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The modifying effects of oxytocin on stress-induced changes in post-mortem muscle glycolysis in pigs 

G. S. G. Spencer, L.J. Wilkins and D. Lister 

A. R. C. Meat Research Institute, Langford, Bristol BS18 7D Y (England), 30 June 1980 

Summary. The effect of ante-mortem i.m. administration of oxytocin on post-mortem muscle metabolism in Pietrain pigs 
was examined. Treatment with oxytocin significantly retarded post-mortem glycolysis and stopped the production of pale, 
soft, exudative meat. 

Catecholamines, such as adrenaline and noradrenaline, are 
the principal stress hormones in many species of animals. 
The release and actions of catecholamines may be in- 
fiuenced by a number of factors, and it was to investigate 
the interaction between endogenously produced catechol- 
amines and oxytocin that this study was undertaken. 
Oxytocin is synthesized in the supraoptic and paraventricu- 
lar nuclei of the hypothalamus and released from the 
posterior lobe of the pituitary body. Release of oxytocin is 
under the control of the central nervous system and is 
effected by catecholamines. One of the most important 
situations in which oxytocin is secreted is during suckling 1 
and it is well established that oxytocin release 2 and milk 
ejection 3 are not observed under stressful conditions. Fur- 
thermore, it is also known that the effects of exogenous 
oxytocin are markedly reduced by physiological levels of 
adrenaline such as are found in stress 4. There is, therefore, 
some circumstantial evidence of an interrelationship be- 
tween oxytocin, catecholamines and stress. The effects of 
oxytocin on the actions of stress-induced catecholamines 
were, therefore, studied in pigs. 
A well-known effect of pre-slaughter stress in pigs is the 
occurrence of pale, soft, exudative (PSE) meat in the 
carcases of the pigs post-mortem. This condition is more 
prevalent in the carcases of certain breeds of pig 5 and these 
are often called stress-susceptible breeds. Pigs of the Pie- 
train breed tend to be of the stress-susceptible type and 
produce PSE meat. This is believed to be a result of an 
enhanced sensitivity of the autonomic nervous system, 
producing a higher potential noradrenaline output to stim- 
ulation of the sympathetic nervous system 6. 
In this study the effect of administration of oxytocin on the 
post-mortem metabolism and ultimate meat quality of 
Pietrain pigs was examined. 
Materials and methods. 22 pork weight Pietrain pigs (68___ 10 
kg live weight) were used. 10 pigs (6 males and 4 females) 
were given oxytocin (Sigma) i.m. 5 min before slaughter 
and 12 pigs (7 males and 5 females) received saline i.m. The 
oxytocin-treated pigs received approximately 2.5 units/kg, 
(150-200 units) of oxytocin in a volume of 0.5 ml. The 
control pigs received a similar volume of saline. 5 min after 
treatment the pigs were electrically stunned and exsangui- 
nated under normal commercial slaughter conditions. Sam- 
pies of muscle were taken from M. longissimus dorsi at 
5 rain, 45 min and 24 h after death and tested for pH, 

glycogen and lactate levels. A sample was taken at 24 h 
after death for estimation of drip loss. 
The muscle pH was determined by macerating approx- 
imately 1 g of muscle in 10 ml 5 mM sodium iodoacetate 
(pH 7.0) containing 0.15 M KC1. The pH of the resultant 
homogenate was measured using a Radiometer pH meter. 
Glycogen was measured by a modification of the caustic 
digestion a n d  alcoholic precipitation method 7. Approx- 
imately 0.5 g of weighed muscle were macerated in 5 ml of 
3% perchloric acid and centrifuged. The lactate levels in the 
resultant supernatants were determined using the method 
of Gutmann and Wahlefeld 8. Drip loss was measured from 
slices of longissimus dorsi muscle removed 24 h after death, 
according to the procedure described by Taylor and Dant 9, 
and plasma catecholamines were determined fluorimetri- 
cally 1~ 
Results and discussion. The accumulation of lactic acid in 
the muscle of the oxytocin-treated pigs was less than in the 
saline treated pigs (table), and the final concentration of 
lactate in the muscle at 24 h post-mortem was significantly 
higher in the saline treated controls (p< 0.01). This differ- 
ence in acidification produced significant changes in the 
pH of the muscles at both 45 min (p<0.01) and 24 h 
(p<0.01) post-mortem; the pH being higher in the oxyto- 
cin-treated pigs. A more direct measurement of post- 
mortem muscle glycolysis, i.e. muscle glycogen content, 
showed no significant differences between the 2 groups; 
however, the rate of glycogen loss was significantly reduced 
in the oxytocin-treated pigs (p < 0.001). 
As a direct measurement of meat quality, the loss of water 
as drip was measured. The drip loss was also significantly 
reduced in the oxytocin-treated pigs (p< 0.05). There was 
no difference in any measured parameter between males 
and females in either the treated or control groups. 
The results of this experiment show that treatment with 
oxytocin (albeit in high doses) can significantly slow the 
rate of post-mortem glycolysis in Pietrain pigs. The effect 
was sufficient that none of the carcases in the oxytocin- 
treated group exhibited PSE meat. Preliminary studies in 
our laboratory however, indicated that lower doses of 
oxytocin (~< 50 units) had less effect on the slowing of post- 
mortem metabolism. 
Fluorimetric analysis of slaughter blood for catecholamines 
,showed no difference in the levels of either adrenaline 
(14.1_2.5 gg/1 and 16.1+4.2 gg/1) or noradrenaline 

The pH and lactate levels at 5 rain, 45 min and 24 h post-mortem, the changes in glycogen between 5 and 45 min post-mortem and the 
drip loss in longissimus dorsi of oxytocin-treated and control pigs expressed as the mean _+ SEM 

pH A glycogen Lactate (gmole/g) Drip 
(mg/g) 

5 mm 45 min 24 h 5-45 rain 5 min 45 min 24 h (%) 

Oxytocin 6.68+0.08 6.39+0.11 5.79+0.02 0.275+0.37 39.93+2.93 64.62+8.19 84.97+3.75 10.66+0.99 
Control 6.57+0.06 5.96+0.07 5.61+0.05 2.171+0.12 50.46+3.43 88.33+5.22 106.62+3.93 13.96+0.90 
n 22 22 19 22 17 18 19 17 
p n . s .  * *  * *  * ~ ' *  * * * *  * 

* p<0.05; ** p<0.01; *** p <0.001 by Student's t-test. 
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(28.8_+ 5.2 lag/1 and  28 .6+8 .5  p,g/1) be tween  the oxytocin 
and  sal ine- t reated pigs respectively. Thus,  i f  PSE mea t  is 
the result  of  a s t ress- induced ca techo lamine  release, this 
f inding suggests tha t  oxytocin modif ies  the act ion of  the 
ca techolamines  ra ther  than  thei r  release. 
Ma l ignan t  hype r the rmia  is a we l l -documented  react ion 
which occurs in stress-susceptible pigs fol lowing exposure 
to ha lo thane  anaesthesia .  It has  b e e n  proposed  tha t  the  
mechan i sms  which produce  ma l ignan t  hype r t he r m i a  (irre- 
versible lacticacidosis) are s imilar  to those which br ing  
abou t  PSE m e a t " .  In 2 pigs which  were given oxytocin 

dur ing  an  es tabl ished hype r the rmic  react ion ( tha t  is, the 
lacticacidosis was sufficient  tha t  the b lood  pH was less t han  
7.00) the react ion con t inued  its usual  fatal  course. However ,  
in 1 pig which  was given oxytocin af ter  ha lo thane ,  bu t  
before  the b lood  p H  reached  the critical level of  7.00, the 
react ion was ha l ted  (personal  observat ions) .  
The  physiological  impl ica t ions  o f  these f indings require  
fu r ther  invest igat ions  of  the effects of  oxytocin and  cate-  
cho lamines  on  receptors  in skeletal  muscle,  bu t  may  pro- 
vide a useful  tool for the inves t igat ion of  the PSE condi t ion  
in pig meat .  
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Effect of continuous light on the blood and urinary sugar levels in alloxan diabetic rats 
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Summary. Cont inuous  light decreases the rise in b lood glucose and the excret ion of  ur inary  glucose, a long with increased 
urine volume,  in al loxan diabetic rats. 

It is now well known  that  adrenocor t ica l  hypersecre t ion 2 4 
and hyperglycemia s commonly  accompany the onset  o f  
al loxan diabetes.  Exton et al. 6 have noted  that  adrenalecto-  
my reduces, and glucocorticoid t r ea tment  restores, glucose 
output  f rom liver in al loxan diabet ic  rats. Since cont inuous  
exposure to light inhibi ts  no rmal  secretion of  adrenocort i -  
cal ho rmones  7 and appears  to counteract  the adrenocor t ica l  
hyperactivity in the al loxan diabet ic  rat 8,9 the present  
exper iment  has been  unde r t aken  to de te rmine  whe ther  
constant  i l lumina t ion  can prevent  hyperglycemia in al loxan 
diabetes. 
Materials and methods. 24 adult  female  rats ma in t a ined  at 
34 ~ with 10 h i l lumina t ion  daily were used. The  rats were 
fed a diet  of  'Hind lever  Rat  Chow'  and  water  ad l ibi tum. 
Samples of  urine were collected every 24 h in flasks f rom 
all the rats with 0.5 ml of  a mixture  conta in ing 1.2% each of  

penicillin and streptomycin,  sa tura ted  with thymol  to avoid 
bacterial  con tamina t ion  of the urine. Ur ine  volumes  were 
measured  at the end of  the 24-h period. 18 rats on  48 h 
fasting were given a single i.m. inject ion of  a l loxan (BDH,  
London)  at a dose level of  7 rag /100  g b.wt, and  the 
remain ing  6 control  rats received a measured  a m o u n t  of  
saline. After  3 days b lood was ob ta ined  from all the rats by 
cardiac punc ture  under  anesthesia.  Blood and ur inary glu- 
cose content  were es t imated by the methods  of  Fol in  and  
Wu 1~ and  Benedict  11 respectively. 12 al loxanized rats with  
exhibi ted a b lood sugar  level wi th in  the range of  450-500 
mg/100  ml were divided equally into 2 groups. 6 al loxan 
treated rats were then exposed to cont inuous  light. I l lumi-  
nat ion (40 W) was provided by an  overhead  f luorescent  
bulb  (cool white).  6 o ther  t reated animals,  and  6 controls,  
were kept  in LD (l ight-darkness)  cycles of  10:14 h. After  14 

Table 1. Effect of continuous light on the blood glucose of alloxan diabetic rats 

Treatment Blood glucose Blood glucose Adrenal Initial Body weight 
after 3 days after 17 days wt mg/100 g body weight after 17 days 
mg % mg % body weight 

Control 101.02• 1.61 * 98.45-+ 0.67 15.81 • 0.32 147.51 _+ 0.80 169.04+ 0.61 
Diabetic 457.23 -+ 1.68 664.18 _+ 3.91 28.97 _+ 0.58 147.42 _+ 0.42 133.98 _+ 0.51 
Diabetic+ light 462.51 _+ 2.10 349.30_+ 2.51 18.49_+ 0.36 147.33 _+ 0.58 153.63 • 0.35 

p-value: 
Control vs diabetes < 0.001 < 0.001 < 0.001 N S < 0.001 
Control vs diabetes + light < 0.001 < 0.001 < 0.01 N S < 0.001 
Diabetes vs diabetes + light NS < 0.001 < 0.001 NS < 0.001 

Mean + SE; NS, indicates statistically not significant. 


