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species derived from oxygen 9, namely  the superoxide radi- 
cal (O2_), hydrogen peroxide (H202) , and t h e  hydroxyl 
radical (. OH). The latter species has been termed 'the most 
reactive oxidizing species known' .  
It has been known for several years that - O H  was a 
reaction product in several in vitro biochemical  systems in 
which H20 2 and O 7 were present simultaneously 1~ In these 
studies, it was shown that both catalase, which decomposes 
H202, and superoxide dismutase, which decomposes O2-, 
could each by themselves prevent - OH formation. It was 
quite logically suggested l~ that the - OH was formed in a 
reaction between H20 2 and O~. However ,  it has been 
demonstrated by several investigators using various techni- 
ques, that the direct reaction between H20 2 and 0 2_ is 
extremely slow 1H4. Despite these apparent  discrepancies a 
reaction sequence which can account for all of  this seem- 
ingly inconsistent data can be written as follows4-7: 

a) Fe3+Oa  -~ Fe z+ + 0  2 
b) Fe 2+ + H 2 0  2 ~ Fe ~* + �9 O H + O H -  

C) 0 2 _ + H 2 0 2  --~ ' O H + O H - + O  2 

Reaction c, the sum of  reactions a and b, is commonly  
referred to as the Haber-Weiss reaction I5. It has been 
suggested 4-7 that the iron-chelator D E T A P A C  could pre- 
vent �9 OH formation, probably by inhibiting reaction a or  b 
above. It was also determined that EDTA,  could promote  
the rate of  �9 OH formation. In other studies, it has been 
shown that D E T A P A C  and other iron-chelating agents 
could prevent . OH formation only at certain iron-chelator 
ratios. And  in fact, st imulation o f .  OH formation has been 
observed at certain ratios of  iron to DETAPAC16. 
In recent in vitro experiments with isolated islet prepara- 
tions, it has been shown that D E T A P A C  could counteract 
the toxic actions of  alloxan 2'3. In these same studies, 
catalase, superoxide dismutase and several potent  �9 OH 
scavengers were also found to protect against alloxan. All 
o f  these data collectively seemed to suggest that �9 OH, 
generated from alloxan after its reduction to dialuric acid 
and further autoxidation, could damage beta cells in vitro. 
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The data of  the present study, taken together with our 
previous data on protection against alloxan in vivo by 
several structurally diverse �9 OH scavengers t7-22, would 
appear to be consistent with the premise that D E T A P A C  
effectively prevents �9 OH formation in vivo under  the 
present experimental  conditions and that �9 OH is respon- 
sible for al loxan-induced diabetes. Other mechanisms of  
protection, most likely involving iron, are also possible. 

1 Supported in part by grant AM-27328 from the US Public 
Health Service. 

2 L.J. Fischer and S.A. Hamburger, Diabetes 29, 213 (1980). 
3 K. Grankvist, S. Marklund and I.B. Taljedahl, FEBS Lett. 105, 

15 (1979). 
4 J.M. McCord and E.D. Day, Jr, FEBS Lett. 86, 139 (1978). 
5 G.R. Buettner, L.W. Oberley and S. Chan-Leuthauser, Photo- 

chem. Photobiol. 28, 693 (1978). 
6 B. Halliwell, FEBS Lett. 92, 321 (1978). 
7 B. Halliwell, FEBS Lett. 96, 238 (1978). 
8 D.W. Deamer, R.E. Heikkila, R.V. Panganamala, G. Cohen 

and D.G. Cornwell, Physiol. chem. Physics 3, 426 (1971). 
9 G. Cohen and R.E. Heikkila, J. biol. Chem. 249, 2447 (1974). 

10 C. Beauchamp and I.J. Fridovich, J. biol. Chem. 245, 4641 
(1970). 

11 C. Ferradini, J. Foos, C. Hovee and J. Pucheault, Photochem. 
Photobiol. 28, 697 (1978). 

12 B. Halliwell, FEBS Lett. 72, 8 (1976). 
13 G.J. McClune and J.A. Fee, FEBS Lett, 67, 294 (1976). 
14 G. Cohen, in: Superoxide and Superoxide Dismutases, p.317. 

Eds A.M. Michelson, J.M. McCord and I. Fridovich. Ac- 
ademic Press, London 1977. 

15 F. Haber and J. Weiss, Proc. R. Soc. Lond. A 147, 332 (1934). 
16 J.M.C. Gutteridge, R. Richmond and B. Halliwell, Biochem. 

J. 184, 469 (1979). 
17 R.E. Heikkila, Eur. J. Pharmac. 44, 191 (1977). 
18 R.E. Heikkila, H. Barden and G. Cohen, J. Pharmac. exp. 

Ther. 190, 501 (1974). 
19 R.E. Heikkila and F. S. Cabbat, Eur. J. Pharmac. 52, 57 (1978). 
20 R.E. Heikkila and F.S. Cabbat, Life Sci. 27, 659 (1980). 
21 R.E. Heikkila, B. Winston, G. Cohen and H. Barden, Bio- 

chem. Pharmac. 25, 1085 (1976). 
22 J. Tibaldi, J. Benjamin, F.S. Cabbat and R.E. Heikkila, J. 

Pharmac. exp. Ther. 211, 415 (1979). 

fl-Alanine and a-L-alanine inhibit the exploratory activity of spontaneously hypertensive rats 1 

R. Liljequist, M.K.  Paasonen and E. Solatunturi 

Department of Pharmacology, University of  Helsinki, SF-O0170 Helsinki 17 (Finland), 13 July 1981 

Summary. 1% fl-alanine and a-L-alanine,  when given for 7 days as the only drinking fluid, inhibited the exploratory 
activity of  adult male spontaneously-hypertensive rats (SHR) but not that of  the normotensive Wistar-Kyoto rats (WKR).  
f l-Alanine decreased the taurine level in the liver of  both strains and in the platelets of  SHR. a-Alanine decreased the 
taurine level in the liver of  W K R  and in the platelets of  SHR. 

fl-Alanine is a structural analog of  taurine. It has been 
shown that fl-alanine but not  a-L-alanine inhibits the 
uptake of  taurine into the platelets, cortical synaptosomes 
and retina 2'3. f l-Alanine also inhibits the transport of  tau- 
fine into the isolated heart 4. 

H2N-CH2-CH27SO3H 
Taurine 

H2N-CH2-CH2-COOH 
fl-Alanine 

H2N-CH-COOH 
I 

CH3 

a-L-Alanine 

We have previously shown that taurine enriched and tau- 
fine deficient diets stimulate the exploratory activity of  
SHR but not that of  WKR.  Both these treatments were 
assumed to increase the availability o f  taurine 5. The present 
work was designed to study the actions of  fl-alanine and a- 
L-alanine in the open field situation and to evaluate the 
taurine levels in various tissues after alanine administra- 
tion. 
Materials and methods. Male rats o f  spontaneously hyper- 
tensive (SHR) ( n = 2 4 ;  weight mean+_ SD 347+ 17 g) and of  
normotensive strains of  Wistar-Kyoto rats (WKR)  ( n =  24; 
weight 312_+8 g) were used in the study at the age of  3 
months. The rats were housed in groups of  8 with food and 
fluid ad l ibidum and maintained on a 12-h light (7.00- 
19.00 h) -dark cycle. 
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Taurine content following 7 days' treatment with 1% fl-alanine and a-L-alanine 

Taurine content Spontaneously hypertensive rats Normotensive Wistar-Kyoto rats 
(gmole/g; mean_+ SD) Control fl-Alanine a-L-alanine Control fl-Alanine a-L-alanine 

Brain 3.5 -- 1.0 3.7 _+ 0.5 4.1 _+ 0.7 3.7 • 0.8 3.7_+ 0.8 4.0_+ 0.7 
Heart 24.0_+ 1.9 22.6 +_ 1.5 24.9 _+ 2.6 25.0_+ 1.7 24.3 +_ 3.9 26.8 +_ 2.4 
(left ventricle) 
Liver 7.2_+ 1.7 3.9 _+ 1.5"** 8.2_+ 1.6 10.7_+ 0.8 7.1 _+ 2.5** 8.5 _+ 2.4* 
Platelets (gmole/1012 175.1+_24.8 139.8_+ 15.9"* 125.6_+ 16.0"** 152.6_+27.1 137.8_+58.8  137.7_+28.1 
cells) 

* p < 0.05, * *  p < 0.01 and * * *  p < 0.001 in comparison to the control group. 

The exploratory activity was measured for 15 min between 
19.00 and 22.00 h by using the open field situation 5'6. 5 
different activities were measured; forward locomotion, 
rearing, grooming, standing and defecation. The locomo- 
tion was measured by recording the number  of  areas 
crossed, fl-Alanine and a-L-alanine were given to the 
animals in their drinking water as 1% solutions for 7 days. 
Endogenous brain taurine was estimated as a fluorescamine 
(Fluram| F. Hof fman-La  Roche) derivative after purifica- 
tion on ion-exchange columns. Brain 5-hydroxytryptamine 
(5-HT) level was measured spectrophotofluorometrically 7. 
Results. All the activity measurements  from the open field 
(figure) indicated that the SHR were more active than the 
WKR.  There was a significant effect for strain in the 2-way 
analysis o f  variance for strain and treatment ( F =  58.8 to 
8.10; p <  0.001 -0 .01  for all parameters). The treatment 
effect was significant in the SHR for the activity in the 
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Open field activity of spontaneously hypertensive (SHR) and 
normotensive Wistar-Kyoto (WKR) rats following 7 day's treat- 
ment with fl-alanine (B) and a-L-alanine (A); C, control group. 
*p<0.05, **p<0.01 and ***p<0.001 in comparison to the 
control group. 

central area (F=5 .4 ;  p<0 .01) .  Both fl-alanine and a-L- 
alanine decreased the penetrations to the central area. The 
rearing and standing frequency of  the SHR was decreased 
following both fl-alanine and a-L-alanine.  
Brain taurine levels did not show any differences due to 
strain or treatments (table). The taurine level of  the liver 
was significantly higher in the W K R  control group than in 
the S H R  control group. Fol lowing fl-alanine there was a 
decrease in the liver taurine content. A similar effect was 
found in the W K R  strain after fl-alanine and a-L-alanine.  
A significant decrease in the taurine level of  the platelets 
was seen in the SHR strain after both fl-alanine and a-L- 
alanine. This effect was not evident in the W K R  strain. No 
differences were found in the 5-HT content due to either 
strain or treatments. 
Discussion. In this work the exploratory activity of  the SHR 
was greater than that of  the controls. In general SHR are 
known to be more active 8, to respond more frequently in 
the Sidman avoidance situation 9, and after isolation to be 
more aggressive than the normotensive rats 1~ We have 
earlier shown that the taurine level of  platelets in the SHR 
strain is higher than that of  the controls 71, and that a taurine 
rich diet increases the exploratory activity of  the SHR 
strain 5. Consequently,  the opposite action by the taurine 
transport inhibitor 12, fl-alanine could be expected. 
However,  a-L-alanine was also able to decrease the taurine 
level of  platelets and liver. Since a-L-alanine does not  
inhibit taurine uptake 2,3 it is possible that its taurine 
depleting action is due to an intracellular displacement of  
taur ine from its binding sites. This could lead to a reduction 
of  the functional taurine - even when it is not shown in the 
total tissue taurine estimations. In W K R  the alanine action 
was opposite to that found in SHR in all respects. This is in 
agreement  with our previous results that taurine treatment 
affects the behavior  of  these 2 strains differently 5. 
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