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Abstract: Cerebral artery structure has not been extensively studied in primates. The aim of this study was to 
examine the cerebrovascular anatomy of cynomolgus monkeys (Macaca fascicularis), which are one of the most 
commonly used primates in medical research on human diseases, such as cerebral infarction and subarachnoid 
hemorrhage. In this study, we investigated the anatomy and diameter of cerebral arteries from 48 cynomolgus 
monkey brain specimens. We found three anatomical differences in the vascular structure of this species compared 
to that in humans. First, the distal anterior cerebral artery is single. Second, the pattern in which both the anterior 
inferior cerebellar artery and posterior inferior cerebellar artery branch from the basilar artery is the most common. 
Third, the basilar artery has the largest diameter among the major arteries. We expect that this anatomical 
information will aid in furthering research on cerebrovascular disease using cynomolgus monkeys.
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Introduction

The structure of the anterior cerebral artery (aCa) 
differs depending on the monkey type. Specifically, 
similar to humans, orangutans present with two distal 
anterior cerebral arteries bilaterally [1]. In chimpanzees 
and rhesus monkeys, the proximal part of the anterior 
cerebral arteries on both sides are reported to be merged 
at the distal part [1]; additionally, studies have reported 
that the distal ACA is singular after the proximal arteries 
on both sides merge in rhesus monkeys [2, 3]. The an-
terior inferior cerebellar artery (AICA) and posterior 
inferior cerebellar artery (PICA) are reported as common 
trunks in the baboon [4]. However, in monkeys, the cer-
ebellar artery structure has not been examined in depth.

As one of the experimental animals closest to humans, 
the cynomolgus monkey (Macaca fascicularis) is used 
for studying various diseases, such as infectious and 
neurodegenerative diseases [5]. Although cynomolgus 
monkeys are also used in the study of cerebrovascular 
disorders, such as subarachnoid hemorrhage [6–9] and 
cerebral infarction [10, 11], detailed cerebral vascular 
anatomy of cynomolgus monkeys is unavailable. To 
facilitate cerebrovascular disease research using cyno-
molgus monkeys, we investigated the cerebral vascular 
structure and blood vessel diameter from 48 cynomolgus 
monkey specimens.
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Materials and Methods

Forty-eight adult female cynomolgus monkey brains 
were used for this study. Of the 48 monkey brains, 17 
were imported from China, 13 from Indonesia, 9 from 
Vietnam, 3 from the Philippines, and 2 from Cambodia. 
The remaining four brains were from monkeys bred at 
the study facility. The average age of the monkeys was 
9.7 years (range: 4.9–15.6 years), and the average weight 
was 3.3 kg (range: 2.0–5.6 kg). All monkeys in this ex-
periment were used in non-neurological research. The 
brains were used only in biogenetic technology, obstet-
rics and gynecology, and ophthalmology studies, and not 
in brain and cerebrovascular studies.

Of the 48 monkeys, 42 were euthanized at the conclu-
sion of the experiment, and six died of a non-neurolog-
ical illness. After the experiments complete, the monkeys 
were sedated with ketamine (5 mg/kg) and xylazine (1 
mg/kg) intramuscularly, and then given 1–2 ml of pen-
tobarbital sodium (64.8 mg/ml) until their eyelash reflex 
disappeared. Then, the left ventricle was punctured, and 
as much blood as possible was removed. After man-
dibular breathing was confirmed, 7–8 ml of pentobarbi-
tal sodium (64.8 mg/ml) was given transvenously. Once 

euthanasia was confirmed, intracranial arteries were 
perfused with physiological saline from the left ventricle 
to wash out the blood clots and then they were perfused 
with 10% formalin. Next, craniotomy was performed; 
the brains were extracted and fixed with 10% formalin. 
After the second day, the intracranial arteries were 
stripped under a microscope. Images of the cerebral ar-
tery were taken using a microscope with a camera (SMZ-
o®, Nikon Corp., Tokyo, Japan) for the analysis of 
branching patterns and measurement of cerebral artery 
diameter (Fig. 1).

Next, the diameters of cerebral arteries of 33 monkeys 
of known age and weight were measured using ImageJ 
[12]. Six monkeys that died of disease were excluded. 
The outer diameter was measured as described for mea-
suring cerebral artery diameter [13–15] (Fig. 2). The 
internal carotid artery (ICA) was measured distal to the 
anterior choroidal artery (AchA). The ACA was mea-
sured at the middle of the horizontal part of the ACA 
(A1) and at the distal portion where the bilateral ACA 
merged (A2). The middle cerebral artery (MCA) was 
measured at the middle of the iCa and bifurcation of the 
MCA (M1). The posterior cerebral artery (PCA) was 
measured at the middle of the top of the basilar artery 

Fig. 1. The observation of cerebrum was conducted from the bottom of the frontotemporal lobes (A), and from the 
bottom of the cerebellar and brain stem (B). The Circle of Willis was observed after striping the intracra-
nial arteries from the brain (C). The vertebral artery, basilar artery, and cerebellar arteries were also de-
tected (D). In this figure, the anterior cerebral artery of the monkey is classified as single type.
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(BA) and the posterior communicating artery (P1). The 
BA was measured at the middle of the top of the BA and 
the union of bilateral vertebral arteries (BA trunk). The 
vertebral artery (VA) was measured proximal to the 
union of the BA. The posterior communicating artery 
(Pcom) and AchA were measured at the origin of the 
bifurcation from the ICA. The superior cerebellar artery 
(SCA) was measured at the origin of the bifurcation from 
the BA. The AICA and PICA were measured at the ori-
gin of the bifurcation from the BA or VA. The median 
and interquartile range (IQR) were calculated for each 
cerebral artery diameter. The Wilcoxon signed-rank test 
was used to determine whether there was a statistical 
difference in cerebral artery diameters between subjects. 
Moreover, the Holm’s correction method was used to 
correct for multiplicity (Table 1, Supplementary Table 
1). Pearson’s correlation analysis was performed to as-
sess whether weight and age had a relationship with the 
circumference of cerebral arteries (Table 2). Statistical 
analyses were performed using SPSS software version 
26, and the level of statistical significance was set at 
P<0.05.

The Animal Care and Use Committee at Shiga Uni-
versity of Medical Science approved this study. In this 
experiment, 42 monkeys were euthanized per the regula-
tions of our institution for experimental animals.

Results

Cerebrovascular structure
The ACA and MCA divide from the end of the ICA. 

The aCa divides medially and runs into the interhemi-
spheric fissure. In 29 of 48 (60.4%) cases, the left and 
right ACAs merged (single type). In 16 (33.3%) cases, 
one ACA divided into two arteries near the confluence 
and then rejoined distally (fenestration type). In 3 (6.3%) 
cases, two ACAs (double ACA type) were found dis-
tally. In two of these three cases, the two arteries ran 
parallel to each other vertically. In the remaining one, 
two arteries merged distally (Fig. 3).

The MCA runs laterally after branching off the ICA. 
In total, 96 branching patterns of the horizontal section 
of this artery were analyzed. Bifurcation and trifurcation 
types were observed in 80 (83.3%) and 16 (16.7%) ves-
sels, respectively.

The iCa branches into the Pcom and acha, in that 
order, from the proximal side before branching into the 
ACA and MCA. The Pcom was lost in one case (2 ves-
sels), and the AchA was lost in three cases (4 vessels) 
during brain sampling or artery stripping. The Pcom was 
confirmed in all 47 cases (94 vessels) examined. For the 
AchAs, 3 (3.3%) vessels were absent out of 45 cases (90 
vessels).

In the posterior fossa, the bilateral VAs join to form 
the BA, and the bilateral PCA branch from the BA. The 

Fig. 2. Measured sites of cerebral artery diameter.

Table 1. The diameter of cerebral arteries of cynomolgus 
monkey in this study

median [IQR] Group

Ba trunk 1.37 [1.15, 1.52] a
Lt.VA 1.14 [0.94, 1.30] b
Rt.VA 1.03 [0.87, 1.22] b
Lt.ICA 1.13 [1.02, 1.25] b
Rt.ICA 1.10 [0.95, 1.29] b
Lt.M1 0.87 [0.74, 1.00] c
Rt.M1 0.91 [0.74, 1.00] c
a2 0.68 [0.57, 0.77] d
Lt.P1 0.68 [0.59, 0.78] d
Rt.P1 0.69 [0.60, 0.82] d
Lt.A1 0.61 [0.51, 0.76] d,e
Rt.A1 0.62 [0.54, 0.73] d,e,f
Lt.PICA 0.55 [0.45, 0.64] f,g
Rt.PICA 0.54 [0.46, 0.61] f,g
Lt.SCA 0.49 [0.46, 0.59] g
Rt.SCA 0.49 [0.41, 0.53] g
Lt.Pcom 0.47 [0.37, 0.62] e,g,h
Rt.Pcom 0.46 [0.37, 0.54] g,h
Lt.AchA 0.41 [0.32, 0.45] h,i
Rt.AchA 0.40 [0.32, 0.43] h,i
Lt.AICA 0.34 [0.26, 0.38] i
Rt.AICA 0.33 [0.25, 0.39] i

interquartile range (IQR) [25%, 75%]. There are significant 
differences between different groups, but there are no signifi-
cant differences within the same group.



K. TSUJI, ET AL.

394 | doi: 10.1538/expanim.22-0002

SCA bifurcates proximal to the PCA of the BA. The SCA 
could be identified in all cases. The branching pattern of 
the AICA and the PICA was examined at 96 sites on the 
left and right sides of 48 monkeys. A total of 66 (68.8%) 
sites, where both the AICA and PICA diverged from the 
BA and 9 (9.4%) sites, where the AICA diverged from 

the BA and PICA diverged from the VA, were observed. 
A total of 8 (8.3%) sites, where the AICA diverged from 
the BA and the two PICAs diverged from the BA and 
VA (double origin) were also observed. In cases of 
double origin, two vessels were fused distally. There 
were 2 (2.0%; one monkey) sites where both the AICA 
and PICA diverged from the VA. The common trunk of 
the AICA and PICA was found at 11 (11.5%) sites (Fig. 
4).

Diameter of cerebral artery
The diameter of the BA was the largest and that of the 

ICA and VA was the second largest (Table 1). The AICA 
had the smallest diameter. The diameter of the cerebral 
artery gradually decreased peripherally (e.g., from the 
ICA to A1 and M1). However, the diameter of the distal 
ACA (A2) was larger than the horizontal section of the 
ACA (A1), although no significant difference was ob-
served (Table 1).

We observed a weak positive correlation between age 
and most arteries, except Lt.A1, Lt.ICA, Lt.AchA, Rt.
AICA, Lt.PICA, where a weak negative correlation was 
noted. However, a significant positive correlation be-
tween age and BA trunk as well as Rt.VA was observed. 
This clearly explains that age may not influence the di-
ameter of each cerebral artery (Table 2).

There was a weak positive correlation between body 
weight and diameter of most arteries, except Rt.ICA, 
Rt.A1, Rt.M1, Lt.Pcom, and Rt.Pcom, where a weak 
negative correlation was noted. However, because there 
was no statistically significant correlation between any 
of the pairs analyzed, we concluded that the weight of 
the monkey does not influence cerebral arterial diameter 
(Table 2).

Discussion

In total, 93.7% of the cynomolgus monkeys studied 
here exhibited a single ACA, including the fenestration 
type. Although two distal ACAs were found in 6.3% of 
the cases, these arteries ran vertically-parallel, suggest-
ing that these two arteries presumably corresponded to 
the pericallosal artery and the callosomarginal artery, 
rather than duplicated ACAs. Many primates, including 
cynomolgus monkeys have only a single distal ACA, 
also known as azygous ACA, which is however, only 
observed at a frequency of 0.2–4% in humans [16].

It is well-known that the ACA in humans exhibits 
several variations and anomalies depending on the de-
gree of relative development of the left and right ante-
rior cerebral artery and the median artery of the corpus 
callosum [17]. Azygous ACA is considered a remnant of 

Table 2. Correlation between cerebral artery diameter and weight 
and age

Weight Age

a2 Pearson’s Correlation 0.050 0.188
P-value 0.784 0.294

Lt.A1 Pearson’s Correlation 0.292 −0.058
P-value 0.099 0.750

Rt.A1 Pearson’s Correlation −0.111 0.055
P-value 0.539 0.76

Lt.ICA Pearson’s Correlation 0.071 −0.042
P-value 0.693 0.816

Rt.ICA Pearson’s Correlation −0.135 0.100
P-value 0.453 0.578

Lt.M1 Pearson’s Correlation 0.068 0.276
P-value 0.706 0.12

Rt.M1 Pearson’s Correlation −0.035 0.336
P-value 0.846 0.056

Lt.AchA Pearson’s Correlation 0.037 −0.113
P-value 0.840 0.533

Rt.AchA Pearson’s Correlation 0.034 0.092
P-value 0.851 0.610

Lt.Pcom Pearson’s Correlation −0.106 0.284
P-value 0.555 0.109

Rt.Pcom Pearson’s Correlation −0.165 0.169
P-value 0.359 0.347

Lt.P1 Pearson’s Correlation 0.064 0.024
P-value 0.725 0.895

Rt.P1 Pearson’s Correlation 0.072 0.122
P-value 0.691 0.501

Lt.SCA Pearson’s Correlation 0.141 0.253
P-value 0.435 0.155

Rt.SCA Pearson’s Correlation 0.087 0.174
P-value 0.632 0.334

Lt.AICA Pearson’s Correlation 0.031 0.148
P-value 0.865 0.411

Rt.AICA Pearson’s Correlation 0.026 −0.002
P-value 0.885 0.991

Lt.PICA Pearson’s Correlation 0.197 −0.044
P-value 0.271 0.810

Rt.PICA Pearson’s Correlation 0.048 0.177
P-value 0.791 0.325

Ba trunk Pearson’s Correlation 0.087 0.399*
P-value 0.631 0.022

Lt.VA Pearson’s Correlation 0.232 0.217
P-value 0.194 0.226

Rt.VA Pearson’s Correlation 0.113 0.389*
P-value 0.531 0.025

*Correlation is significant at the P<0.05 level. Tests were two-
tailed.
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the median artery of the corpus callosum in humans [18, 
19]. The single artery at the distal part of ACA in cyno-
molgus monkeys is likely to develop in a similar manner.

The frequency of ACA fenestration in cynomolgus 
monkeys is reported to be 33.3%, which is higher than 
the observed range of between 0.1% and 4.9% in humans 
[20]. The ACA fenestration in humans often occurs dis-
tal to the horizontal part of the anterior ACA [21, 22]. 
The primary olfactory arteries on both sides form a 
plexiform anastomosis at the distal end during develop-
mental, and the remnant of anastomosis forms fenestra-
tion of the aCa [18]. Although it is previously reported 
that 46% of ACAs include an anterior communicating 
artery in rhesus monkeys, which belong to the same fam-

ily as cynomolgus monkeys [2], it seems to be a fenestra-
tion rather than the anterior communicating artery. Since 
fenestration was more frequently observed in cynomol-
gus monkeys, the development of vasculogenesis in this 
species could thus be less compared to that in humans.

Regarding the branching patterns of the MCA in cy-
nomolgus monkeys, the bifurcation type was the most 
common, followed by the trifurcation type. Studies have 
reported that the frequency of monofurcation-, bifurca-
tion-, trifurcation-, and the tetrafurcation-types to be in 
the ranges of 3.8–17.0%, 64.3–92.7%, 7.3–28.6%, and 
0.7–3.8%, respectively, in humans [13, 23–27]. In both 
cynomolgus monkeys and humans, the bifurcation type 
was the most common, followed by the trifurcation type. 

Fig. 3. The classification of the anterior cerebral artery (ACA) as single type (A), fenestration type (B), 
and double ACA type (C, D) based on macroscopic observations of its confluence.

Fig. 4. Both the anterior inferior cerebellar artery (AICA) and the posterior infe-
rior cerebellar artery (PICA) branch from the basilar artery (BA) (A). The 
aiCa branches from the Ba and the PiCa branches from the vertebral 
artery (VA) (B). Both the AICA and the PICA branch from the VA (C). The 
VA branches from the BA. The PICA is double origin type that one branch 
comes from the VA, while the other branch originates from the BA, which 
merge into one distally (D). The common trunk of the AICA and the PICA 
branch from the BA (E).
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in humans, the acha is rarely absent [28], and the P.com 
is absent in the range of about: 1–10% [29–31]; how-
ever, regression or the lack of the P.com was not ob-
served in cynomolgus monkeys.

Few reports exist regarding the cerebellar arteries of 
primates. Only one report on the cerebellar artery of 
baboons showed a common trunk of the AICA and PICA 
[4]. The basic structure of the human cerebellar artery 
is that the PiCa branches from the distal side of the 
vertebral artery, the AICA branches from the proximal-
middle part of the BA, and the SCA branches from the 
proximal side of the BAs terminal. However, studies 
reported that these arteries in humans highly varies, as 
they are formed from the transverse artery branching 
from the longitudinal neural arteries during the fetal 
period according to blood flow demands from the cer-
ebellum and brainstem [32]. No defects were observed 
in the sCa in humans [33]. The frequency of absence of 
PICA in one side is in the range of 15–26%, while the 
absence in both sides is in the range of 2–2.5% [34]. The 
AICA is absent in one side in 3.1–18.5% [35, 36]. In the 
absence of either the AICA or the PICA, blood flow can 
be supplied from the other artery when a complemen-
tary relationship is present [37]. The common trunk of 
the AICA and PICA is frequently present (22.1%) [36]. 
The PICA may instead diverge from the basilar trunk 
[38], and the AICA may diverge from the vertebrobasi-
lar junction or the VA [36], however, at a very low fre-
quency. The frequency occurrence of double origin of 
the PICA is in the range of 1.45–6% [39, 40], and the 
double origin of the AICA occurs at 10.4% [36]. In this 
study, The SCA was present in all cases, and the infe-
rior cerebellar arteries had the most common pattern in 
which both the AICA and PICA diverged from the BAs 
in cynomolgus monkey. The common trunk of the AICA 
and PICA was found in 11.5%, and the double origin of 
the PICA was found in 8.3%. As in humans, cynomolgus 
monkeys have many variations in the cerebellar arteries, 
however the difference from humans is that both AICA 
and PICA often branch from the BAs.

The diameter of ICA is larger than that of BA in human 
cerebral arteries [41, 42], however, the opposite is true 
for cynomolgus monkey. In human azygous ACA, the 
diameter of the distal ACA was larger than the horizon-
tal part of the ACA (A1) [43], and the results were 
similar in cynomolgus monkeys. The diameter of the 
P.com in humans greatly varies due to developmental 
variations, such as the fetal type and adult type of pos-
terior cerebral circulation [44]. In the case of fetal type 
of posterior cerebral circulation, the PCA is supplied by 
the P.com; however in adult type, the PCA is supplied 
by the BA. Therefore, the diameter of the P.com in the 

fetal type is larger than that in the adult type. The diam-
eter of the P.com in cynomolgus monkeys also varied 
widely, presumably due to the presence of two types of 
posterior cerebral circulation in humans.

In the present study, the diameter of the cerebral artery 
of cynomolgus monkeys was not significantly correlated 
with age and body weight. It has been reported that the 
diameter of the ICA and ACA in human adults is sig-
nificantly correlated with age [45, 46]. In adult human, 
the increase in cerebral artery diameter with increasing 
age is believed to be due to vascular remodeling by ar-
teriosclerosis [47, 48]. We could not find any study di-
rectly investigating the relationship between body weight 
and cerebral artery diameter. However, as it is known 
that obesity promotes arteriosclerosis [49–51], it is pos-
sible that obesity affects the diameter of the cerebral 
artery. Arteriosclerosis is absent in other mammals and 
is believed to be a pathological condition peculiar to 
humans [52]. The fact that arteriosclerosis is absent in 
cynomolgus monkeys could explain the lack of differ-
ence in the cerebral artery diameter depending on age 
and body weight.

Few detailed studies evaluating the diameter and struc-
ture of the cerebral artery in cynomolgus monkeys are 
available. In the monkey cerebral infarction model, the 
MCA is occluded with a balloon catheter or an autolo-
gous clot to induce cerebral infarction [53]. Thus, clari-
fying the normal diameter of the cerebral artery could 
help determine the material and size of the embolic 
substance. In the monkey cerebral aneurysm model, the 
unilateral carotid artery is ligated to increase hemody-
namic stress on the contralateral carotid artery [54]. 
Further information about the normal diameter may thus 
be useful for assessing changes in the diameter due to 
hemodynamic stress.

one limitation of this study is that the monkeys used 
were female, since females are predominantly used for 
medical experiments at the study institution. Male mon-
keys are kept in small numbers for breeding purposes 
only. Some reports have found that the cerebrovascular 
diameter in males was significantly larger than in females 
[45, 55]. Therefore, as in humans, monkeys may have 
larger cerebrovascular diameters in males than in fe-
males.

Conclusion

In cynomolgus monkey, the vascular structure was 
similar to that of humans, except for only a single distal 
ACA, and the origin of the inferior cerebellar arteries 
was mostly the basilar trunk. Although the ICA was 
larger than the BAs in humans, the BAs exhibited the 



CEREBRAL ARTERY OF CYNOMOLGUS MONKEYS

397|Exp. Anim. 2022; 71(3): 391–398

largest diameter in cynomolgus monkeys. We expect that 
this anatomical information will aid in furthering the 
research on cerebrovascular disease using cynomolgus 
monkeys.
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