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Abstract 

There are few detailed descriptions of the coronary arterial patterns in the mouse. 

Some recent reports on coronary anomalies in mutant mouse models have 

uncovered the importance of several genes (i.e. iv and connexin43) in coronary 

morphogenesis. These mutations spontaneously appeared (iv) or were generated 

(connexin43) in a C57BL/6 background, which is widely used for the development 

of mutant mice. We have studied the origin and course of the main coronary arteries 

of two C57BL/6 mouse strains. Unusual anatomical coronary arterial patterns were 

found, including: solitary ostium in aorta, accessory ostium, high take-off, aortic 

intramural course, slit-like ostium, sinus-like ostium and origin of a septal artery 

from the left coronary artery. In humans, some of these conditions are clinically 

relevant. Most of these patterns, which differ from those observed in wild mice and 

Swiss albino mice, coincide with those previously found in iv/iv and connexin43 

knockout mice. The results indicate that there is variability in the coronary arterial 

arrangement of the laboratory mouse. Care should be taken when analysing 

coronary phenotypes of mutant mouse models. 
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INTRODUCTION 

The use of the mouse (Mus musculus) as an animal model for cardiovascular research 

involves anatomical (Durán et al. 1992; Icardo & Colvee 2001), embryological 

(González-Iriarte et al. 2003; Ratajska et al. 2005), functional (van den Boos et al. 

2005; Kumar et al. 2005; Takagawa et al. 2007) and genetic (Fernández et al. 2000; 
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Li et al. 2002; Walker et al. 2005; Clauss et al. 2006; Liu et al. 2006) studies of the 

coronary vascular tree. It is clear that any coherent interpretation of the results obtained 

from the different approaches requires accurate knowledge of the murine coronary 

arteries. This is especially important when surgical coronary arterial occlusions are 

performed, or when the coronary pattern is studied in the setting of genetically modified 

mice. 

Detailed descriptions of the normal arrangement of the coronary arteries (CAs) in 

the mouse are scarce. Icardo and Colvee (2001) reported on the coronary arterial 

anatomy of adult mice belonging to the Swiss albino strain. Their study comprised 

a comparative analysis with the iv/iv mutant mouse. A wide variety of anomalies in 

the origin and course of the CAs was found within the mutant mice; these included 

single CA, accessory coronary ostium, high take-off, slit-like ostium, sinus-like 

ostium and origin of the septal artery from the left CA. All these conditions appeared 

in normal adult hearts, were independent of the heart situs, did not compromise 

mouse survival and were considered to be a side-effect of the iv mutation (Icardo & 

Colvee 2001). Curiously, connexin431 (Cx43) knockout mice show a similar set 

of coronary pattern anomalies (Li et al. 2002; Clauss et al. 2006). 

In an ongoing study on the anatomy and embryology of the murine CAs, we 

detected several coronary anomalies in mice belonging to the C57BL/6J mouse 

strain, which is widely used for the generation of genetically modified mouse 

models. This prompted us to investigate the coronary phenotype in this strain and 

in the closely related C57BL/6N. Put simply, the entire set of coronary pattern 

anomalies occurring in iv/iv and Cx43 mice was detected in C57BL/6 mice as well. 

Our aim here was to report our findings, and to stress the importance of proper 

selection of the mouse strain in studies dealing with the coronary system. 

 

MATERIAL AND METHODS 

C57BL/6J mice (n = 108) were purchased from Charles River Laboratories, France. 

C57BL/6N mice (n = 17) were purchased from Taconic, Denmark. The animals were 

handled in accordance with European and Spanish guidelines for animal welfare. 

They were housed in standard cages and fed water and chow ad libitum. The animals 

were killed via an anaesthetic overdose (ketamin/xylazine) or by cervical dislocation. 

The origin and course of the CAs of neonatal and adult specimens were analysed 

by means of scanning electron microscopy (SEM) (n = 61), histological methods 



 

 

for light microscopy (n = 54) and a corrosion-cast technique (n = 10). For SEM, the 

ascending aorta, together with the valve, and part of the left outflow tract were 

dissected out, and the coronary ostia were carefully exposed. The specimens were 

then fixed, dehydrated, gold-coated and observed under a JeolJMS scanning 

electron microscope operated at 10 or 15 kV (Sans-Coma et al. 1996). For 

histological techniques, adult and neonatal hearts were fixed, dehydrated and 

embedded in Paraplast, and serially cut from the ascending aorta to the apex or 

middle of the heart. Five-, 7- or 10-m thick transversal or sagittal sections were 

stained with haematoxylin-eosin, resorcin-fuchsin for the detection of elastin, as 

well as Mallory’s and Masson- Goldner’s trichrome stains (Sans-Coma et al. 1993). 

For the corrosion-cast technique, Rhodopas AX85/15 was used as previously 

described (Durán et al. 1992). The resin was infused through the apex of the left 

ventricle. After resin polymerization and tissue maceration, the casts of the CAs and 

the left ventricle were observed under a binocular microscope. Images were 

acquired using a Nikon DXM1200 camera. 

The nomenclature used is that of Sans-Coma et al. (1993) and Durán et al. (2005, 

2007). 

RESULTS 

The coronary arterial pattern was similar in C57BL/6J and C57BL/6N mice. As in 

other rodents species, the heart of the mouse has no interventricular grooves and 

two CAs, right and left, are usually present; they arise from the right- and left-facing 

aortic sinuses, respectively (Fig. 1a), and become intramyocardial shortly after their 

origin. 

The right CA (Fig. 1a) supplies the right side of the heart. It runs more or less parallel 

to the right atrioventricular sulcus, reaching usually the dorsal interventricular 

boundary. Having surpassed the acute margin of the heart, the vessel gives off a 

branch that crosses the right ventricle dorsal wall more or less obliquely. 

Thereafter, this branch turns towards the apex of the heart as a dorsal 

interventricular branch, which can be considered equivalent to the posterior 

descending artery of humans. At the level of the acute margin, the right CA often 

gives rise to an acute marginal branch of a somewhat variable course. 

The left CA (Fig. 1b), which irrigates the left side of the heart, consists of a left 

main coronary arterial trunk that divides into the left circumflex and the obtuse 

marginal arteries. The left circumflex artery courses more or less parallel to the left 

atrioventricular groove, terminating close to the crux cordis. The obtuse marginal 



 

 

artery runs along the obtuse margin down to the apex of the heart, giving rise to 

branches that irrigate the ventral and the dorsal walls of the left ventricle. This artery 

can be considered equivalent to the left anterior descending artery of humans. A short 

ventral interventricular branch arising from the left main coronary arterial trunk 

seldom exists in the mouse. 

In all C57BL/6 mice examined, the interventricular septum is supplied by one or two 

septal arteries (Figs 1a, b and 2), connected to the CAs or directly to the aortic sinuses. 

Moreover, the distal portion of the septum is frequently supplied by perforating vessels, 

coming from the right and/ or the left CAs (Fig. 1c). In this regard, it should be noted 

that in the specimens examined, the coronary arterial pattern shows individual variation 

with regard to the presence and size of the coronary branches. Nevertheless, as in 

other rodents with intramyocardial coronary arteries, in C57BL/ 6 mice the presence of 

a septal artery is a constant feature. In the present study, particular attention was paid 

to the number and origin of the septal arteries, the proximal course of the coronary 

arterial trunks, and the number, shape and position of the coronary ostia in the aortic 

root (Table 1). 

Sixteen (34%) of 47 C57BL/6J and six (35%) of 17 C57BL/6N mice examined by 

corrosion-cast or histological techniques showed a septal artery originating from 

the right CA (Fig. 2a) or directly from the right aortic sinus. In other 12 (26%) 

C57BL/6J and four (24%) C57BL/6N specimens, the septal artery arose from the 

left CA or sinus (Fig. 2b). The remaining 19 (40%) C57BL/6J and seven (41%) 

C57BL/6N mice possessed two septal arteries of variable size, one originating 

from the right and the other from the left CA (Fig. 2c) or sinus. Each septal artery 

supplied a different portion of the septum. 

Two or more coronary ostia in the same sinus (Figs 2b and 3a,c) were found in 33 

(31%) of 107 C57BL/6J specimens and four (24%) of 17 C57BL/6N specimens 

examined by corrosion-cast, histological or SEM techniques. The accessory 

ostium corresponded to either a septal artery (Fig. 2b), or a small artery that irrigated 

the right ventricular infundibulum or the atrium. Accessory ostia of the infundibular 

or atrial arteries were smaller than those of the septal artery and the main trunks 

of the CAs (Fig. 3c). 

The position of the coronary ostia at the aortic root was highly variable among the 

125 C57BL/6 mice studied. In 45 (42%) C57BL/6J and seven (41%) C57BL/6N 

mice, the ostia were located in the aortic sinuses, considering the sinotubular 

junction as the distal limit of the sinuses. The remaining 63 (58%) C57BL/6J and ten 



 

 

(59%) C57BL/6N specimens exhibited one or two CAs, which originated above the 

sinuses, a condition named high take-off (Figs 2b and 3a). High take-offs were 

usually much higher and more frequent in the right CA than in the left CA. In some 

cases with aortic sinuses holding accessory ostia, both ostia showed a high take-

off. Often, one ostium of the left aortic sinus was displaced towards the right, 

locating close to the ventral (anterior in man) commissure (Figs 2b and 3c). 

We observed three different ostium morphologies in both C57BL/6J and C57BL/6N 

strains. Most of the ostia located in the aortic sinuses showed a rounded opening 

(Fig. 3a). The ostia corresponding to high take-offs often displayed a slit-like shape 

(Fig. 3a,b). In several cases with a high take-off, the ostia presented a wide, sinus-

like or keyhole-like shape (Fig. 3c,d). In all cases with a high take- off and slit-like 

ostium, the CA arose from the aortic root, forming an acute angle with regard to 

the longitudinal axis of the ascending aorta (Fig. 3a,b). In addition, the proximal 

segment (stem) of these coronary arterial trunks run parallel to the aorta, both 

sharing the outer adventitia and part of the media, a condition called intramural 

course (Fig. 4a,c,d). An aortic intramural course was assessed in 23 (62%) of 37 

C57BL/6J and 11 (65%) of 17 C57BL/6N specimens examined by histological 

procedures. This condition was found to be the most frequent, but not unique, in 

CAs with a high take-off. 

In five (5%) C57BL/6J specimens and one (6%) C57BL/6N specimen examined by 

histological techniques and SEM, the aortic root showed only one ostium located 

in or above the right aortic sinus, whereas the left aortic sinus was devoid of any 

ostium, a condition named solitary coronary ostium in aorta (Fig. 4b). Study of 

serial sections of the specimens examined by histological techniques revealed that 

the left ventricle was irrigated by an anatomically normal left CA, which was 

connected to the right CA, instead of being connected to the left aortic sinus. The left 

main coronary trunk branched from the right CA soon after its origin from the aorta, 

and passed between the aorta and the pulmonary artery (Fig. 4b) towards the left 

ventricle, giving off the left coronary arterial components. In two cases, the septal 

artery originated from the left main coronary trunk, when it passed between the 

right and left outflow tracts. In the remaining three specimens, the septal artery 

arose from the right CA. 

DISCUSSION 

In mammals, two CAs normally carry blood to the heart. They originate from the 

aortic root and follow subepicardial or intramyocardial courses, depending on each 

species (Hadziselimovic et al. 1974). In those species with intramyocardial CAs, the 



 

 

interventricular septum is mainly irrigated by a distinct artery, not equivalent to the 

anterior descending artery in humans, named the septal artery, the anatomical origin 

of which varies among species (Durán et al. 1991; for a review, see Durán et al. 

1992). In the wild-living house mouse (Durán et al. 1992), the CAs are 

intramyocardial, and the septal artery originates from the right CA or, less 

frequently, directly from the right aortic sinus. The same pattern has been 

described for the Swiss albino strain of the laboratory mouse (Icardo & Colvee 

2001). However, in the present study we have found that in the C57BL/6J and 

C57BL/6N strains, the septal artery may originate from the right CA, from the left CA, 

or two septal arteries may coexist, each originating from a different CA or sinus. 

The presence of left and double septal arteries in C57BL/6J mice has been 

previously reported (Salto-Tellez et al. 2004), and constitutes a frequent 

arrangement in other rodent species, such as the Syrian hamster (Mesocricetus 

auratus) (for a review, see Durán et al. 1992). Therefore, the anatomical origin of the 

septal artery in the mouse appears to be a variable condition that depends on the 

strain or population analysed. 

The most striking feature observed in this study is that C57BL/6 mice exhibit, in 

addition to left and double septal arteries, a pool of anomalies in the origin and 

course of the main coronary trunks. This includes accessory ostium, high take-off, 

slit- and keyhole-like ostium, aortic intramural course and solitary coronary ostium in 

aorta. In this regard, it is important to emphasize that the specimens studied here 

belonged to two different C57BL/6 strains (‘J’ and ‘N’), which were purchased from 

different companies and maintained in different laboratories. The C57BL/6J strain 

was developed by the Jackson Laboratories (USA) in 1948, and the C57BL/6N 

strain derives from several C57BL/6J animals that were transferred to the National 

Institutes of Health (USA) in 1951. Therefore, the anomalous coronary arterial 

arrangements described here can be considered distinguishing traits of the 

C57BL/6 strains. These strains are the most widely used in the generation of 

genetically manipulated mice. 

All the anomalies detected in C57BL/6 mice, including the origin of the septal artery 

from the left CA, have been previously described in two mutant mouse models: the iv/ 

iv mouse (Icardo & Colvee 2001) and the Cx43 knockout mouse (Li et al. 2002; Clauss 

et al. 2006). Hearts of iv/iv mice with normal situs (concordant ventriculoarterial and 

atrioventricular connections) show the entire set of coronary arterial anomalies 

reported herein, except for the aortic intramural course, which was not mentioned in 

the study of Icardo & Colvee (2001). Moreover, the proportion of anomalous patterns 

found in the present C57BL/6 mice is very similar to that reported by these authors in 



 

 

the iv/ iv mutants. The iv/iv mice studied by Icardo & Colvee (2001) were produced in 

the C57BL/6J background strain, whereas the comparative analyses were performed 

using mice from the Swiss albino strain. The present results indicate that the coronary 

arterial anomalies recorded in iv/iv mice should be ascribed to the C57BL/6 genetic 

background, and not to the iv gene mutation. Cx43 knockout mice show 

concordant heart connections and outflow tract obstruction due to the abnormal 

formation of infundibular pouches (Reaume et al. 1995). In addition, several defects 

in the formation of the CAs have been detected, including reduction of vascular 

smooth muscle myosin in the media (Li et al. 2002), aneurisms (Liu et al. 2006), 

reduced branching complexity and persistence of subepicardial vascular plexuses 

(Walker et al. 2005). Coronary pattern anomalies have been described in two 

different papers (Li et al. 2002; Clauss et al. 2006). These pattern anomalies include 

all the arrangements described in the present paper, except for slit- and sinus-like 

ostia. The shape of the ostium was properly observed here by SEM, a method not 

employed in the two studies previously cited. In both former studies the anomalies 

occurred in a high and similar proportion of homozygous and heterozygous mutant 

specimens, but not in wild-type mice. Although the strain background to which the 

wild-type animals belonged was not specifically indicated in the papers, it was 

stated that, in order to obtain the experimental animals, Cx43 knockout parental 

mice in a C57BL/6 background were outcrossed once or twice to animals 

belonging to three independent strains (129sv, CD1, FVB/n) (Li et al. 2002; Clauss 

et al. 2006). Obviously, it is difficult to ascertain the background of the wild and 

mutant mice from which comparisons were performed. Therefore, similar to the case 

of iv/iv mice, it is possible that the anomalies in the coronary arterial pat- tern detected 

by these authors are not the consequence of the Connexin mutation, but the result 

of the C57BL/6 genetic background. Alternatively, the C57BL/6 vascular 

phenotype described in the present study might be the consequence of (a) 

spontaneous mutation(s) in the Cx43 gene or its pathway, occurring earlier than 

1951. It should be noted, however, that we have not found any of the cardio- vascular 

defects associated with the Cx43 deletion cited above, which are most probably 

the consequence of Cx43 deficiency during embryogenesis. Following the most 

parsimonious hypothesis, we propose that the anomalous patterns described here 

constitute a C57BL/6-associated vascular phenotype, which was added to the 

Cx43 and iv mutant phenotypes when these mutant strains were initially 

generated. 

The different arrangements of the origin of the Cas reported in the present study 

are similar to those found in humans. For instance, the presence of accessory or 



 

 

supernumerary ostia occurs in a significant proportion of the human population 

(Becker 1981; Teplitsky et al. 1987), causing no deficiency in coronary perfusion. 

Likewise, the abnormal position of one coronary ostium above the level of the sinus 

of Valsalva (high take-off) does not cause any physiological constraint per se. 

However, this condition appears usually to be associated with a slit-like opening of 

the CA. Patients with a slit-like ostium show a high risk to severe myocardial 

ischaemia and even sudden death (Mahowald et al. 1986; García Rinaldi et al. 

1994; Basso et al. 2002). This is probably due to the closure of the slit or flap, 

caused by an enhanced left diastolic pressure during exercise. Similarly, exercise 

may induce a compression of the wall of the CA, when it possesses an aortic 

intramural course, resulting in severe ischaemia (Sacks et al. 1977; Mahowald et al. 

1986). However, these anomalies do not seem to cause any disadvantage in 

C57BL/6 mice, because affected animals have a normal life span, and show no 

signs of myocardial ischaemia. Nevertheless, we are not aware of experiments 

involving endurance exercise in C57BL/6 mice. 

Patients with a solitary coronary ostium in aorta are at a high risk of sudden death, 

when the CA irrigating the left heart originates anomalously and passes between 

the aortic and pulmonary trunks (Cheitlin et al. 1974; Liberthson et al. 1979; Barth et 

al. 1986; Basso et al. 2000). This artery may be compressed during the cardiac 

cycle, causing a drastic perfusion defect. In the mouse specimens presented here, 

the left CA coursed between the aorta and the pulmonary artery. We have 

previously reported on the occurrence of a similar anomalous pattern in a relatively 

high proportion of laboratory hamsters belonging to an inbred colony (Durán et al. 

2005), as well as in wild house mice (Arqué et al. 1986). Thus, it can be concluded 

that, although the existence of two CAs is probably the most efficient irrigation 

pattern for the mammalian heart, the presence of a solitary coronary ostium in 

aorta does not cause any disadvantage in animals with intramyocardial CAs. 

CONCLUDING REMARKS 

We have found a pool of distinct coronary arterial arrangements in C57BL/6 mice, 

including the left origin of the septal artery, accessory coronary ostium, high take-off, 

slit- and sinus-like ostium, aortic intramural course, and solitary coronary ostium in 

aorta. These patterns can appear in different combinations, and affect a high pro-

portion of specimens belonging to C57BL/6 strains. The significance of these 

findings should be underlined. C57BL/6 mice may provide us with a unique 

opportunity to unveil many of the factors implicated in normal and abnormal 

coronary development. 



 

 

The coronary arterial patterns presented here are very similar to those found in iv/iv 

and Cx43 mutant mice, both of which were developed in a C57BL/6 background. 

We conclude that, in all probability, the mutations of these genes do not cause the 

cited alterations in the coronary pattern, which are apparently a result of the 

C57BL/6 genetic background. Crossbreeding of the different mutant mice with 

specimens from unrelated strains, having no coronary anomalies, should be 

performed, in order to ensure the function of these genes in coronary arterial 

development. Further studies should also address whether these coronary 

phenotypes are exclusive to the C57BL/6 strain, or may also appear in other mouse 

strains. Nevertheless, researchers dealing with coronary arterial anatomy, 

embryology or physiology, using the mouse as an animal model, should be aware 

of the existence of differences in the coronary arterial pattern among strains, which 

might cause misinterpretation of their results. 
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Table 1 Variation (%) in the coronary arterial arrangement found in 108 C57BL/6J 

and 17 C57BL/6N mice 

 

Septal artery  Accessory ostium High take-off Intramural course Single 

CA  

Right Left Both 

C57BL/6J 

n = 47 (C + H) n = 107 (C + H + S) n = 108 (C + H + S) n = 37 (H) n = 108 (C + H 

+ S) 

34% 26% 40% 31% 58% 62% 5% 

 

C57BL/6N 

n = 17 (H)  n = 17 (H) n = 17 (H) n = 17 (H) n = 17 (H) 

35% 24% 41% 24% 59% 65% 6% 

 

C = corrosion-cast technique; H = light microscopy; n = number of specimens examined; S = 

scanning electron microscopy. See text for further explanation. 

  



 

 

 

 

Figure 1 Internal casts of the left ventricle and the CAs of C57BL/6J mice. (a) Frontal 

view. The right and left CAs arise from the right- and left-facing aortic sinuses 

(arrowheads), respectively. The right CA (arrows) surrounds the tricuspid valve, and 

gives rise to the dorsal interventricular (DI) branch. The septal artery (S) originates 

from the right CA, soon after its origin from the aorta. Ao = aorta; LA = left atrium; LC 

= left CA; LV = left ventricle. 

(b) Left view. The left main coronary trunk (LC) divides into the left circumflex (Cx) 

and the obtuse marginal (OM) arteries. Note that an infundibular artery (IA) arises 

from the right CA (RC), very close to its origin from the aorta. Ao = aorta; LV = left 

ventricle; S = septal artery. (c) Frontal view. Perforating vessels (arrows) arise from 

the distal segment of the obtuse marginal artery (OM) and irrigate the distal portion of 

the ventricular septum. LV = left ventricle. Scale bars = 100 m. 

 

 

  



 

 

 

 

Figure 2 Internal casts of the left ventricle and the CAs of C57BL/6J mice. Frontal 

views. (a) The septal artery and the right CA arise from a common ostium at the right-

facing aortic sinus. (b) The septal artery originates from a separate ostium at the left 

aortic sinus (arrowhead). The ostium of the septal artery is located close to the ventral 

commissure (asterisk), whereas the right coronary ostium displays a high take-off 

(arrow). (c) One septal artery originates from the right CA and another from the left CA. 

In both cases, the septal artery and the right or left CA arise from a common ostium at 

the right- and left-facing aortic sinuses. Ao = aorta; LC = left CA; LV = left ventricle; RC 

= right CA; S = septal artery. Scale bars = 100 m. 

 

  



 

 

 

Figure 3 Scanning electron micrographs of the aortic valves of C57BL/6J mice. Frontal 

views from the luminal side. (a) In this specimen, two ostia with similar sizes and 

rounded openings (arrowheads) are present in the left aortic sinus, whereas the right 

coronary ostium (arrow) is located above the aortic sinus and shows a slit- like opening. 

(b) High magnification of a slit-like ostium corresponding to a CA with a high take- off. 

Note that the stem of the CA forms an acute angle with respect to the longitudinal axis 

of the aorta. As a consequence, the ostium shows a slit-like shape. (c) In this specimen, 

the left aortic sinus holds two different sized ostia (arrowheads). The small one 

corresponds to an atrial artery. The large one corresponds to the left CA and is 

displaced to the right, close to the ventral commissure (asterisk). The right coronary 

ostium (arrow) is extremely large, is located above the aortic sinuses and has a sinus- 

or keyhole-like shape. (d) High magnification of a sinus-like ostium. Note the wide 

opening and keyhole-like shape. Ao = aorta; D = dorsal leaflet; L = left leaflet; R = right 

leaflet; LV = left ventricle. Scale bars: a,c, 200 m; b,d, 100 m 

 

  



 

 

 

Figure 4 Photomicrographs of longitudinal (a), transversal (b) and oblique (c,d) 

histological sections of the aortic valves and ascending aortas of C57BL/ 6J mice, 

stained with resorcin-fuchsin (a,b) and Masson-Goldner’s trichrome (c,d). (a) The right 

CA (RC) of this specimen shows a high take-off (arrow) and an aortic intramural course 

(bracket). Note that the sinus wall shears part of the media with the CA. RL = right 

leaflet. (b) This specimen has a solitary, high take-off, coronary ostium in aorta. The 

section corresponds to the level where the single coronary trunk divides into a right 

(RC) and a left (LC) CA. The right CA courses the wall of the right ventricle. The left 

CA runs between the aorta (Ao) and the pulmonary artery (Pu). RA = right atrium. (c,d) 

In this specimen, the right CA (square) shows a high take-off. Note that part of the 

aortic and coronary walls shear the media (bracket) and adventitia (arrows). (d) is a 

close-up of the square outlined in (c). Ao = aorta; LC = left commissure; Pu = 

pulmonary artery. Scale bars: a,d, 100 m; b,c, 200 m. 
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