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NJ, according to the manufacturer's instructions updated in 
March 1979. The technique combines resin column chromato- 
graphic separation with colorimetric quantitation. Enzyme ac- 
tivities were assessed at 30 ~ Locally established ranges for a 
normal control population not participating in strenuous 
sports were 0-83 U/1 total CK and less than 4% CK-MB. The 
paired Student's t-test was applied to the pre- and post-race 
data. 
Results. Serum total CK, percent MB, and CK-MB activities 
before and immediately after the race are summarized in figure 
1. The mean pre-race activities were close to the upper limits of 
normal. In three runners, the total CK, and in additional three, 
the CK-MB were greater than normal. These athletes trained 
in the two days before the race. The mean enzyme activities of 
the other runners fell into the middle of the normal range or 
were below detectibility. 
Post-race total CK and percent MB activities doubled, while 
CK-MB activities more than tripled. The total CK increased in 
all runners. However, the percent MB declined in four athletes, 
in two of which the CK-MB also declined. 
The correlation of the clocked running time of 17 or 15 ath- 
letes who completed the race and for whom times were 
recorded are given in figures 2 and 3. Increases were greater in 
the slower runners. 
Discussion. Serum CK and CK-MB as well as other enzyme 
tests are important and sensitive tools for the diagnosis of 
acute myocardial infarcts and other myocardial injuries I"2. In- 
creased CK and CK-MB are also found in healthy persons 
after long distance running 3 s, thus complicating the inter- 
pretation of enzyme changes in athletes with chest pain or 
other cardiac symptoms. In asymptomatic runners, the source 
of the circulating CK and CK-MB likely is not the myocar- 
dium, but rather injured skeletal muscle, according to numer- 

ous reports 3-5'7. Most studies of exercise-related enzyme 
changes are performed in long distance runners 3-8, consistently 
documenting significant increases. Moderate exercise, however, 
is associated with inconsistent or smaller increases 8,9, presum- 
ably because of minor muscular injury. Symansky et al. 9 report 
absence of enzyme changes in competitive swimmers. Forces of 
130-215 kg reportedly are exerted during down strokes during 
running, while forces of 2-9 kg are recorded during swimm- 
ing 9, suggesting less trauma in swimmers. These findings argue 
for a correlation of the severity of trauma and the magnitude 
of enzyme increases. 

Stansbie et al. s describe a direct correlation of serum total CK 
and the order in which marathon runners complete their races. 
The present study demonstrates a significant correlation of 
clocked running time and both CK and CK-MB increases. The 
greatest increases are found in the slowest runners, suggesting 
that longer running times are associated with greater trauma to 
skeletal muscle leading to enzyme leakage into the circulation. 
The slower runners are very likely also the less trained or less 
fit, older athletes. 

Little is known about the time course of enzyme increases and 
subsequent normalization s . Therefore, alternatively, the 
greater increase in the slower runners may, because of different 
timing of sample collection in reference to the midpoint of the 
race, reflect the peak of enzyme leakage rather than greater 
trauma. 

In view of the findings of ours, of Stansbie et al. 8, and others s, 
increased serum CK and CK-MB activities in athletes sus- 
pected of having suffered recent myocrdial injury should be 
interpreted after exclusion of recent exercise related skeletal 
muscle trauma, especially in the slower, less fit, and older ath- 
letes. 
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Summary. Drought resistant cv. C-214 of Cicer arietinum L. showed higher accumulation of c~ alanine, threonine, glutamine, 
fl-alanine, arginine, ~ amino butyric acid, valine, leucine, phenylalanine than the susceptible cv. G130 under water stress. 
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Higher proline accumulation has been proposed as an index of 
drought resistance in barley 1, but its usefulness could not be 
confirmed in chick pea, rice or barley 2-~. Exogenous proline, 

leucine, asparagine, arginine, alanine, phenylalanine, 7 amino 
butyric acid, glutamine and threonine protect membranes of 
Vinca against acid and alkali s. Here, the amino acid spectra in 
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stressed leaves of 2 contrasting cultivars of chick pea were 
compared to investigate the relationship of other amino acids 
with drought resistance. 
Ten day old plants were stressed by flooding their roots with 
PEG (0-1.0 MPa) according to Zur (1966) 7. Wilted leaves were 
homogenized in 80 % boiling ethanol and the supernatant was 
evaporated to dryness. The amino acid mixture was recovered 
in 20% ethanol (1 ml g-1 fresh wt). Twenty amino acids were 
separated with 2-way ascending paper chromatography and 
identified with 0.1% ninhydrin spray 8. Individual amino acid 
spots were eluted in 20 % ethanol and the color read at 570 nm 
using a VSU II. 
In general, free amino acids showed an increase, as was re- 
ported earlier 9-11. The accumulation resulted from increased 
proteolysis I~, or reduction in protein synthesis ~3, and increased 
synthesis of amino acids 12. Different amino acids contribute 
differentially to the soluble pool (table). The following amino 
acids accumulated markedly under stress; proline ( x 4 in C214 
and x 8 in G130), c~ alanine plus threonine ( x 6.5), 7 amino 
butyric acid ( x  6), leucine plus phenylalanine ( x  6.2) and 
glycine ( x  5) in C214 and glutamic acid ( x  4), glutamine 
( x 3) and arginine ( x 3) in GI30. There was also some accu- 
mulation of histidine and lysine ( x 2.7) in both the cultivars; 
fl-alanine ( • 2.8) and valine ( • 2.4) in C214 and teucine and 
phenylalanine ( x 1.6) in G130. On the other hand, fl-alanine 
and valine in G130, aspartic and glutamic acids in C214, and 
cysteic acid, asparagine and an unidentified amino acid in both 
the cultivars decreased with stress. /?-alanine and ), amino 
butyric acid declined beyond -0.3 and -0 .6  MPa respectively 
in G130. Tyrosine and serine plus glycine showed no trend. 
The resistant cv. C214 was marked by high accumulation of  
amino acids, as is mentioned in the summary, and proline 
ranks fifth among the amino acids which accumulate (fold in- 
crease). Thus, besides proline, other amino acids may also play 
a role in drought resistance. 
Various roles have been assigned to the accumulating amino 
acids, such as nitrogen storage under stress conditions, osmo- 
regulation to overcome stress effects ~4-~6, and the stabilizing of  
membranes 5. 
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