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point, and angles between two lines are calculated. 
Changes of the respective distances or angles in a series 
showing the moving jaws during mastication thus repro- 
duce the movement  pattern. 

Efficiency of pin implantation 

The use of dental pins as markers in cineradiography 
allows an exact procedure in measurements and analysis 
in small animals. Their standardized size, and shape, and 
the stability of their position, make all marks compara- 
ble, which is an advantage over the amalgam or lead 
markers which were formerly used. Moreover, from one 
pin two marks are established. This is especially impor- 
tant for the fixation of markers in small objects. The best 
measurable point  can thus be chosen. Simultaneous ap- 
plication of several pins per moving element allows deter- 
minat ion of more marker points, thus decreasing the 
error of interpretation. Furthermore,  the reproducibility 
of measurements is greatly enlarged because the form of 
the pins is stable. 
The use of a hand driver with the pin and the linked 
plastic shank is very effective for surgical installation in 
small objects. Screws, as have been applied in Tenrec 6 or 
friction grip pins 11, 12 are difficult to manipulate. 
The dental gold plated pins do not  produce adverse tissue 
reactions. For  normal implantat ion into the compact 
bone adhesive, which often damages the cells, is not nec- 
essary. Therefore, pins can remain in the animal for life. 
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Our observations in living animals show that the pins are 
encapsulated within a few days so the surrounding chew- 
ing muscles and vessels are soon protected against fric- 
tion. 
We expect that the implantat ion of self-shearing pins will 
also be useful in other movement studies using cineradio- 
graphy for example studies of rib movements during res- 
piration, or gill arch movements of fishes. 
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Blood pressure and impairment of endothelium-dependent relaxation in spontaneously hypertensive rats 
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Summary. Correlation between hypertension and impairment of endothelium-dependent relaxation was demonstra- 
ted using aortae from certain strains of rats with various levels of spontaneous hypertension. It was also observed 
that the impairment  of endothelium-dependent relaxation is the secondary change due to hypertension, and the level 
and durat ion of hypertension is the determinant factor of the impairment.  
Key words. Spontaneously hypertensive rats; strains: ages; aorta; endothelium-dependent relaxation. 

Endothel ium-dependent  relaxation in animal models of 
genetic hypertension has been reported to be impaired 
as compared with that of control normotensive ani- 
mals 1 - 11. This may indicate the involvement of a genet- 
ically-induced impairment of endothelium in the initia- 
tion of hypertension. However, the decreased endo- 
thelium-dependent relaxation can also be observed in 
thoracic aortae that have been made hypertensive by 
coarctation 11. In addition, the decreased endothelium- 
dependent relaxation of blood vessels of hypertensive 
rats can be normalized by antihypertensive treat- 

ment 8, 11. These two reports 8, 11 indicate that impair- 
ment is secondary to elevated blood pressure. Thus, the 
contr ibut ion of decreased endothelium-dependent relax- 
ing activity in the initiation of hypertension is still con- 
troversial. In the present study, the age-related impair- 
ment of endothelium-dependent relaxation was studied 
using different strains of spontaneously hypertensive rats 
with various levels of blood pressure. All of the strains 
used in the present study are genetically established from 
the same Origin; Wistar Kyoto rats (WKY) 12. We report 
here that the impairment of endothelium-dependent re- 
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laxat ion is directly related to both  the degree and the 
dura t ion of  hypertension.  

Materials and methods 

Wistar  Kyo to  rats (WKY),  conventional  spontaneously 
hypertensive rats (SHR),  s t roke-prone S H R  (SHRSP) 
and a mal ignant  type of  SHRSP (M-SHRSP)  were orig- 
inally obtained f rom Dr Okamoto  12 and successively 
bred in our animal  facility. Grea t  care was taken in 
breeding each strain to mainta in  its respective b lood 
pressure. Systolic b lood pressure was measured by the 
tail cuff method.  Briefly, animals were preheated at 40 ~ 
for 5 min and then the systolic b lood pressures were 
measured automat ical ly  by a rat  blood pressure instru- 
ment (Natume, Tokyo). The width of  the tail cuff was 10 
or 15 mm. 
In a series of  experiments,  SHRSP were subjected to an 
antihypertensive t reatment  with oral adminis t ra t ion of  
hydralazine hydrochlor ide  (Apresoline ~). This t reatment  
was insti tuted at the weaning per iod (5 weeks of  age) to 
control  the development  of  hypertension,  and was con- 
tinued until the animals were sacrificed at the age of  16 
weeks. The concentrat ion of  the drug in the dr inking 
water was 40 mg/1 for ages between 5 and 10 weeks and 
60 mg/1 for ages between 11 and 16 weeks. Thoracic  aor-  
tae were dissected from the animals and ring prepara-  
tions (1 mm wide) were made,  avoiding the branched 
port ion.  In some experiments the endothel ium was re- 
moved by rubbing the lumen of  the aor ta  with soft rub- 
ber. The prepara t ions  were mounted  in organ baths filled 
with a modified Tyrode's  solution using thin tungsten 
wire (diameter 30 pm). The other end of  the tungsten 
wire was connected to a force-displacement t ransducer  
(Shinkoh, U-gage). The composi t ion of  the modified Ty- 
rode 's  solution was as follows: NaC1, 1 3 7 m M ;  KC1, 
5 . 4 m M ;  CaC12, 2.0 m M ;  MgC12, 1.0 m M ;  NaHCO3,  
11.9 m M ;  NaH2PO4, 0.4 m M ;  glucose, 5.6 mM. i t  was 
equil ibrated with a gas mixture of  95 % Oz and 5 % CO2 
at 36 ~ Tension Changes were measured isometrically at 
the basal  stretch tension of  800 mg. 

Statistics. All results are given as mean + SE. Mann-  
Whitney U-test  and two-way analysis of  variance were 
used to assess statistical significance, and p values less 
than 0.01 were considered to be significant in the present 
studies. 

Results and discussion 

The systolic b lood pressures of  each strain of  rats at 
various ages are shown in figure 1. The systolic b lood 
pressure of  all animal  strains increased with age. The 
increase was steepest in M-SHRSP,  and the blood pres- 
sure at the age of  12 weeks of  age was 262 • 7 m m H g  
(n = 11). However,  no further measurement  of  the 
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Figure 1. Relationship between age and systolic blood pressure of vari- 
ous strains of spontaneously hypertensive rats and normotensive rats. 
SHR, SHRSP, M-SHRSP and WKY indicate spontaneously hyperten- 
sive rats, stroke-prone SHR, malignant strain of SHRSP and Wistar 
Kyoto rats, respectively. Blood pressure of M-SHRSP over 16 weeks of 
age could not be measured because of the high incidence of stroke. Each 
point represents mean value of 7 to 22 rats with • SE. Variation in 
age-dependent elevation of the blood pressure among these four strains 
were statistically significant (p < 0.01). 

b lood pressure in this strain could be performed,  because 
the incidence of  stroke increased and this influenced 
the b lood pressure markedly.  In WKY, on the other 
hand, the blood pressure rose slowly and reached 
137 _+ 2 m m H g  (n = 17) 20 weeks after birth. The age- 
dependent  elevations in the blood pressure of  SHRSP 
and S H R  lie between the curves for the M -SH RSP  and 
WKY. Statistical analysis revealed that the difference in 
the age-dependent  elevation of  the blood pressure among 
these strains was significant (p < 0.0/). 
The endothel ium-dependent  relaxation was obtained by 
applying / 0 - S M  acetylcholine to aort ic preparat ions  
contracted in the presence of  5 x / 0 - 7  M noradrenaline.  
I t  was ascertained in noncumulat ive  experiments that  the 
concentrat ion of  acetylcholine (10 .5  M) was maximal  
and supramaximal  respectively in W K Y  and SHRSP 
preparat ion.  It was also ascertained that  relaxat ion dis- 
appeared  with the removal  of  the endothelium. 
The endothel ium-dependent  relaxation induced by 
acetylcholine decreased with the increase of  age in all 
preparat ions.  The decrease in relaxation was fastest in 
the M - S H R S P  aorta ,  which showed a marked  decrease 
12 weeks after bir th (fig. 2). The endothel ium-dependent  
relaxat ion of  SHRSP began to decrease at the age of  
12 weeks, and that  of  SHR, between 12 and 16 weeks 
of  age. In the W K Y  aorta ,  on the other hand,  no 
significant decrease in the relaxation could be ob- 
served before the age of  16 weeks, and only a slight 
decrease was observed at 20 weeks of  age (fig. 2). In 
age-matched groups, the impairment  of  endothelium-de- 
pendent  relaxat ion occurred in the following order;  M- 
SHRSP > SHRSP > S H R >  WKY. The variat ion in the 
age-dependent  decrease in the relaxation among the 
prepara t ions  f rom these strains was statistically signifi- 
cant  (p < 0.01) as ascertained by two-way analysis of  
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Figure 2. Endothelium-dependent relaxation of aortic rings at various 
ages. Relaxation was expressed as percentages of the amplitude of the 
contraction induced by 5 x 10-7 M noradrenaline (mean _+ SE, n = 7 to 
19). Experiments could not be performed on the aorta of M-SHRSP of 
16 to 20 weeks of age, because of the high rate of stroke. The open part 
of the SHRSP column at 16 weeks indicates increased relaxation brought 
about by antihypertensive treatment. Aortic rings were contracted by the 
application of 5 x 10- 7 M noradrenaline and i 0 min after the contraction 
achieved its peak, 10 s M acetylcholine was applied to induce endotheli- 
urn-dependent relaxation. The maximum amplitude of relaxations was 
measured. The concentrations of the drugs were chosen to produce max- 
imal relaxant responses. * significantly different from the value of WKY 
of respective age (Mann-Whitney U-test, p < 0.01). %ignificantly difl%r- 
ent from the value of 8-week-old WKY (Mann-Whitney U-test, 
p < 0.01). The differences in age-dependent decrease in the relaxation 
among these four strains were statistically significant (Two-way analysis 
of variance, p < 0.01). 

var iance.  The  re la t ionship  be tween  the systolic b lood  
pressure  and  the re laxa t ion  induced by acetylchol ine  is 

shown in f igure 3. The  f igure shows that  the endothel i -  

u m - d e p e n d e n t  re laxa t ion  decreased as the b lood  pressure 

increased and that  the decrease in endo the l ium-depen-  

den t  re laxa t ion  cor re la ted  well  wi th  the e levat ion  o f  
b lood  pressure.  

The  effect o f  an t ihyper tens ive  t r ea tmen t  was also s tudied 

by giving hydra laz ine  hydroch lo r ide  to S H R S P ,  as de- 

scribed in mater ia l s  and  methods .  The  b lood  pressure  o f  

the 16-week-old t rea ted  S H R S P  was 167 _+ 3 m m H g  
(n = 5), which  was s ignif icant ly lower  than  the b lood  

pressure  o f  the un t r ea t ed  S H R S P  (250 _+ 3 m m H g ,  

n = 14). The  b lood  pressure  o f  the t reated S H R S P  lies 

be tween  those  o f  the same age o f  S H R  (196 • 4 m m H g ,  

n = 21) and  W K Y  (133 + 2 m m H g ,  n = 22). The en- 
do the l i um-dependen t  r e l a x a t i o n  o f  the aor ta  o f  t rea ted  

S H R S P  was s ignif icant ly greater  t han  that  o f  un t r ea t ed  

p repa ra t ions  (p < 0.001), and  was found  also to lie be- 
tween the re laxa t ions  o f  age -ma tched  S H R  and  W K Y  

(fig. 2). This  value  is close to the regress ion line o f  the 

re la t ionship  be tween  b lood  pressure and the degree o f  
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Figure 3. Correlation between blood pressure and endothelium-depen- 
dent relaxation. Relaxation was induced by 10 5 M acetylcholine and 
expressed as percentage of the contraction induced by 5x 10 7 M nor- 
adrenaline. All strains &rats are included in this figure. A 8-(open circles) 
and 12-(closed circles) week-old rats. B 16- (open circles) and 20- (closed 
circles) week-old rats. Regression lines are also indicated with area of 
99% reliability. Coefficients of correlation are -0.551 (p < 0.01) and 
-0.700 (p < 0.01), respectively in A and B. Asterisk indicated by arrow 
in B shows mean value of the endothelium-dependent relaxation at low- 
ered blood pressure (mean value) of five hydralazine hydrochloride treat- 
ed SHRSP of 16 weeks of age. 

re laxa t ion  shown in f igure 3. Thus,  it was shown that  a 
good  cor re la t ion  exists be tween  b lood  pressure  and the 

impa i rmen t  o f  the endo the l i um-dependen t  re laxa t ion  es- 

pecially in 16- and 20-week-old  rats. 
Sod ium ni t ropruss ide  is k n o w n  to act direct ly on  vascu-  

lar  s m o o t h  muscle  and  induce  re laxat ion.  This  re laxa t ion  
is med ia ted  by the p roduc t i on  o f  cyclic G M P  13. En-  

do the l i um-dependen t  re laxa t ion  is also k n o w n  to be me- 

d ia ted  by the p roduc t i on  o f  cyclic G M P  in the s m o o t h  
muscle  14-16. 

The  re laxa t ion  o f  the e n d o t h e l i u m - r e m o v e d  p repa ra t i on  

o f  the S H R S P  aor ta  induced  by sod ium ni t ropruss ide  

was ei ther ident ical  wi th  or  grea ter  than that  o f  the W K Y  

aor ta  (data  are no t  shown).  Similar  results have  been 

repor t ed  in the S H R  aor ta  6 and  in S H R S P  mesenter ic  
ar tery 7. I m p a i r m e n t  o f  e n d o t h e l i u m - d e p e n d e n t  relax- 

a t ion  may,  therefore,  no t  be due to the change  in the 

p roduc t i on  o f  cyclic G M P  or  to the change  in the re- 

sponse o f  s m o o t h  muscle  to cyclic G M P .  Several  expla-  
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nations for the impairment of endothelium-dependent 
relaxation can be made: 1) structural damage of endothe- 
lium, which causes nonspecific impairment  in the ability 
to produce EDRF, 2) reduced sensitivity to acetylcholine, 
3) impairment  in the coupling between endothelium and 
smooth muscle, 4) reduced sensitivity of smooth muscle 
to EDRF. Since maximal or supramaximal concentra- 
tions of acetylcholine, both for W K Y  and SHRSP prepa- 
rations, were applied as described above, the difference in 
the sensitivity of endothelium to this drug would not be 
involved. Although no further experiment to investigate 
the mechanism of the impairment  of endothelium-depen- 
dent relaxation was performed, the structural damage of 
the endothelium due to the exposure to hyperten- 
sion 17, 18 seems to be the most provable one among the 
possible causes of the impairment.  Recovery from the 
morphological changes after antihypertensive treat- 
ment 18 is also coincident with the recovery of the relax- 
ation observed in the present experiment. 
The relationship between the blood pressure of various 
Kyoto strain rats and the impairment  of endothelium-de- 
pendent  relaxation indicates a causal relationship be- 
tween blood pressure and the impairment of relaxation. 
When the blood pressure is high, impairment  of the re- 
lease of E D R F  progresses faster than when blood pres- 
sure is low, as shown in the age-dependency experiments. 
It was also observed that the degree of the impairment  of 
endothelium-dependent relaxation increased when the 
durat ion of exposure to high blood pressure increased 
(fig. 2). The effect of antihypertensive treatment also sup- 
ports the possibility that the decreases in the endotheli- 
urn-dependent relaxation in spontaneously hypertensive 
rats are not genetically controlled but are the secondary 

results of protracted high blood pressure. Thus it can be 
concluded that impairment  of the endothelium cannot  be 
a cause of the initiation of hypertension in spontaneously 
hypertensive rats of the Kyoto strain, although it may be 
able to accelerate the elevation of blood pressure. 

1 Lee, T. J.-F., Shirasaki, Y., and Nickols, G. A., Blood Vessels 24 (1987) 
132. 

2 Van de Voorde, J., and Leusen, i., Am. J. Physiol. 250 (I986) H711. 
3 Mayhan, V~ G., Faraci, F. M., and Heistad, D. D., Am. J. Physiol. 

253 (1987) H1435. 
4 Winquist, R. J., Bunting, P. B., Baskin, E. P., and Wallace, A. A., J. 

Hypertension 2 (1984) 541. 
5 Shirasaki, Y., Kolm, P, Nickols, G. A., and Lee, Z J.-F., J. Pharmac. 

exp. Ther. 245 (1988) 53. 
6 Shirasaki, Y.., Su, C., Lee, Z J.-F., Cline, H. IV, and Nickols, G. A., J. 

Pharmac. exp. Ther. 239 (1986) 861. 
' 7 Tesfamariam, B., and Halpern, W, Hypertension 11 (1988) 440. 

8 Lfischer, T. E, Vanhoutte, P. M., and Raij, L., Hypertension 9, Suppl. 
III (1987) III 193. 

9 Lockette, '~, Otsuka, Y., and Carretero, O., Hypertension 8, Suppl. 
II (1986) II 61. 

10 Lflscher, T. F., Raij, L., and Vanhoutte, P. M., Hypertension 9 (1987) 
157. 

11 Van de Voorde, J., Vanheel, B., and Leusen, l., Pflfigers Arch. 411 
(1988) 500. 

12 Okamoto, K., Yamamoto, K., Morita, N., Ohta, 5~, Chikugo, T., 
Higashizawa, T., and Suzuki, T., J. Hypertension 4, Suppl. 3 (1986) 
$21. 

13 Kukovetz, W R., Holzmann, S., and Poch, G., Naunyn-Schmiede- 
berg's Arch. Pharmak. 10 (1979) 129. 

I4 Furchgott, R. E, Zawadzki, J. V., and Cherry, P. D., in: Vasodilata- 
tion, p. 49. Raven Press, New York 1981. 

15 Furchgott, R. IL, A. Rev. Pharmac. Toxic. 24 (1984) 175. 
!6 Rapoport, R. M., and Murad, F., Circ. Res. 52 (1983) 352. 
17 Lee, R. M. K. W., and Triggle, C. R., Blood Vessels 23 (1986) 199. 
18 Haudenschild, C. C., Presscott, M. F., and Chobanian, A. V., Hyper- 

tension 2 (1980) 33. 

0014-4754/89/080705-0451.50 + 0.20/0 
�9 Birkh/iuser Verlag Basel, 1989 

Superoxide anion scavenging effect and superoxide dismutase activity of Ginkgo biloba extract 
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Summary. Ginkgo biloba extract is known to be efficient in diseases associated with free radical generation. The 
purpose of this work was to study, under  in vitro conditions, the action of Ginkgo biloba extract (Gbe) against 
superoxide anion (O2=), which is directly or indirectly implicated in cell damage. 
Gbe appears to have both an Oav scavenging effect and also a superoxide dismutase activity. Its antiradical effect 
was demonstrated by low temperature electron spin resonance and in a non-enzymatic system (phenazine methosul- 
fate-NADH), and its enzymatic activity was shown by polarographic determination. 
Key words. Ginkgo biloba; superoxide anion;  superoxide dismutase. 


