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In 1664, Dr. Thomas Willis, of Oxford, published his "Cerebri 
Anatome," in which he  described, at the base of the brain, the 
arterial anastomosis which since then has borne his name. In this 
book, there is a very interesting description of an experiment? 
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1 The following account of this experiment is taken from Dr. Wiltis's Practice 
of Physiek (English translation by S. Pordage, London, I684, pt. vi, p. 59). "Let the 
Carotidiek Arteries be laid bare on either side of the Cervix or the hinder part 
of the Head, so that their little Tubes' or Pipes, about half an inch long, may 
be exhibited together to the sight; then let a dyed liquor, and contained in a large 
Squirt or Pipe, be injected upwards in the trunk of one side, after once or twice 
injecting, you shall see the tincture or dyed liquor to descend from, the other 
side by the trunk of the opposite Artery: yea, if the same be more copiously 
injected towards the Hea& from thence returning through the Artery of the 
opposite side, it will go thorow below the Praecordia, even to the lower Region 
of the Body; when in the meantime, little or nothing of the same tincture is 
carried thorow the outward and greater Jugular Veins. Then the Head being 
opened, all the Arteries, before the entrance of the Head, and the Veins of the 
same band with them~ will be imbued with the color of the same injected liquor. 
Further, in the Vessels which constitute the wonderful Net, and which cover the 
Basis of the Brain, some footsteps of the same tincture will appear. But that 
this liquor doth descend so plenfiful,ly by the opposite Artery, and not by the 
Jugular Vein, either associate or opposite, the reason is, because it cannot enter 
those Veins, unless the region of the whole Brain, being first passed thorow, it 
had entered the bosom; but the liquor being plentifully injected, could not so 
suddenly pass thorow the very small Vessels covering the Brain: wherefore 
rather than the force should be carried to the Brain by the violent impulse of 
the liquor, it returning from the injection, and otherwise threatening a flood to 
the Brain, finds the way of receding also by the opposite Arteries, for that end, 
both before they enter the Brain, and after they have entered it, eommunicating 
among themselves. 

"And here we cannot sufficiently ad~nire so provident (and to be equalled by 
no mechanical Art) a dispensation of the blood within the confines of the Brain. 

348 
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As the result of this experiment and of the conclusions drawn 
therefrom by Willis, for two hundred and, fifty years we have 
believed that it was the function of the circle of Willis to equalize 
the blood supply to all parts of the brain. We had come to regard 
this anastomosis as a kind of reservoir from which the different 
parts of  the brain drew their blood supply through the various 
arteries leading from the circle. 

The conditions in the living animal under physiological condi- 
tions seemed, however, worthy of investigation. In the experi- 
ments now to be described, fifty dogs and three monkeys were 
used. 

The animals were anesthetized with ether, and two cubic centi- 
meters of a 3 per cent. solution of methylene blue were injected into 
a carotid or vertebral artery by means of a fine hypodermic needle. 
The circulation of the blood in the artery that was being injected 
was not interfered with except by the insertion of the needle. Just 
enough pressure was used in the syringe to overcome the arterial 
blood pressure. The animals were killed by opening the heart two 
minutes after the injection of the methylene blue. The brain and 
spinal cord were then removed and the distribution of the methy- 
lene blue was noted. The results obtained were surprisingly 
constant. 

Area of the Carotid Artery.--On injection into one carotid 
artery, the other carotid and both vertebrals being unobstructed, 
the methylene ,blue was distributed to all that part of the 
cerebral hemisphere which is supplied by the anterior and middle 
cerebral arteries, by the anterior choroid, and by the posterior 

For in as much as the Carotldick Arteries do communicate between themselves 
in various places, and are mutually ingrafted;  from thence a double benefit 
results, though of a contrary effect: because by this one and the same means 
care is taken, both lest the brain should be defrauded of its due watring of the 
blood, and also les~ it should be overwhelmed by the too impetuous flowing of 
the swelling stream or  torrent. As  to the first, lest that should happen, one of 
the Carotids perhaps being obstructed, the other might supply the provision of 
both; then, lest the blood rushing with too full a torrent, should drown the 
channels and little Ponds of the brain, the flood is chastised or hindered by an 
opposite emissary, as it were a Flood-gate, and so is commanded to return its 
flood, and haste backward by the same ways, and to run back with an ebbing 
Tide." 
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communicating arteries on the same side as that on which the injec- 
tion was made. As a rule, the anterior portion of the frontal lobe 
on the opposite side was also stained; that is, there was some cross- 
ing over of the stain in the region of the anterior cerebral artery, 
but not into the other vessels. 

The following parts of the cerebrum were stained after carotid 
injection in the living dog: The entire surface of the cortex of the 
cerebrum on the side of the injection, except the posterior aspect 
of the occipital lobe which rests on the tentorium. On the median 
and basal surfaces of the homolateral cerebral hemisphere, all that 
area which is in front of and above the section of the corpus cal- 
losum. The part that is below and behind was unstained. On 
the side opposite the injection, the olfactory lobe and the anterior 
central gyrus were stained. The centrum ovale was stained in the 
areas corresponding to the stained cortex outside of it. The fol- 
lowing structures were also stained: the corpus callosum, both 
caudate nuclei, the anterior commissure, the anterior pillars of the 
fornix, the tela and choroid plexuses of the third and lateral ven- 
tricles, the septum lucidum, the optic chiasm, the infundibulum, and 
pituitary gland; and on the homolateral side, the anterior third of 
the crusta of the peduncle, the lenticular nucleus, the internal cap- 
sule, and the regio subthalamica and the claustrum. 

In Macacus sinicus, the posterior two thirds of the occipital lobe 
was unstained after carotid injection. Otherwise the staining cor- 
responded to that described in the dog (figures I, 2, and 3)- 

Area of the Vertebral Artery.--I f  methylene blue is injected into 
one of  the vertebral arteries in the living dog, the other vertebral 
artery and both carotids being unobstructed, the stain is distributed 
to those parts of the brain and spinal cord supplied by both verte- 
bral arteries, the basilar artery and both posterior cerebral arteries 
and their branches. 

The following structures were stained on both sides: the upper 
dorsal and the entire cervical part of the spinal cord, the medulla 
oblongata, the tela and choroid plexus of the fourth ventricle, the 
pons, the cerebellum, the corpora quadrigemina, the nucleus ruber, 
the posterior two thirds of the crusta~ of the peduncles, the pulvi- 
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nar, the optic thalamus, the corpora mammillaria, and the body and 
posterior pillars of the fornix. 

In addition, the following structures were stained: all that por- 
tion below and behind the corpus callosum on the median and 
basal surfaces of both hemispheres; the posterior or tentorial sur- 
face of both occipital lobes, and both the first external (medial) 
gyri on the upper surface. In the dog, the distribution of the 
carotid and vertebral cortical areas overlap in both external or 
medial gyri (figure 4). In Macacus sinicus, the posterior two thirds 
of both occipital lobes was stained after vertebral injection. 

If one vertebral artery is tied and the other injected, then the 
distribution of the stain is incompletely bilateral in the parts sup- 
plied by the vertebrals; that is, the staining is incomplete on the 
side on which the vertebral was tied. If  one carotid was tied and 
the other injected, no appreciable or constant difference in distri- 
bution could be noted; that is, the parts were stained as in the 
experiments in which one carotid was injected, the other carotid 
being unobstructed. If both carotids or both vertebrals are tied and 
one of the other arteries is injected, then the separation of the 
areas disappears and the stain is carried forward or backward as 
the case may be. In other words, the circle of Wi.llis is an antero- 
posterior anastomosis between the carotids and the vertebrals, 
which under physiological conditions does not permit the mingling 
of the blood streams. \Vhen, however, either the anterior or pos- 
terior arteries are completely blocked, then the anastomosis will 
supply blood to the areas of the central nervous system supplied by 
the blocked vessels. 

It may be said, in passing, that this separation of the areas of 
supply is true of all arterial anastomoses under physiological con- 
ditions. Thus, if one injects the carotid artery of one side in the 
living dog with methylene blue, the other carotid being unob- 
structed, one lobe and the homolateral half of the isthmus of the 
thyroid gland, and the homolateral half of the tongue are stained 
blue, although both of these organs have a very rich anastomosis 
crossing the middle line. If, however, the injection is made into one 
carotid after the other is tied, then the stain crosses the middle 
line in both the tongue and the thyroid gland. 
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I f  the above experiments have been correctly interpreted, we 
ought to have a pharmacological method of verifying our results. 
If, namely, only the blood of the vertebral artery goes to the me- 
dulla oblongata, and not that of the carotid or a mixture of both, 
then the injection into the vertebral artery of a very minute quan- 
tity of  certain "bulbar" poisons ought to produce on the centers in 
the medulla results which they would not cause when injected into 
the carotid. Such experiments were accordingly made, and these 
have given results that are entirely confirmatory. 

The method was as follows: Dogs were narcotized with ether, 
the blood pressure in the femoral artery was recorded with a mer- 
cury manometer, and ,the respirations by means of the Gad aero- 
plethysmograph, which gives a quantitative record of both inspira- 
tion and expiration. In all the tracings, the upstroke represents 
expiration, and the downstroke inspiration. The moment of injec- 
tion was recorded by means of an electric signal. The experiments 
here described were made with alcohol, ether, and chloroform. 

I f  two cubic centimeters of a 2 5 per cent. solution of ethyl alcohol 
are injected into a carotid artery (figure 5), no effect on the circu- 
lation or respiration is regularly produced. At times the injection 
may be followed by a slight fall in blood pressure, but oftener there is 
no change in the circulation. I f  the same or even a smaller amount 
of the same solution is injected into one of the vertebral arteries, 
it is immediately followed by lessened respiration, then a stoppage 
of breathing in inspiration lasting for a few seconds, with a gradual 
recovery of respiration. The blood pressure curve is very charac- 
teristic: immediately following the injection there are a few 
"vaga l "  beats, that is, a slowing of the heart with wide excursions, 
due to irritation of the vagus centre, followed by a prolonged fall 
in pressure to be succeeded by a gradual recovery to the pressure 
which obtained before the injection (figure 6). 

With stronger alcohol, such as a 5o per cent. solution, similar 
effects though of greater intensity are produced. That  is, the stop- 
page of  respiration is more prolonged and may return only after arti- 
ficial respiration, and the fall in blood pressure is more pronounced 
(figure 7). 
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Exactly the same results follow the injection of ether in minute 
doses. Figures 8 and 9 are tracings obtained from a dog follow- 
ing the carotid and vertebral injection of two cubic centimeters 
each, of  a solution of ether in water at 24 ° C. 

I f  pure ether in amounts as low as 0.2 of a cubic centimeter is 
injected into the vertebral artery, the respiratory center may be 
completely and permanently narcotized and cannot be restored by 
artificial respiration (figure IO). The injection of the sameamount  
into the carotid artery produces little or no effect. 

Chloroform is soluble in water in amounts that are less than I 
per cent., but the difference in effect between carotid and vertebral 
injection may be plainly demonstrated with chloroform water. 

Figure I I is a tracing obtained while injecting two cubic centi- 
meters of chloroform water into the right Carotid artery of a dog. 
No effect upon either respiration or circulation was produced. 

Figure I2 is a tracing from the same dog while injecting the 
same amount of chloroform water into the vertebral artery. We 
see the slow "vagal" heart beats and the drop in blood pressure. 
Expirations are markedly diminished in amplitude, though there 
is no complete stoppage of respiration. 

I f  we inject into the vertebral artery of a dog o.13 of a cubic 
centimeter of pure chloroform, it is followed by complete stoppage 
of respiration in inspiration. No recovery takes place after  arti- 
ficial respiration for fifteen minutes; the heart beats are markedly 
slowed, and the blood pressure falls (figure 13). 

The injection of twice the amount into the carotid artery pro- 
duces no effect on the respiration. There is a fall in blood pressure 
from which the recovery is prompt, but there is no slowing of the 
heart such as follows irritation of the vagus center (figure 14). 

If, in all these experiments, the drug is dissolved in defibrinated 
blood obtained from the same animal, exactly the same results are 
obtained. This was done to rule out the possible production of 
embolism in the vessels of  the brain. 

It  is also to be noted that if these injections be made with both 
vagus nerves divided, then the vagal slowing of the heart and the 
drop in blood pressure does not occur. Instead, there is a marked 
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rise in blood pressure due to stimulation of the vasomotor center 
in the medulla oblongata. 

The fact that the circle of Willis is an antero-posterior anasto- 
mosis that operates only when either the carotid or vertebral arteries 
are tied, may also be demonstrated pharmacologically. 

The injection of o.33 of a cubic centimeter of chloroform into the 
right carotid produced a fall in blood pressure from which there was 
a quick recovery (figure I5). The respiratory and vagus centers 
were unaffected. Both vertebral arteries were then tied, and the 
same amount of chloroform injected into the right carotid pro- 
duced complete and permanent stoppage of respiration with vagal 
slowing of the heart and fall in pressure, the usual effect after 
vertebral injection. 

One may also demonstrate by a glass model of the circle of 
Willis the separation of the areas supplied by the carotid and the 
vertebral arteries. 

I have constructed such a model (figure I6). It has four rubber 
tubes representing the two carotid and the two vertebral arteries. 
These are connected with a large tube, which represents the aorta, and 
the aorta is connected with a pressure bottle filled with water. Water 
under a pressure of I5o millimeters of mercury was then circulated 
through the entire system. While the water was running through 
and out of the six capillary tubes that represent the anterior, 
middle, and posterior cerebral areas, a few drops of a methylene 
blue solution were injected into one of the rubber carotid tubes. 
The blue colored water was distributed to the two anterior branches, 
to the homolateral middle branch, to the homolateral posterior 
communicating branch up to the posterior cerebral branch. Here, 
however, it stopped and none of the blue fluid was carried out of the 
posterior cerebral branch. This is the dead point, the place where 
the opposing, streams from the carotid and vertebral arteries (through 
the basilar) meet, and, the pressure being equal, the streams do 
not mix. 
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EXPLANATION OF PLATES. 

PLATI~ 52. 

The photographs are colored to show the distribution of the stain. 
Fro. I. The brain of a dog after the injection of methylene blue (intra 

vitam) into the right carotid artery. 
FIG. 2. A horizontal section of the brain of a monkey (Macacus sinicu$) 

after the injection of methylene blue (ir}tra vitam) into the right carotid artery. 
FIO. 3- The brain of a Macacus sinicus mon~key (basal aspect) after the 

injection of methylene blue (intra vitam) into the right carotid artery. 
FIG. 4. The brain of a dog after the injection of methylene blue (intra 

vitam) into the right vertebral artery. 
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FIG. Z. FIG. 2. 

PLATE 52. 

FIG. 3. FIG. 4. 
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PLATE 53. 

In all the tracings, the upper line indicates the time in seconds; the second 
line indicates the blood pressure in the femoral artery (central) ; the third line, 
respiration. The up-stroke represents expiration, and the down-stroke inspira- 
tion; the lowest line indicates the time of injection. 

Fins. 5, 6, and 7. Tracings obtained from experiments made to show the 
difference in action between injection into the carotid, and vertebral arteries. 
The vertebral injection is followed by a marked interference in respiration, and 
vagus irritation with fall in blood pressure. I f  the dosage is large enough, the 
respiration ceases and begins again only after artificial respiration. 
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PLATE 54. 

FITS. 8, 9, and IO. These tracings show the action of ether after injection 
into the carotic~ and vertebral arteries. The injection into the carotid of small 
doses is without effect. After vertebral injection, there follows stoppage of 
respiration, yagal irritation, and a fall in blood pressure. In the experiment 
from which figure IO was obtained, cessation of respiration was permanent, in 
spite of the fact that artificial respiration was continued for ten minutes. 
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PLATE 55- 

FtGS. II, I2, I3, and I4. Tracings showing the action of chloroform after 
injection into the carotid and vertebral arteries. The action is similar to that 
of alcohol and ether. 
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PLATE 55 . 

FIG. 15. Tracing obtained from an experiment in which chloroform was 
injected into the carotid a r~ry  before and' after ligatlon of both vertebral 
arteries. When both vertebral arteries are closed, the cMoroform is partly 
carried directly to the centers in the med~ulla, and an effect similar to that 
which follows vertebral injection, as shown in figure I3, is produced. 

FIG. 16. Model of the circle of Willis. A and A '  represent the anterior cere- 
bral branches; M and M', the middle cerebral branches; P and P', the posterior 
cerebral branches; V and V', two vertebral tubes uniting to form the basilar, B;  
C and C', the carotid tubes. A hypodermic needle is inserted into one carotid. 
The arrows indicate the anterior and posterior limits of the blue stain when 
injected as indicated. 
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