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Different muscles of a single animal  differ in their contents of the dipeptides carnosine and anserine, which are 
specific components of muscle. The contents of these dipeptides vary paral le l  with the working capaci ty  of the muscles 
[9], and muscles which carry a large functional load have a higher carnosine content,  irrespective of their color or of 
their percentage content of tonic fibers [8, 9, 12]. 

Frog sartorius muscle has been found to h ive  a higher content of these dipeptides in its middle,  " innervated" seg- 
ment  than in the "nerveless" distal and proximal segments [1, 4]. 

Only carnosine is present in frog muscles, whereas rabbit  muscles contain both of the dipeptides.  The object  of 
the present research was to determine the carnosine and anserine contents of different segments of rabbit  plantaris 
muscle, before and after denervation. 

E X P E R I M E N T A L  M E T H O D S  

Muscles taken from adult male  rabbits were used in our experiments.  The muscle was denervated by transection 
of the sciat ic  nerve at the level  of the upper third of the femur. The contralateral  nerve of the opposite l imb was left  
intact ,  and the muscle served as the control. The rabbits were ki l led 12-14 days after the operation.  The muscles 
were excised from the operated and intact  l imb immedia te ly  after decapi ta t ion  of the animals,  and were plunged ir~to 
liquid nitrogen. After they had thawed slightly, the muscles were cut transversely into 5 segments of equal length. So 
as to have sufficient mater ia l  for analysis, the corresponding segments of denervated and intact  muscles of 2-4 rabbits 
were pooled. Each portion was frozen in liquid nitrogen, ground to a powder in a mortar, weighed, and extracted with 
4 volumes of 5% tr ichloroacet ic  acid.  The extracts were centrifuged, and the supematants were taken for analysis. 
The sediments were not washed, and in calcula t ing the content of dipeptides the water content of the portion of muscles 
was taken into account [5]. 

TABLE I. Dipeptide Contents of the Lower and Upper 

Half of Rabbit Plantar Muscle (Milligrams Percent of Wet 
Weight) 

Date of ex-  

periment (1981 

Carnosine 

proxima I distal  

A nserine 

proximal! distal  

Mean 

19/XI 
22/XI 
23/XI 
26/XI 
21/XII 

98 
121 
115 
134 
102 

114 

117 
161 
130 
172 
131 

142 

m 

303 
290 

296 

360 
330 

345 

The dipeptides were precipi ta ted from the t r ichloro-  
acet ic  acid supernatant by adding Hopkins' reagent  and 

alcohol,  The mercury salts of the dipeptides were decom-  
posed by t reatment  with hydrogen sulfide, and the sulfide 
prec ip i ta te  was separated by fi l tration,  and washed repea ted ly  
with hot water. The f i l t ra te  + washings was dried lyo-  
phi l ica l ly ,  or on a water bath at 70-80". The dry residue 
was dissolved in 10% isopropyl alcohol ,  so that 1 ml of solu- 
tion corresponded to 1 g of muscle tissue taken.  

Carnosine was determined by the diazo-react ion~ 
both in the t r ichloroacet ie  acid f i l t rate  and in the final 

solution. Anserine was determined after separation of the 

dipeptides by ascending paper chromatography, using 

Leningrad Slow paper previously washed with 0.15% 
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TABLE 2. Carnosine and Anserine Contents of Different Segments of Plantar Muscle 

(Mill igrams Percent of Wet Weight) 

~ ,-. Prommal 
~ ~ ]segment, 

19/VI 76 
29/VI 92 

1/VII 107 
26/VII 97 

Carnosine Proximal Anserine 
middle  part Distal  middle  p a r t  

~th ~-nt, s ~ y ?  ent '  2nd 3rd 4th 

85 94 I05 
I00 i12 I19 
134 142 161 
lO0 I09 123 

114 
123 
159 
129 

275 
255 
280 
293 

2nd 3rd 4th 

240 302 335 

316 266 
280 298 341 

Distal 
seg- 
ment,  
5th 

400 
32~ 
330 
384 

TABLE 3. Carnosine and Anserine Contents of Different Segments of Normal and 
Denervated Muscles of Operated Experimental Animals (Milligrams Percent of Wet 
Weight) 

18/IV 12 63 
Nor- 16/V 13 80 
mal  10/V 14 47 
m i l s  - 

cle  6/VI 14 57 
3/VII 13 77 

Camosine Anserine 
middle  part 

2nd 3rd 4th 

75 77 [2 
87 98 113 
50 58 6O 
50 73 85 
58 76 93 

Ng/m 

101 
133 40-5 
66 66 

102 266 
118 320 

middle part l 
r-r. 

2nd 

2); 
318 

3rd 4th 

271 268 

538 

380 
374 

De- 18/IV 12 
nerv- 26/iV 13 
ated 10/V 14 
mus- 6/VI 14 
cle  3)VII 13 

14 
21 
I0 
30 
33 

16 
19 
16 
27 
30 

20 
19 
16 
26 
26 

23 
21 
10 
21 
32 

30 
19 4 ~  
12 
29 36-7 
30 357 

3 ~  4 ~  

3g 
333 399 

4 ~  460 

45-7 41-5 
417 498 

8-hydroxyquinoline,  and using acid phenol as the solvent. An amount of solution corresponding to 30 mg of tissue 
was applied to the paper, as well as reference solutions of carnosine and anserine. The chromatograms were sprayed 
with 0.5% ninhydrin in acetone.  The chromatograms were then a i r -dr ied,  and heated for 7-10 rain in an oven at 
120". The anserine content was determined color imetr ica l ly  after elution of the spots from the paper [11]. 

E X P E R I M E N T A L  R E S U L T S  

Carnosine and amerine contents of different parts of normal muscles. We first bisected the plantar muscle, and 
determined the dipeptide contents of the upper and lower halves, being respectively the proximal half and the half 
terminat ing in the Achilles tendon. The results of these experiments are presented in Table 1. 

Although the carnosine content of the plantar muscle of different individuals varied fairly widely, i t  was always 
greater in the lower than in the upper half of the muscle. Similar  differences were also found between the auserine 
contents of the two halves of the plantar muscle, 

The values found by us for the dipeptide contents of the plantar muscle are in agreement with published ones 
for various leg muscles of rabbits [3, 6, 12]. In our subsequent experiments we divided the muscle into 5 equal parts, 
numbered sequentially from the proximal to the distal end. The results of these experiments are presented in Table  2. 

The results show that carnosine is not uniformly distributed along the muscle. Its content rises progressively 
from the first, proximal,  segment  of muscle to the fifth, distal one. To some extent,  the same applies to the anserine 
content:  the anserine content of the first segment was always lower than that of the fifth one. There was not, how- 
ever, the same regular increase in the anserine content of the middle segments as was found for carnosine. 

Carnosine ~nd anserine contents of different parts of denervated muscles. The results obtained for the dipeptide 
contents of plantar muscles of the unoperated limbs of rabbits, serving as controls for the contralateral  denervates ones, 
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gave results concordant with those of Table  2 (see Table 3). The carnosine contents again rose from the proximal  to 
the distal end of the muscle, but the absolute values for each of the five segments were somewhat lower than those 
found for unoperated animals.  The carnosine content of the first segment of the plantar muscle of unoperated rabbits 
ranged from 76 to 107 mg %, whereas in the muscle contralateral  to the denervated one it was 47-80 mg %. The 
corresponding values for the fifth segment were, respect ively,  114-159 and 68-133 mg %. 

The carnosine content of the muscle fell  to from a third to a quarter of its in i t ia l  value 12-14 days after de-  
nervation. The gradient of carnosine content characteris t ic  of normal muscle was almost totalIy abolished. 

A distinct difference was found in the anserine contents of the first and fifth segments of the control muscle, 
The absolute amounts of anserine in the various segments of control muscles were close to those found for normal 
animals.  There was prac t ica l ly  no change in the anserine contents of the various segments of denervated muscle. 
While the anserine contents of the 3rd, 4th, and 5th segments of denervated muscle were below those of the controls 
in the experiment  of April 26, the opposite effect was observed in two other experiments.  Similar  results were r e -  
ported by N. A. Yudaev for whole rabbit  plantar muscle. This author found that the carnosine content had fal len 
prac t icaI ly  to zero by the 20th day after denervation, and that there was a transient rise in anserine content [7, 10]. 

Our analyses thus show that carnosine is not distributed uniformly along the tength of the plantar muscle of 
rabbits. This was also found to apply to the distribution of anserine. The carnosine content of the muscle fel l  to 
from a third to a quarter of the normal value 12-14 days after denervation, and the remaining carnosine was now uni- 
formly distributed along the length of the muscle. The anserine contents of different parts of the muscle changed 
very l i t t le  following denervation. 

S U M M A R Y  

The carnosine content of normal rabbit  plantar muscle rises from 76-107 mg % in its proximal  one-f i f th  to 
114-159 mg % in the distal one-fif th of its length. There was a similar ,  although less well marked gradient in 
anserine content, which was higher at the distal  than the proximal  end of the muscle, but which varied i rregularly 
in the middle sections. The carnosine content of the muscle fel l  to from a third to a quarter of the normal value 12- 
14 days after denervation, and i t  was then distributed uniformly along the muscle.  Denervation had very I i t t le  effect 
on the distribution of anserine in the muscle. 
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