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The diameters of the small arteries feeding 
a microcirculatory bed are determined by 
the interaction of a number of controlling 
factors. Neural, humoral, and physical 
factors all interact to modulate the arterial 
diameter based on the prevailing local and 
systemic conditions. The neural and 
humoral systems are undoubtedly active 
mechanisms involved in feedback control 
systems to regulate tissue flow. However, 
changes in diameter as a result of physical 
forces, namely, changes in intralumenal 
pressure, may simply be a local response 
resulting from changes in vessel wall stress- 
es. There are a number of experimental 
and pathological conditions in  which 
studies of microvascular diameters are ac- 
companied by significant decreases in sys- 
temic pressure. For example, previous 
studies (1, 2) have shown that severe sys- 
temic hypoxia in the rat produced a sub- 
stantial decrease in arterial pressure, and 
direct measurement of small artery diame- 
ters in the rat cremaster muscle showed 
significant decreases in diameter during the 
hypoxic forcing (3). Since the decreases in 
artery diameter are accompanied by de- 
creased systemic pressure, it is logical to 
assume that at least a portion of the diame- 
ter change could be due to simple mechani- 
cal relaxation of the vessel wall caused by 
decreased intralumenal pressure. 

To determine the responses of the small 
arteries in the rat cremaster muscle to de- 
creased intralumenal pressure, we per- 
formed graded occlusions of the abdominal 
aorta to reduce the pressure perfusing the 
cremaster muscle, while measuring the di- 
ameter of the cremasteric microvessels. 
The results obtained should help to deter- 
mine the contribution of changes in in- 
tralumenal pressure to the changes in diam- 
eter of these small vessels during conditions 
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which involve substantial decreases in 
perfusion pressure such as hemorrhage, 
systemic hypoxia, anaphylactic shock, or 
hypotension. 

Materials and methods. The results re- 
ported in this study were obtained using 
male, Sprague-Dawley rats anesthetized 
with sodium pentobarbital (50 mg/kg, ip). 
Alterations in the pressure perfusing the 
cremaster muscle were induced by partial, 
graded occlusion of the abdominal aorta. A 
midline abdominal incision was used, and 
the intestines pushed aside to expose the 
aorta. A short loop of umbilical tape was 
then placed under the aorta, just above the 
bifurcation, and this loop was brought out 
through the abdominal incision. By clamp- 
ing the ends of the umbilical tape with a 
hemostat and gently rotating the loop, 
graded occlusions of the aorta could be in- 
duced, decreasing the perfusion pressure 
downstream. Blood pressure was obtained 
by cannulating the left femoral artery with 
polyethylene tubing (PE 100) pulled to a 
fine taper, and filled with a heparinized 
saline solution (0.9% NaCl, 10 units/ml 
heparin). The cannula was connected to a 
straingauge transducer (Statham P23Db) 
and the mean arterial pressure was re- 
corded on a chart recorder (Grass Instru- 
ments Model 7D). The blood pressure at the 
femoral cannula responded rapidly to 
changes in the diameter of the abdominal 
aorta and could be controlled by altering 
the degree of aortic occlusion. 

To determine the changes in vascular di- 
ameter associated with changes in perfu- 
sion pressure the small artery in the right 
cremaster muscle was directly observed 
using an intravital television microscopy 
system. The surgical preparation of the 
cremaster muscle employed is a modifica- 
tion of the techniques developed by Majno 
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(4) and Baez (3, and is described in detail 
elsewhere (6). Briefly, the scrota1 sac was 
cut longitudinally and the testicle was 
gently teased away from the sac. The testi- 
cle was then cleared of connective tissue to 
expose the underlying cremaster muscle, 
which was kept moist with a modified 
Krebs solution (described below) through- 
out the surgical procedure. Next, the cre- 
master muscle was cut longitudinally from 
the distal tip to the external inguinal ring, 
taking care to position the cut as far as pos- 
sible from the major artery and vein which 
entered the muscle. After this incision, the 
testicle was gently pulled away from the 
cremaster muscle and was pushed through 
the inguinal canal into the abdominal cav- 
ity. The rat was then placed on his back on 
a heating pad and positioned on a Plexiglas 
board fitted with a cremaster bath chamber. 
The cremaster muscle was secured in a rel- 
atively flat position over a cover glass 
within the chamber by five ties of 5-0 suture 
which were placed at equal intervals around 
the margin of the cut muscle. The bath 
chamber was then filled with a modified 
Krebs solution (25.5 mM NaHCO,, 112.9 
m M  N a C l ,  4 . 7  m M  K C I ,  2 . 5  m M  
CaC1,.2H2O, 119 mM MgSO4.7H,O, and 
11.6 mM dextrose) which was heated in- 
termittently by electrical current which 
passed through a coil of nichrome wire 
submerged in, but electrically isolated 
from, the bath chamber. Using this heater 
system, bath temperature was controlled at 
34.5"C. Bath pH was monitored and con- 
trolled at 7.40 * 0.05 units by bubbling 
COz-N, gas mixtures through the bath so- 
lution. Bath PO, and PCO, were approxi- 
mately 40 and 60 mm Hg, respectively, in 
all of the experiments in this study. 

To observe the cremaster circulation the 
image of the transilluminated muscle was 
projected through the third port of a 
trinocular microscope into a television 
camera, and the video image (with ap- 
proximately 8 0 0 ~  total magnification) was 
observed on a TV monitor. The internal di- 
ameter of the vessels studied were deter- 
mined by measuring the diameter directly in 
the TV screen with a clear plastic rule. The 
exact magnification was determined using a 
stage micrometer after each experiment and 

a calibration factor was calculated to con- 
vert the measured diameter (mm) to the 
actual vessel diameter (microns). Diameter 
measurements were recorded at  30-sec 
intervals throughout each experiment. 

The experimental protocol consisted of a 
10-min control period followed by a 10-min 
occlusion period. Throughout both periods, 
mean arterial pressure at the femoral can- 
nula was recorded continuously along with 
the diameter measurements. After the con- 
trol period the abdominal aorta was par- 
tially occluded to reduce the femoral pres- 
sure to a new value, and the pressure and 
diameter were recorded for 10 min. If more 
than one occlusion period was observed in 
any one animal, a 10-min recovery period 
was observed after release of the previous 
occlusion to allow the pressure and vessel 
diameter to return to control values. 

To compensate for differences in control 
pressures and diameters, the mean pressure 
and mean diameter during the control pe- 
riod were determined, and the changes 
which occurred during occlusion were cal- 
culated as percentage changes from these 
control values. Statistical differences be- 
tween the control and occlusion period val- 
ues were determined using the paired Stu- 
dent's t test. 

Results. The responses of the small ar- 
teries in the rat cremaster muscle to reduc- 
tion in perfusion pressure were observed 
during 31 periods of partial aortic occlusion 
in 10 experimental animals. Table I pre- 
sents the body weights and the average val- 
ues during the initial control period for the 
mean arterial pressure (MAP) and small 
artery diameter (AD) for each of the ex- 
perimental animals. The average MAP for 
all 10 animals was 109 k 16.4 mm Hg (all 
data in this manuscript will be expressed as 
mean * 1 standard deviation), while the 
mean diameter for the small arteries for all 
animals was 121 2 14.8 pm. In all cases, the 
small artery in which responses were de- 
termined was the main artery supplying the 
cremaster, which was visualized as close as 
possible to the exit from the inguinal canal. 

In general, decreases in perfusion pres- 
sure were accompanied by rapid and sus- 
tained decreases in small artery diameter, 
and the artery diameters returned rapidly to 
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TABLE I. CONTROL PRESSURES, DIAMETERS, 
A N D  WEIGHTS 

. .  

1 1 86 
2 184 
3 225 
4 121 
5 95 
6 158 
7 137 
8 154 
9 191 

10 176 

X 2 SD 163 ? 37.9 

85 126 
110 144 
112 141 
108 124 
88 94 

125 121 
125 126 
135 106 
95 117 

110 115 

109 ? 16.4 121 2 14.8 

"This table presents the body weight and the aver- 
age blood pressures and small artery diameter studied. 
The first column gives the animal number: the second 
column the animal's body weight in grams: the third 
column the average mean arterial pressure (MAP) 
during the control period (mm Hg): and the last col- 
umn the average diameter (pm) of the small artery 
during the control period. The average values for all 
10 animals ( X  2 SD) are shown at the bottom of each 
column. 

control values upon reinitiation of normal 
perfusion pressure. A typical response 
during one occlusion period is shown in 
Fig. 1. This figure shows the pressure re- 
corded in the femoral artery and the diame- 
ter (recorded at 30-sec intervals) of the 
small cremaster artery during control, oc- 
clusion, and recovery periods each of 10 
min duration. Figure 1 shows that a rapid 
decrease in perfusion pressure from about 
97 to about 50 mm Hg resulted in a rapid 
reduction in small artery diameter from ap- 
proximately 117 to 95 pm in this animal. 
Femoral artery pressure and small artery 
diameter remained relatively constant dur- 
ing the occlusion period, and returned 
rapidly to control, without discernible 
overshoot, when the partial occlusion was 
released. 

A summary of the data for all 31 occlu- 
sion periods is presented in Fig. 2, where 
the percentage decrease in artery diameter 
from control values (DAD) is plotted as a 
function of the percentage decrease in per- 
fusion pressure (Dp).  Each point within this 
figure represents the results of one occlu- 
sion period. The percentage decrease in 
blood pressure for each occlusion was de- 
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F I G .  1. Typical experimental result. This figure 
shows the response of the small artery in the cremaster 
muscle to decreased perfusion pressure. The upper 
record is mean arterial pressure (MAP) in millimeters 
Hg, recorded from a femoral artery cannula. The lower 
record is the diameter (AD) of the small artery in mi- 
crometers. The first 10 min represent a control period. 
During the second 10-min period the abdominal aorta 
was partially occluded, reducing the femoral pressure 
to about 50 mm Hg. During the final 10-min period the 
occlusion was released and the femoral pressure re- 
turned to the control level. Artery diameter decreased 
during the occlusion period and returned to control 
levels upon release of the occlusion. 

termined by sampling the blood pressure 
record at 30-sec intervals and calculating 
the average values for each occlusion pe- 
riod and for the immediately preceding 
control period. Percentage decreases in ar- 
tery diameter were calculated in a similar 

- 5 0  601 ' .  
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fashion. Subsequent occlusions in the same 
animal were not initiated if the blood pres- 
sure was unstable, or if the mean pressure 
during any control period differed by more 
than 5% from the mean of any previous 
control period. Examination of the data 
presented in Fig. 2 showed that substantial 
decreases in small artery diameter accom- 
panied decreases in perfusion pressure. 
Statistical analysis revealed that the per- 
centage decreases in artery diameter for the 
six data points (from three different ani- 
mals) below a 30% decrease in blood pres- 
sure were not significantly different from 
zero response (P > 0.05), whereas all data 
points for pressure decreases greater than 
30% did represent a significant decrease in 
small artery diameter. Therefore, a linear 
regression equation was determined, using 
the method of least squares, for the data 
points with greater than 30% blood pressure 
reduction. This analysis yielded the equa- 
tion: 

where DAD = percentage decrease in small 
artery diameter, and Dp = percentage de- 
crease in perfusion pressure. This line has 
been plotted in Fig. 2 .  The correlation 
coefficient for this equation, Y = 0.89,  
indicates a significant correlation (P < 
0.01) between the amount of blood pressure 
decrease and the amount of artery diameter 
decrease when the blood pressure decrease 
is greater than about 30% of control values. 
Calculation of the x-intercept for this re- 
gression equation yields a value of 28.52. 
The slope of the regression (0.98) indicates 
that, for perfusion pressures less than 30% 
of control, essentially a one-to-one re- 
lationship exists between the artery diam- 
eter and the perfusion pressure, i.e., a 10% 
decrease in perfusion pressure is associated 
with a 10% decrease in the diameter of the 
small arteries . 
Discussion. The results presented in 

this study indicate that substantial de- 
creases in the diameter of the small arteries 
in the rat cremaster muscle accompany de- 
creases in perfusion pressure in excess of 
about 30% of the control value. Blood pres- 
sure was measured at the femoral artery 
while graded occlusion of the abdominal 

aorta was used to reduce the pressure per- 
fusing the cremaster muscle. It has been as- 
sumed that the femoral artery pressure is a 
reflection of the pressure at the major ar- 
tery supplying the cremaster at the point 
where this artery first becomes visible in 
the in vivo preparation. The anatomical 
basis for this justification is that the cre- 
masteric artery is derived from the external 
spermatic artery, which branches directly 
from the femoral (7). Bohlen et al. (8) mea- 
sured pressures directly in the rat cremaster 
using a servo-null system and found that the 
pressures in the first order arterioles (84.5 
pm diameter) were approximately one-half 
of the systemic pressures. Although these 
vessels were slightly smaller than the ves- 
sels observed in the present study (possibly 
due to differences in animal weight or in the 
area of observation within the cremaster) 
this data does suggest that the pressure in 
these vessels will be somewhat lower than 
systemic pressure. In any case, the per- 
centage change in pressure within the cre- 
master small artery during aortic occlusion 
should be very similar to the percentage 
change in femoral pressure, and, since we 
have not attempted to calculate wall stress- 
es, an exact knowledge of the absolute 
values of the pressures within these vessels 
is not necessary. 

We were initially concerned that partial 
occlusions of the abdominal aorta might 
substantially alter pressures proximal to the 
occlusion and thus evoke other mecha- 
nisms (e.g. carotid baroreceptor) that 
would influence the diameter of the mi- 
crovessels under study. To test this, we con- 
ducted a series of preliminary studies in 
which blood pressures were recorded at the 
femoral artery and the carotid artery before 
and during occlusions of the abdominal 
aorta. Rapid total or graded occlusion of the 
abdominal aorta did not alter carotid artery 
pressure i;Tp these studies, and, therefore, 
central barureceptor mechanisms should 
not have contributed to the observed 
changes in cremaster arteriolar diameters. 

The small artery diameters in this study 
decreased rapidly upon reductions of the 
intravascular pressure greater than 30% of 
control, and they remained essentially con- 
stant as long as the decreased pressure was 
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maintained. However,  since flow mea- 
surements were not determined, and since 
this study did not involve observations at 
the smaller arteriolar level, one cannot con- 
clude from this data that autoregulation is 
absent. In addition, responses such as  those 
presented in Fig. 1 show no overshoot in 
artery diameter upon release of the occlu- 
s i o n ,  which  sugges ts  t h a t  a r e a c t i v e  
hyperemia was not present. However, it 
must be emphasized again that we did not 
make flow measurements, and it is possible 
that hemodynamic changes downstream 
could have resulted in increases in velocity, 
and hence increased flow, without substan- 
tial increases in diameter beyond the con- 
trol level. 

Overall, the results of this study indicate 
that the diameters of the small arteries 
within the cremaster muscle can decrease 
directly in response to reductions in in- 
tralumenal pressure, and that this response 
becomes quantitatively significant when 
systemic pressures are reduced by amounts 
greater than about 30% of their control val- 
ues. Studies of these vessels which involve 
experimental forcings which result in sys- 
temic pressure alterations of this magnitude 
should take this into consideration, and the 

data presented in this study provides a 
mechanism for quantitative evaluation of 
the magnitude of this component. 
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