 

Pi8 1 • :

J Mth a
"'ater jacket placed at the top of the NMR probe.f it N 'M r probe for perfused muscle

Water Jacket
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Maximum field homogeneity was obtained by optimization of the water proton spectrum of the muscle to obtain the half wid ^
o 1 g of 20 rHz. Each spectrum is an average of 256 scans accumulated over a total time of 7 minutes, with 8 K points. 10° Puls 

bandwidth of 6200 Hz were used. Data manipulation were carried out on a SUN4 work-station. An exponential l in e -b ro a d e  

was applied before Fourier transformation. Chemical shifts were expressed with respect to phosphocreatine.

of 2"'

RESULTS AND DISCUSSION

Stability of muscle
in i t i a l  con c« nlWith this experimental system, it was possible to keep muscle metabolism stable, and thus to monitor the initial c

✓

the tisŝphosphorylated metabolites. Some traits of catabolism were investigated without producing twitching or damage to
Bicep5

insertion into NMR tubes. The whole muscle was examined in the probe.The figure 2 shows the P-31 NMR spectrum r°
,a L C ( P U P l,o s p l l< f f f ,J I .> ’

pH»«*51"
muscle perfused for 40 minutes. The five peaks correspond to phosphorylated metabolites : inorganic phosphate 
and y, oc, P phosphate group of ATP. The 7.2 pH value measured from the chemical shift of Pi agrees with the 
(Bendall 1973).

P o st m o r tem  changes and intracellular acidosis
The p o st m ortem  pH variation was well fitted with a linear regression program giving a pH drop rate of 1.9 x 10‘- pH urUt ^
1.7 x 10‘ 3 at 4°C. When temperature was lowered, a decrease in pH rate was observed in agreement with the work °f ®e

sh o w s  ih e psalted muscles, the pH experimental data were always best fitted with a non linear regression program. The figure -
during the first 500 min post mortem  at 4°C. Temperature affects the pK values of the muscle buffers (camosine) and the p

H is e*Pel

P C r F i g  2 :  P - 3 1  N M K* i g  z  • r —  -  0
S p e c t r u m  f r o m  B i c e p s  B r

P e r f u s i o n 40 minuteS 
pH : 7-2
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F i g . 3  : B r i n e  e f f e c t  o n  i n t r a m u s c u l a r  p o s t  m o r t e m  p H  v a r i a t i o n  ( 4 ° C )
j t #

N o - u n its °n lowering the temperature from 20 to 0°C. To permit comparison of the data, the time for pH to reach 6.4 (20°C) or 
ned and reported in table 1. This time decreases drastically with the injection of brine and is dependent on the NaCl 

gure 4 ) Dalrymple & Hamm (1974) noted a slight increase in the rate of lactate build-up during the first hours p o st mortem
in

%

'the.rate (,f glycogen breakdown in ground salted pre-rigor beef muscle. In p o st m ortem  muscle, glycogen is broken down 
\  r e 'S P O n s ib le  f o r  iu the formation of lactic acid which accounts for the pH decline. In our experimental conditions, our NaCl
\,k m brine was 10 times higher than in their experiments (0.3M ) and the increase in NaCl increased the dH dron rate‘<tt r  *
V  evel remains constant in the presence of phosphocreatine, the rate of PCr drop was also informative of glycolysis rate, 

'■ 'tperi'iq,. utents, the ATP, and PCr levels were followed (Fig.4). The PCr data were fitted with a mono exponential decay giving a
\ ith Wlth NaCl concentration in brine (Table 1 and fig. 4). The ATP variation is described by its time of half life, which 
, n brin

A'l'Pi
e mjection. Our results on ATP breakdown are in agreement with Hamm (1977) who noted an increase in the rate of 
ltlt0 fh4P with the addition of 2% NaCl to ground pre-rigor beef muscle.

Table 1  : Effect of temperature and NaCl Concentr ation on post m ortem  kinetics parameters

'R atu re 20°C 4T:
lb,aCi]

Time (pH=6.4) ATP t]/2 RpcrX 10’ 3 Time (pH=6 .6 ) ATP t]/2 Rpc x 1 0 -3

(min) (min) (min-') (min) (min) (min'1)

300 400 8.4 600 500 3.8

30 <30 >60 300 150 8.9
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F i g . 4  :  E f f e c t  o f  N a C l  c o n c e n t r a t i o n  o n  p o s t  m o r t e m  k i n e t i c s  p a r a m e t e r s  ( 2 0 ° C )

CONCLUSION ntiOSPe f2 y  pi
The energy metabolism in ex vivo  muscle can be monitored with the designed NMR probe. The level of hirh pro^^
metabolites in ex vivo  muscle can be determined and the p o st m ortem  changes were determined for different tech 
NaCl concentration in brine increased the catabolism: increase in pH fall rate, in ATP and PCr breakdown. The tempe

ft (

in the kinetics of rigor mortis onset. Further studies are in progress to confirm and extend these experiments.
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