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Short Communication

Persistence of vertebral growth plate cartilage in aged cynomolgus
monkeys
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Abstract: Growth plates at each end of vertebral bodies play a pivotal role in longitudinal spinal growth. Epiphyseal closures are
formed in adult humans. Although monkeys are frequently employed in bone and disc research, the age of epiphyseal closure has not
been well documented. In this study, histological analyses of lumbar vertebral end plates and the surrounding tissue were performed
in 11 normal cynomolgus monkeys aged approximately 9 to 15 years, and unclosed growth plate cartilage was detected in all the end
plates. The data from this study constitute the first documentation of persistent vertebral growth plate cartilage in cynomolgus mon-
keys. The persistence of growth plate cartilage in cynomolgus monkeys approximately 15 years of age or younger, which differs from
the complete epiphyseal closure exhibited in adult humans, may affect the biomechanical behavior of the spine. This is an important
factor to consider in extrapolating the results of spine and intervertebral disc research using cynomolgus monkeys to adult humans.
(DOI: 10.1293/t0x.2017-0041; J Toxicol Pathol 2018; 31: 151-154)
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Cynomolgus monkeys (Macaca fascicularis) are fre-
quently employed in bone research!. The skeletal charac-
teristics of nonhuman primates and humans are believed
to be similar, and experimental data acquired from nonhu-
man primates are generally allowed to be extrapolated to
humans?. Cynomolgus monkeys have monthly menstrual
cycles, reproductive hormone patterns, and bone metabo-
lism similar to those of humans, and ovariectomized (OVX)
female monkeys are widely used as models for postmeno-
pausal osteoporosis3-5. Peak bone mass in the lumbar spine
of the female cynomolgus monkey is likely achieved by 9
years of age, and female monkeys 9 years of age or older are
recommended for use in osteoporosis investigations®. Al-
though skeletally mature OVX monkeys have been proven
to be appropriate experimental modelsS, acquisition of aged
monkeys is difficult and very costly“.

The intervertebral discs and surrounding tissue like
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end plate and epiphyseal rings in monkeys are morphologi-
cally and biochemically similar to those in humans’9, and
cynomolgus monkeys are thought to be useful in interver-
tebral disc researchs. Unlike humans and monkeys, other
species have secondary ossification centers in the end plates
and no epiphyseal rings at the edges of the vertebral col-
umn’-9.

Growth plate cartilage, which is located at each end of
the vertebral body, plays a pivotal role in promoting longi-
tudinal spinal growth in humans and other mammals8. 10-12,
The completion of longitudinal growth of human vertebral
bodies, called epiphyseal closure, usually occurs between
the ages of 18 and 25 years, and then the epiphyseal ring,
comprising foci of calcification in the edges of end plates,
is completely fused with the adjacent vertebral body in a
process called epiphyseal union!!: 13,

As previously described, the monkey is considered one
of the most useful species in the fields of bone, spine, and
intervertebral disc research. However, the age of epiphyseal
closure in the vertebrae of monkeys has not been well docu-
mented.

In this study, we had a valuable opportunity to inves-
tigate the histological features of the end plates and sur-
rounding tissues of the lumbar spines of aged cynomolgus
monkeys.

Lumbar spines obtained from clinically normal cyno-
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molgus monkeys aged approximately 9 to 15 years (three
males and eight females, purpose-bred, derived from China)
were examined histologically (Table 1).

These animals had been used in other studies conduct-
ed at Shin Nippon Biomedical Laboratories, Ltd., Kagoshi-
ma, Japan, and they were euthanized in February 2011. The
care and use of all animals in this study were reviewed and
approved by the Animal Care and Use Committee of Shin
Nippon Biomedical Laboratories, Ltd., Kagoshima, Japan.
The facility is accredited by AAALAC International.

All the animals were anesthetized via an intravenous
injection of sodium pentobarbital solution (25.92 mg/kg, To-
kyo Chemical Industry Co., Ltd.) into the cephalic vein and
then euthanized by exsanguination without pain or distress.
The entire lumbar spine (from LI to L7) was collected and
fixed in 10% neutral buffered formalin. Prior to fixation, the
vertebral bodies and intervertebral discs were cut in the cor-
onal plane where the nucleus pulposus was not visible, and
the bone marrow was exposed. Following fixation, each ver-
tebral body was excised transversely to make tissue blocks
that consisted of the inferior portion of the vertebral body,
the intervertebral disc, and the superior portion of the ver-
tebral body. The tissue block containing the intervertebral
disc was further trimmed in the coronal plane to a size that
did not expose the nucleus pulposus. After trimming, the tis-
sue was fixed again in 10% neutral buffered formalin. After
refixation, the tissue was decalcified with Kalkitox (Wako
Pure Chemical Industries, Ltd., Osaka, Japan) at low tem-
perature (1 to 9°C) for approximately 4 days. After decalci-
fication, the tissue was soaked in 5% sodium sulfate solution
at room temperature for at least 2 hours, washed for 1 to 3
hours with running water, and then dehydrated in ethanol to
prevent protrusion of the nucleus pulposus. The decalcified
and dehydrated tissue samples were sectioned in the coronal
plane to include the area around the center of the nucleus
pulposus and trimmed to the thickness of the cassette. The
tissue samples were embedded in paraffin, sectioned at 3- to
4-um thicknesses in the midcoronal plane, and stained with
hematoxylin-eosin (H&E) and Alcian Blue.

Histological examination of the midcoronal plane tis-
sue slides revealed unclosed growth plate cartilage in the su-
perior and inferior vertebral end plates in all tissue samples

from L1 to L7, totaling 66 tissue specimens (Fig. 1 and 2).
Epiphyseal rings were also observed in tissue samples of all
animals. Penetration of blood vessels into hypertrophic car-
tilage and osteoid formation indicative of active endochon-
dral bone formation were observed at the chondro-osseous
junction of the vertebral bodies (Fig. 1 and 2). There were
no clear differences between slides in the properties of Al-
cian Blue staining of the cartilage matrix of the end plate
and disc (Fig. 1 and 2). In the oldest animal (i.e., number
4, aged 14 years 10 months), thinning of the growth plate
cartilage, a decrease in the number of chondrocytes and dis-
appearance of the proliferative zone, and a partial bony end
plate-like structure were apparent (Fig. 2) compared with
those in the other animals (Fig. 1). In the human cartilagi-
nous end plate, the cartilage border with the bone marrow
space is sealed off by bone at the time of epiphyseal closure,
and then a thick bone called the bony end plate is arranged
adjacent to the cartilaginous end plate! 12. Complete bony
end plates were not observed in this study. However, incom-
plete but similar bone tissue, which was a partial bony end
plate-like structure, was seen together with thinning of the
growth plate cartilage in the oldest animal (Fig. 2), clearly
indicating early epiphyseal closure. There were no clear his-
tological differences among all the animals except the oldest
female one.

The ages of epiphyseal closure in the cynomolgus
monkey and human tibiae are about 5 and 16 years of age,
respectively!4. The age of epiphyseal closure of the cyno-
molgus monkey spine was about 15 years of age or older
in this study, and that of the human spine is 18 to 25 years
of age!l. 13. The life span of the cynomolgus monkey is esti-
mated to be about 30 years!: 12. 14, Therefore, the ratio of the
age of epiphyseal closure of the spine to life span is higher
than that of the tibia to life span, and the ratio of the age of
epiphyseal closure of the spine to life span in monkeys is
clearly higher than that in humans. Hence, the age of epiph-
yseal closure of the cynomolgus monkey spine is relatively
older compared with that of the human spine. Increased
loading caused by the adaption of a habitually erect posture
and bipedal locomotion in humans is thought to induce early
maturation of the vertebrae’. Conversely, the posture and lo-
comotion of quadrupeds with temporary bipedal locomo-

Table 1. Sex, Age, and Body Weight of the 11 Cynomolgus Monkeys in this Study

Identlﬁcatlon. Sex Age at the time of sampling Body weight
number of animal at necropsy
1 Male 10 years old 5.88 kg
2 Male 9 years and 1 month old 6.48 kg
3 Male 9 years and 10 months old 5.81 kg
4 Female 14 years and 10 months old 4.89 kg
5 Female 13 years and 3 months old 6.29 kg
6 Female 12 years old 5.47 kg
7 Female 12 years and 8 months old 570 kg
8 Female 10 years and 1 month old 494 kg
9 Female 9 years and 5 months old 5.88 kg
10 Female 10 years and 10 months old 3.76 kg
11 Female 9 years and 11 months old 4.61 kg
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tion likely cause the observed late maturation in monkeys.

The epiphyseal rings do not contribute to growth,
but fusion of the rings with the rest of the vertebral body
signals the cessation of longitudinal growth!!. In Japanese
macaques belonging to the genus Macaca, including the cy-
nomolgus monkey, the youngest reported individual show-
ing macroscopically complete epiphyseal union of the spine
was 18 years old, and some vertebral bodies had incomplete
union even at the age of 23 years’. Given that the life span
of the cynomolgus monkey is similar to that of the Japanese
macaque, this study’s results likely correspond with the pre-
viously published report.

It is unclear whether longitudinal growth had contin-
ued in the persistent vertebral growth plate cartilage of these
monkeys. A morphometric study using cynomolgus mon-
keys aged 0 to 9 years showed that longitudinal growth of
the anterior trunk stopped at 9 years!5, and the persistent
growth plate cartilage observed in this study may not con-
tribute to longitudinal growth in the spine.

Growth plate cartilage of long bones has been recog-
nized as the weakest structure at the bone ends, and shearing
or compressive forces can cause traumatic injury to them!6.
Epiphysiolysis, which is the separation of the epiphysis from
the metaphyseal bone, can be related to trauma acting on

a degenerate metaphyseal growth plate!”. Vertebral growth
plate cartilage is also likely subjected to biomechanical
stress. It has been reported that biomechanical weakness of
vertebral growth plate cartilage can cause pediatric spondy-
lolysis!8. Disorganization and reduced chondrocyte columns
have also been observed in the growth cartilage of rat tails
that had experienced intensive passive motion!®. According
to these reports, it is possible that using cynomolgus mon-
keys approximately 15 years of age or younger, which have
cartilage growth plates, as experimental animal models for
spine and intervertebral disc research is disadvantageous in
terms of extrapolating the results to adult humans because
the biomechanical behavior of the spine may differ from that
of adult humans, who do not have cartilage growth plates.

To the best of our knowledge, this is the first documen-
tation of persistent vertebral growth plate cartilage in cyno-
molgus monkeys. We believe that our data provides valu-
able information to improve methodologies used in spine
and intervertebral disc research.
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Fig. 1. Histological images of the area around the superior end plate (EP) of L7 in animal no. 9 (female) aged 9 years and 5 months. (A) EP con-
sists of cartilaginous EP (CEP) and growth plate cartilage (GC), which are located between the nucleus pulposus (NP) and the metaphy-
seal trabeculae (MT) and bone marrow (BM) of the vertebral body. GC, which stains basophilic, exists adjacent to the MT (H&E stain,
magnification bar = 500 pm). (B) High magnification of (A). Proliferative and hypertrophic zones are observed in the GC area (H&E
stain, magnification bar =200 um). (C) The cartilage matrices of the EP and NP are stained blue (Alcian Blue stain, magnification bar =

500 pm).

Fig. 2. Histological images of the area around the superior EP of LS in animal no. 4 (female) aged 14 years and 10 months. (A) The thin GC
appears discontinuous, and a partial bony end plate-like structure (PBE) is adjacent to the EP (H&E stain, magnification bar = 500 pm).
(B) High magnification of (A). The proliferative zone disappeared, and some clusters of chondrocytes are observed in the GC area (H&E
stain, magnification bar =200 um). (C) The cartilage matrices of the EP and NP are stained blue (Alcian Blue stain, magnification bar =

500 pm).



154

Vertebral Growth Plate Persistence in Cynomolgus Monkey

References

. Chen Y, Shimizu M, Sato K, Koto M, Tsunemi K, Yoshida

T, and Yoshikawa Y. Effects of aging on bone mineral con-
tent and bone biomarkers in female cynomolgus monkeys.
Exp Anim. 49: 163—170. 2000. [Medline] [CrossRef]

. Bagi CM, Berryman E, and Moalli MR. Comparative

bone anatomy of commonly used laboratory animals: im-
plications for drug discovery. Comp Med. 61: 76—85. 2011.
[Medline]

. Jerome CP, and Peterson PE. Nonhuman primate models in

skeletal research. Bone. 29: 1-6. 2001. [Medline] [Cross-
Ref]

. Turner AS. Animal models of osteoporosis--necessity and

limitations. Eur Cell Mater. 1: 66—81. 2001. [Medline]
[CrossRef]

. Iwamoto J, Seki A, Matsuura M, Sato Y, Takeda T, Mat-

sumoto H, and Yeh JK. Influence of ovariectomy on bone
turnover and trabecular bone mass in mature cynomolgus
monkeys. Yonsei Med J. 50: 358-367. 2009. [Medline]
[CrossRef]

. Jayo MJ, Jerome CP, Lees CJ, Rankin SE, and Weaver DS.

Bone mass in female cynomolgus macaques: a cross-sec-
tional and longitudinal study by age. Calcif Tissue Int. 54:
231-236. 1994. [Medline]| [CrossRef]

. Nakai M. Vertebral age changes in Japanese macaques. Am

J Phys Anthropol. 116: 59—65. 2001. [Medline] [CrossRef]

. Longo UG, Ripalda P, Denaro V, and Forriol F. Morpholog-

ic comparison of cervical, thoracic, lumbar intervertebral
discs of cynomolgus monkey (Macaca fascicularis). Eur
Spine J. 15: 1845-1851. 2006. [Medline] [CrossRef]

. Alini M, Eisenstein SM, Ito K, Little C, Kettler AA, Masuda

K, Melrose J, Ralphs J, Stokes I, and Wilke HJ. Are animal
models useful for studying human disc disorders/degenera-
tion? Eur Spine J. 17: 2—-19. 2008. [Medline] [CrossRef]

10

11.

12.

13.

15.

16.

17.

18.

19.

. Bernick S, and Cailliet R. Vertebral end-plate changes with
aging of human vertebrae. Spine. 7: 97-102. 1982. [Med-
line] [CrossRef]

Bogduk N. Clinical Anatomy of the Lumbar Spine and Sa-
crum, 4t ed. Elsevier Churchill Livingstone, Edinburgh.
2005.

Zhang Y, Lenart BA, Lee JK, Chen D, Shi P, Ren J, Muehle-
man C, Chen D, and An HS. Histological features of end-
plates of the mammalian spine: from mice to men. Spine.
39: E312-E317. 2014. [Medline] [CrossRef]

Carpenter EB. Normal and abnormal growth of the spine.
Clin Orthop. 21: 49-55. 1961. [Medline]

. Kilborn SH, Trudel G, and Uhthoff H. Review of growth
plate closure compared with age at sexual maturity and
lifespan in laboratory animals. Contemp Top Lab Anim Sci.
41: 21-26. 2002. [Medline]

Shimizu T, Yoshida T, Cho F, and Goto N. [Morphometri-
cal study of physical growth of laboratory-bred cynomolgus
monkeys aged from zero to 9 years]. Jikken Dobutsu. 40:
215-221. 1991. [Medline]

Maxie MG. Jubb, Kennedy, and Palmer’s Pathology of
Domestic Animals Vol. 1, 5th ed. Elsevier Saunders, Edin-
burgh. 2007.

Carlton W, and McGavin MD. Thomson’s Special Veteri-
nary Pathology, 2nd ed. Mosby, St. Louis. 1995.

Kajiura K, Katoh S, Sairyo K, Ikata T, Goel VK, and Mu-
rakami RI. Slippage mechanism of pediatric spondylolysis:
biomechanical study using immature calf spines. Spine. 26:
2208-2212, discussion 2212-2213. 2001. [Medline] [Cross-
Ref]

Revel M, Andre-Deshays C, Roudier R, Roudier B, Hamard
G, and Amor B. Effects of repetitive strains on vertebral end
plates in young rats. Clin Orthop Relat Res. 303-309. 1992.
[Medline]


http://www.ncbi.nlm.nih.gov/pubmed/11109538?dopt=Abstract
http://dx.doi.org/10.1538/expanim.49.163
http://www.ncbi.nlm.nih.gov/pubmed/21819685?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11472884?dopt=Abstract
http://dx.doi.org/10.1016/S8756-3282(01)00477-X
http://dx.doi.org/10.1016/S8756-3282(01)00477-X
http://www.ncbi.nlm.nih.gov/pubmed/14562261?dopt=Abstract
http://dx.doi.org/10.22203/eCM.v001a08
http://www.ncbi.nlm.nih.gov/pubmed/19568597?dopt=Abstract
http://dx.doi.org/10.3349/ymj.2009.50.3.358
http://www.ncbi.nlm.nih.gov/pubmed/8055372?dopt=Abstract
http://dx.doi.org/10.1007/BF00301684
http://www.ncbi.nlm.nih.gov/pubmed/11536118?dopt=Abstract
http://dx.doi.org/10.1002/ajpa.1102
http://www.ncbi.nlm.nih.gov/pubmed/16374650?dopt=Abstract
http://dx.doi.org/10.1007/s00586-005-0035-2
http://www.ncbi.nlm.nih.gov/pubmed/17632738?dopt=Abstract
http://dx.doi.org/10.1007/s00586-007-0414-y
http://www.ncbi.nlm.nih.gov/pubmed/7089697?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7089697?dopt=Abstract
http://dx.doi.org/10.1097/00007632-198203000-00002
http://www.ncbi.nlm.nih.gov/pubmed/24365894?dopt=Abstract
http://dx.doi.org/10.1097/BRS.0000000000000174
http://www.ncbi.nlm.nih.gov/pubmed/13876772?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12213043?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2044668?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11598509?dopt=Abstract
http://dx.doi.org/10.1097/00007632-200110150-00010
http://dx.doi.org/10.1097/00007632-200110150-00010
http://www.ncbi.nlm.nih.gov/pubmed/1600670?dopt=Abstract

