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Pigo „Sm wpl“-ch controls the abnormal rate of glycogenolysis associated with pale, soft, exudative
ljCePttatioSC'''? unknown. Our experiment was designed to test the significance of cyclic-AMP (c-AMP) 

'Ks^^Pine01?? ^  *’̂ e f°rmataon of PSE muscles, Treatments included venous injection of saline (I), 
jjĵ Suingj.̂  ■*■)> isobutyl methylxathine (IBMX) (III) or IBMX plus epinephrine (IV). At 3 min post­
il aPd xy °n> concentrations in the longissimus muscles were 1437, 3118, 2404 and 6674 for I, II,
te8̂ t0uPs jj7esPectively; while pH of the muscles at 60 min were 6.25, 5.60, 5.80, and 5.62. All muscles 

xn(j ’ and IV were PSE, according to reflectance measurements and visual evaluation. These 
V'j.̂ PhrXrig cate that elevation of c-AMP, either by increased synthesis, as a result of elevation in

Lncreage°r decrease in degradation, which was produced artificially with IBMX in our experiment, 
fate of glycogenolysis and thus produce PSE pork.
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Der die abnoraiale Zuckerspaltung ln blassen, welchen, exudatlven (PSE) Schweine"^ akel kontrollierende 
Mechanismus Ist nicht bekannt. Unser Experiment war dazu bestimmt, die Bedeutung der Konzentrationen 
von zyklischem AMP (c-AMP) bei der Bildung von PSE-Muskeln zu bestimmen. Die Verfahren umfassten 
Intravenöse Einspritzungen von Salzlösung (I), Adrenalin (II), Isobutyl-Methylzathln (IBMX) (III) 
oder IBMX mit Adrenalin (IV). Drei Minuten nach Ausblutung waren die c-AMP Konzentrationswerte 1® 
Longlasimus fUr I, II, III, und IV resp. 1437, 3118, 2404 und 6674; die pH-Werte la Muskel nach 60 
min waren dabei 6,25, 5,60, 5,60, 5,80 und 5,62. Sämtliche Muskeln der Gruppen II, III und IV waren 
nach Reflektierungsmessungen und visueller Auswertung blass, welch und exudatlv (PSE). Die Ergebnl»** 
weisen darauf hin, daas die Anhebung von c-AMP, entweder durch erhöhte Synthese mittels Adrenallner- 
höhung, oder durch verringerte Degradation (kUnatlich durch IBMX in unserem Experiment hervorgeruf*n^’ 
den Zuckerspaltungsprozess erhöht und somit PSE-Schweinefleisch erzeugt.

KOHUEHTPAUMM UHKJIMECKOrO AJIEIIO3MH-M0H0POC®ATA (AM«) h EM3 CBMHVIHA 
KaTcyoTo Oho h ToMac r. AjixeH.
Hay'THo-uccjiejioBaTejibCKaH jiaö'opaTopna no na/'Ke t.inca, Hayquo- MCCJieflOBaTeJIbCKHM HHCTHTyT no CeZIbCKOX03HHCTBeHHO!«y cßbrry, Cent-CKoxoaHHCTHOHnaH HaytiHo-uccjianoBaTeJibCKaH cJiysrtfa ?iHHHCTeocTBa cejiBCKoro xo3HHCTBa CiilA, r, Eojitcbmjib , iüt. AopHjienfl 20705, CUIA
MexaHH3H, KOH'rponiipyioinMM HeHopwanbHyio cTeneHB rHjiüonH3a rnwKoreHa CBH3aHHOrO C ÖJiepHHM, MHTKHM, SKCCyuaTKBHHM (EMS) CBHHbIK MyCKO-
jiom q o c e ;ie  HeM 3BecTen. B narnew sKcnepuM eHTe mm HaHepeBam icB o n p e -  
neJiKTb 3Ha'ieHwe KOHqeHTpaqHH qM K JiK ie cK oro  AM® (q -A M ® ) np q  qiopMH- 
posaHMH EMS l.iycKOJioB. ripHMenneMbie MeToqM BKjqouajiH BcnowcKiiBaHwe 
b seH y c o n e u o ro  oac-t b ooa ( I ) ,  snwHepowHa ( I I ) ,  K3o6yTKJi-r<eTHJi- KcaTHHa (HEMK) ( in) wjih HEMK c anKHe$pnHOM ( IV ). 3a 3 muh 
n o c jie  oöecK poB jn iB aH H H , 3HaqeHHH KOHqeHTpaqqM q—AM® b .nusculus longissim us cocTaBJiHxni 1437, 3118, 2404 h 6674 wih I, . II,III and IV rpynn coot- BeTCTBeKno; itpk otom pH nocjie. 60 muh coc’1 as.nsjiH 6,25,5,60, 5,80 h 5,62. Bce MyoKyjiti b rpynnax II,III,IV 6 kuih EM 3 (co- rjiacno H3t.iepeHHHM oTpâ aTeJitHoi! ciiocoÖkoctk h BM3yanBHoK oqeHKe).Po3yjiBTaTH noKa3HBaioT, qto yBeniiveHwe qAA'.i® jn-iöo nyTeq ycqjieHHoro 
ckhto3a (b po3yjitTaTe yBeJixqeKHoro onKHecjapnHa), ni-iöo nocpe.i’CTnoq 
ch:::kohhh aerpanaqmi (BussaHnoro HCKycTBenno b qaaeM 3!ccnooqMo:iT3 c noMomtra T1-..UC), homboiut k yBenaiaHiix) cTenena raapoflnaa rjiMKoraqa 
m , tom ch ' :h m , npOH3BOflMT EMS CBT'qqqy.



B 7:3
CONCENTRATION AND PALE, SOFT AND EXUDATIVE PORK

K
°N0 and T. G. ALTHEN

Ben Sclence Research Laboratory, Agricultural Research Service, United States Department of Agriculture, 
sville, Maryland 20705

Il*TRoi

Th,
A ction

(pS£,?ecflanism that controls the abnormal rate of glycogenolysis associated with pale, soft, exudative 
stFg P°rk is unknown. Cyclic-AMP controls the rate of glycogenolysis by serving as a mediator for the 
19?6®S hormone, epinephrine (Sutherland et al. , 1965; 196.6). Results from our laboratory (Ono, et al., 
n°rin '*'nhicated that cyclic-AMP is higher in muscles from stress-susceptible (SS) than in muscles from 
eleva Prgs. Since postmortem the muscles from SS pigs tend to become PSE, the effect of artificially 
h°w c~AMP levels might provide insight into the mechanism that is responsible for PSE muscle. WeUOty J ~  ‘ “ i t  I C V C i a  U l-LgUL. J J 1 U V 1 U C  J - U O ig U L  iU L W  ------------- x

escribe the effects of elevating c-AMP levels either by increasing the rate of synthesis through 
vbic^ ^ r^ne stimulation or by decreasing the rate of degradation by use of isobutyl methylxanthine (I.

T rials

hs a powerful inhibitor for phosphodiesterase (Beavo, et al., 1971).
(IBMX)

AND METHODS
Si;Xteetl
ti

Catb0^y^anSed from 7 to 69 Sigma units which is within the normal range. All pigs were placed on a high

detgjJ”? cr°ss-bred pigs, each weighing about 90 kilograms, were screened for stress susceptibility by 
vm V*ing their serum creatine phosphokinase (CPK) activities (Allen and Patterson, 1971). The CPK

¡rigned15Gti

:ate diet (25% dextrose), ad libitum, for 4 to 5 days prior to slaughter. The pigs were randomly 
Group I received saline injections

15
to four groups, and treated, before slaughter, as follows: 

ou and 5 min pre-exsanguination; Group II received saline at 15 and epinephrine (5.5 mg/kg) at 5 min; 
an/11 re°eived IBMX (10 mg/kg) at 15 and saline at 5 min; Group IV received IBMX and epinephrine atand 5 min* respectively.

lonĝ
liquidS^ s muscles were excised at 3, 10, 30, and 60 min post-exsanguination and frozen immediately in 
at ^^^on^tro8on. The entire frozen samples were pulverized with a Sorvall Omnimixer homogenizer and kept 

^ until analysis.
Cyc^̂
^r°tei Was determined by the competitive protein-binding technique (Gilman, 1970). Protein kinase and 

dot- ^ nase inhibitor were obtained from Sigma Chemical Company, St. Louis, Missouri, U.S.A. Glycogen 
10 s ' ^ i n e d  by the method of Somogyi (1934). One g of the powdered frozen muscle was blended for 

n 10 ml of .05M iodoacetate and the resulting pH was determined with a combination electrode. 
sPectr ance °f the longissimus muscle excised at 24 hours post-exsanguination was measured in the blue 

region by use of a TriColorPhoto instrument.

^  discussion

c"AMp ^an8uination administration of epinephrine, IBMX, or a combination of both, significantly elevated 
Vels at 3 min post-exsanguination (Table 1).

Table 1. Effects of epinephrine and isobutyl methylxanthine (IBMX) 
on cyclic-AMP levels in pig longissimus muscle at 3 min 

post-exsanguination

Treatment Picomoles c-AMP/g muscle

Saline 1437 ± 115a

Epinephrine

IBMX

3118 ± 304°

2404 ± 318°

IBMX plus Epinephrine 6674 ± 207°

a»b,c,d Means ± SEM having different superscripts are significantly 
'n, different from each other (P=.05).

in
in c-AMP concentrations were accompanied by abnormally rapid rates of glycogenolysis as 

for tlle glycogen values that were lower at 3 and 60 min for the epinephrine and IMBX-treated 
lBMx^Sa'1'ine“treated pigs (Table 2). Also 60 min pH values were significantly lower for the epinephrine 

trcated pigs than for saline-treated pigs.
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Table 2. Glycogen and pH values in longissimus muscles

Treatment
Glycogen

(pmoles glucosyl unlts/g muscle) pH
3 min 60 min 60 min

Saline

Epinephrine

IBMX

I’BMX plus Epinephrine

6 0 . 4 + 5 . 5 b 2 9 . 8 ± 6 . 2 C 6 . 2 5 + . 2 1 c

3 7 . 5 + 4 . 3 a 9 . 0 + 1 . 3 a 5 . 6 0 + . 0 6 a

4 0 . 0 + 4 . 8 a 1 5 . 7 + 4 . 0 b 5 . 8 0 + . 1 2 b

4 0 . 6 + 3 . 5 a 1 1 . 4 + 2 . 3 b 5 . 6 2 + . 0 5 a

There were 4 pigs per treatment.
a,b,c Means ± SEM having different superscripts, in the same column, are significantly 

different from each other (P=.05).

Rapid decrease in muscle pH value is a symptom of PSE pork. Reflectance measurement and visual eva u  ̂
indicated that all muscles treated with epinephrine or IBMX were PSE (Table 3). The one saline-trea 
pigs which turned PSE had c-AMP values of 1600 picomoles/g muscle, which was the highest in this gr0

ti 0 (t

Table 3. Reflectance and sensory evaluation of longissimus muscle

Treatment Reflectance Sensory

Saline 20.2 (3)1 Normal (3)
30-0 (1) PSE (1)

Epinephrine 27.8 (4) PSE (4)

IBMX 27.4 (4) PSE (4)

IBMX plus epinephrine 29.0 (4) PSE (4)

1 Numbers in parenthesis denote number of pigs.
si®Our experiment shows that PSE pork can be produced consistently either by increasing rate of synthe pgE 

by decreasing rate of degradation of c-AMP. The results imply that one mechanism in the formation 
muscle involves the factor that controls cyclic AMP levels.

REFERENCES

Allen, W. M. and D. S. P. Patterson. 1971. The possible relationship between plasma creatine ty
kinase activity and muscle characteristics in the pig. In Proc. 2nd. Int. Symp. Condition Meat Qu 
Pigs. p. 90. Zeist, Pudoc, Wageringen, The Netherlands.

Beavo, J. A., N. L. Rogers, 0. B. Crofford, C. E. Baird, J. G. Hardman, E. W. Sutherland, and E. v' jj. 
Neuman. 1971. Effects of phosphodiesterase inhibition on cyclic AMP levels and on lipolysis. Atin' 
Acad. Sci. 185:129.

Ac3‘
Gilman, A. G. 1970. A protein binding assay for adenosine 3',5'-cyclic monophosphate. Proc. Nat- 
Sci. U.S.A. 67:305.

Ono, K., D. G. Topel and T. G. Althen. 1976. Cyclic AMP in longissimus muscle from control and s 
susceptible pigs. J. Food Sci. 41:108.

Somogyi, M. 1934. The solubility and preparation of phosphorus- and nitrogen-free glycogen. 
J. Biol. Chem. 104:245.

Sutherland, E. W., I. Oye and R. W. Butcher, 
cyclase system in hormone action. In "Recent 
New York.

1965. The action of epinephrine and the role of 
Progress in Hormone Research," p. 623. Academic

adenY1 
press>

Sutherland, E. W. and G. A. Robinson. 1966. Metabolic effects of catecholamines. A. The role of 
cyclic 3',5'-AMP in response to catecholamines and other hormones. Pharmol. Rev. 18.145.

Mention of trade names does not imply endorsement by the U.S. Government.




