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Discussion 

R. Martin: My question is for Don Beerman. Your results 
on the insulin response were quite interesting. I am a little 
confused about the results at the end of your presentation 
regarding the pattern of change in muscle which indicated a 
disproportionate change in RNA and protein, compared to 
DNA, which resembles the kind of response you get when 
there is excess insulin available for protein or muscle growth. 
But, as I recall your insulin data, it appears there is antago- 
nism to insulin and these are conflicting observations. 

D. Beerman: It is a little hard, without good in-vitro data, to 
guess what is going on for acute changes in RNA accretion 
and translation to specific myofibrillar protein end product. 
Based on some of Peter Reed’s rat data, we know that you 
can get a very acute response within four days as Peter 
observed maximum increase in protein accretion in rat mus- 
cles, maximum increase in RNA content in the same mus- 
cles, and with continued treatment up to 28 days saw a fairly 
steady decline in the magnitude of the response. I would 
guess that we see a very early acute increase in RNA 
accretion, based on some unpublished data, and that is 
being translated fairly quickly, so we get a large acute protein 
accretion increase without a concomitant mitotic enhance- 
ment of muscle DNA content increase (division of satellite 
cell, incorporation of satellite cell associated with that muscle 
growth response). With time the DNA complement does 
catch up. Whether protein synthesis per se is increased or 
not, we really don’t have definitive data. Relative to the 
insulin, I would say yes. It makes me rethink what might be 
the necessary normal physiological range rquired to maintain 
normal protein balance and/or allow for increased protein 
accretion. If we can stimulate muscle growth to that extent in 
a fairly acute situation, plus on a chronic basis, with signifi- 
cantly reduced insulin concentration, then I have to wonder 
how important insulin is in the regulation of normal protein 
turnover. It is very definitive from the rat data that it is 
important-stimulates synthesis, inhibits degradation, but 
here we have to stop, I think, and ask what the relationship of 
insulin to these processes is. 

Martin: If we go back to the last table that had all the 
muscle data, it appears that the response was more for an 
RNA-to-DNA ratio increase and a protein-to-DNA ratio in- 
crease at the end of the trial. 

Beerman: The response was larger at seven weeks than 
at 12 weeks. The DNA concentration had dropped signifi- 
cantly at seven weeks and was not different between treat- 
ment and control groups at 12 weeks. The disproportionate 
ratios were at seven weeks when there were higher protein- 
to-DNA and higher RNA-to-DNA ratios. There were more 
normal ratios at 12 weeks. 

Martin: That would reflect a more insulin-stimulated state 
at the earlier period. 

Beerman: Potentially, yes. This is the big question I have 
based on the acute response. How important is that in the 
very early stages of the stimulated muscle growth response? 
Do we see in ruminants something like what Ed Convey 
apparently sees in pigs? Can we translate some of that to an 
expected protein accretion in association with increased rate 
of gain? Is there some sort of acute insulin stimulation and 
driving of the system by insulin? I don’t know. 

Y. Lee: I want to comment on Steve Smith’s remarks about 
proliferation and differentiation of adipose tissue. Our prelimi- 
nary study with muscle tissue culture indicated that matura- 
tion is enhanced but proliferation is not. The DNA content 
was really lower than the control muscle in tissue culture. It 
seems to me that it fits the pattern in the live animal that the 
beta agonist enhances the growth potential within a short 
period of time and that after a certain period the growth levels 
off. In lambs we don’t see any response after six weeks. The 
most response will be seen in the first six weeks of feeding 
and in the rat study the most response was in the first week. If 
you look at the longissimus muscle, you find it is very 
compact. There is no intracellular space. It seems the muscle 
cannot grow beyond the boundary of the epimysium. I don’t 
know about the degradation or synthesis but our work shows 
there is improved nitrogen retention. It seems to me, with the 
in-vitro system, it enhances the maturation, differentiation 
route and proliferation. 

Beerman: Yu Bang, I should have acknowledged your 
lamb work because Lee and Kim have shown that eight 
weeks of somaterol administration resulted in a 50% reduc- 
tion in DNA concentration in two different muscles. If you look 
at the RNA:DNA ratios at seven weeks versus 12 weeks in 
our study, the ratios are more what you would expect to find 
in a more mature animal. In that regard, the data agrees with 
what you said. 

S. Smith: I hope you were not assuming that I was saying 
there was increased proliferation, or evidence for that, al- 
though l agree with Don Beerman that in the long term, there 
may be proliferative effects in the satellite cells. The kind of 
things we are measuring right now look particularly at the 
synthesis or the hypertrophy of the muscle and that seems to 
go along with what you say. 

B. Marsh: Is there any evidence that these agents have 
any effect on the eating quality of meat? 

Smith: I can comment only on our studies. We have not 
fed any of the meat to taste panelists. We have looked at 
shear force in our lambs and we are not sure whether the 
difference is due to cold shortening or the effect of the 
compound on the muscle itself, but we got a doubling of the 
Warner Bratzler shear force in longissimus muscle of 
clenbuterol-treated lambs relative to the control. The muscle 
is tougher and we also see this in cattle. One thing we can’t 
quite explain in our last study with cattle that were fed 
clenbuterol 50 days, then withdrawn 90 days, was a very 
visible and measurable difference in texture of the meat. The 
treated muscle was much more grainy and when we looked 
at fiber diameter and fiber type we could not see a basis for 
this. In our work, carcass quality grade does seem to be 
affected by clenbuterol but I have no idea how true eating 
quality has been affected. 

Beerman: We did lnstron shear values for both biceps 
femoris and longissimus muscles in the ram lamb study, 
using 10 ppm somaterol. We probably did not age the 
carcasses long enough before we removed the samples and 
cooked them. There were no significant differences but the 
shear values were very high in both the control and treated 
animal muscles. That still needs some effort. The Davis, CA 
group has observed some decreases in tenderness so I think 
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this needs some significant effort. 
E. Convey: We are now doing an experiment with our 

compound in Ireland that is going to address that question. 
The discussion behind the scenes at Brussels with people in 

Europe working on beta agonists suggests there is an in- 
crease in shear force in muscles from animals treated with 
beta agonists. I agree this is an area that is going to have to 
be looked at seriously. 




