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Short Communication

Age-related Histological Findings in the Pineal Gland of 
Crl:CD(SD) Rats
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Abstract: To provide background data as the pathologic basis, the pineal glands of 190 male and 193 female Crl:CD(SD) rats at ages 
of 0–7, 51–58, 70–85 and 111 weeks were examined histologically in this study. Mineralization and fibrosis were common findings in 
the aged rats, whereas they were rarely found in the young ones; mineralization was present in 7, 44, 67 and 79% of males and in 0, 32, 
67 and 79% in females, and fibrosis was present in 0, 29, 48 and 44% of males and 0, 18, 40 and 35% of females at ages of 0–7, 51–58, 
70–85 and 111 weeks, respectively. Striated muscle fiber appeared regularly in the fibrosis region from 51–58 weeks of age when fibro-
sis increased, while the origin of this fiber remained unclear. Vacuolation of pineal cells also increased with age in both sexes, though 
the total incidence was low. There was a low incidence of lymphocytic infiltration in both sexes, but this was not related to age. (DOI: 
10.1293/tox.25.287; J Toxicol Pathol 2012; 25: 287–291)
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The pineal gland of mammals is quite a small tissue 
formed mainly by pinealocytes, which are cells with a neu-
rosecretory function, and glial-like interstitial cells1–3. This 
organ is located at the top of the brain at the intersection of 
the median line and cerebral transverse fissure and is cov-
ered by the pia mater and connected to the third ventricle by 
the stalk. The pinealocyte secretes melatonin, and this plays 
a role in the maintenance of homeostasis involving the go-
nads, hypophysis and melanin1–3. The actions of melatonin 
on tumor metabolism and growth have also been shown in 
recent in vivo and in vitro studies4–6. Therefore, histopatho-
logical evaluation of the pineal gland is meaningful to un-
derstand the non-neoplastic and neoplastic lesions in some 
organs. To date, toxicological pathologists have rarely ob-
served the pineal gland tissue of experimental animals, es-
pecially in ordinary toxicological or carcinogenicity studies. 
Some previous reports revealed spontaneous histological 
changes associated with aging of the pineal glands in rats7–9. 
However, there are no reports comparing the incidences of 
histological changes in the pineal glands of rats of either 
sex over a wide age range. We are reporting spontaneous 
lesions observed in pineal glands from 190 male and 193 fe-
male rats with the aim of providing background data as the 

pathologic basis for recognizing the adaptive physiological 
or morbid morphology of the pineal gland.

A total of 383 Crl:CD(SD) rats purchased from Charles 
River Laboratories Japan Inc. (Kanagawa, Japan) were used 
in the present study to collect house data. They were kept 
at a temperature of 22 ± 3°C with a humidity of 55 ± 20% 
and 12-hr light and 12-hr dark cycle and were fed a normal 
diets and unrestricted drinking water. At 0–7 (days 0, 4, 10, 
17, 21, 29, 42 and 49), 51–58, 70–85 and 111 weeks, the rats 
were anesthetized and euthanized to collect the pineal gland 
and other organs. The numbers of animals in each age group 
are shown in Tables 1 and 2. The glands were fixed in 10% 
neutral phosphate-buffered formalin, embedded in paraffin, 
sectioned and stained with hematoxylin-eosin (HE), Mas-
son’s trichrome (MT) and phosphotangstic acid hematoxy-
lin (PTAH). Immunohistochemical stainings for glial fibril-
lary acidic protein (GFAP: rabbit anti-cow glial fibrillary 
acidic protein, DAKO, Japan, 1:100), smooth muscle actin 
(SMA: monoclonal mouse anti-human smooth muscle actin, 
DAKO, Japan, 1:200), myogenin (monoclonal mouse anti-
rat myogenin, DAKO, Japan, 1:50) and desmin (monoclonal 
mouse anti-human desmin, DAKO, Japan, 1:100) were per-
formed. The animals were cared for according to the prin-
ciples outlined in the guide for the care and use of laboratory 
animals prepared by the Japanese Association for Labora-
tory Animal Science and our institution.

The incidences of histological findings are summa-
rized in Tables 1 and 2. Focal mineralization was mostly 
found in the superficial part of the meningeal connective 
tissue or submeningeal part of the glands and was occasion-
ally inside the glands (Fig. 1). Inside the glands, it appeared 
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at the interstitial connective tissue with small blood vessels. 
The size and shape of the mineralization varied, although 
those of aged rats tended to be large, laminated and large 
in number. The incidence of mineralization increased with 
age; the incidence rates were 44%, 67% and 79% in males 
and 32%, 67% and 79% in females at 51–58, 70–85 and 111 
weeks of age, respectively. Concerning the immature to 
younger rats at 0–7 weeks of age, mineralization was pres-
ent in only two males at 4 and 6 weeks of age and was not 
present in females.

Focal fibrosis was found on the periphery of the gland 
and near the pineal stalk, and it sometimes extended to in-
side the gland. Frequently, small blood vessels were seen 
in the fibrosis region of aged rats and were infrequently 
hyalinized (Fig. 2). In other words, the small blood vessels 
were surrounded with a slight fibrous connective tissue in 
the younger rats or with a lot of fibrous tissue in aged rats, 

and the latter was regarded as fibrosis. The incidence of fi-
brosis increased with age and peaked at 70–85 weeks of age 
in both sexes; the incidence rates were 0%, 29%, 48% and 
44% in males and 0%, 18%, 40% and 35% in females at 0–7, 
51–58, 70–85 and 111 weeks of age, respectively.

Striated muscle fibers were rarely found in the pineal 
gland. The fibers were present in the connective tissue, and 
this tissue was frequently involved in fibrosis (Fig. 3). The 
muscle fibers did not seem to come into contact with the 
pinealocytes. Cross striation was observed in the cytoplasm 
with the HE stain and was distinct with the PTAH stain 
(Fig. 4a). Immunohistochemically, these fibers were posi-
tive for desmin (Fig. 4b) and negative for myogenin, SMA 
and GFAP. Striated muscle fibers were found in a total of 
13 male rats but not in the females. Though the incidence 
of striated muscle fibers was low, they were present only in 
aged males with pineal fibrosis.

Table 2. Incidence of the Histological Findings in the Pineal Gland of Female Crl:CD(SD) Rats
 Age (weeks) 0–7  51–58  70–85  111  Total
 Number of animals examined 26 62 48 57 193

Findings n Rate n Rate n Rate n Rate n Rate
Mineralization 0 0% 20 32% 32 67% 45 79% 97 50%
Fibrosis 0 0% 11 18% 19 40% 20 35% 50 26%
Striated muscle fiber 0 0% 0 0% 0 0% 0 0% 0 0%
Vacuolation 0 0% 1 2% 11 23% 16 28% 28 15%
Lymphocytic infiltration 0 0% 3 5% 3 6% 1 2% 7 4%

Fig. 1. Laminated bodies of mineralization are found on the menin-
geal connective tissue of the pineal gland. 111-week-old male. 
HE. Bar=100 μm.

Fig. 2. Fibrosis is found on the periphery of the gland. 103-week-old 
female. HE. Bar= 100 μm. Inset: Dense collagen fibers are 
present. MT. Bar=50 μm.

Table 1. Incidences of the Histological Findings in the Pineal Gland of Male Crl:CD(SD) Rats
 Age (weeks) 0–7  51–58  70–85  111  Total
 Number of animals examined 28 59 46 57 190

Findings n Rate n Rate n Rate n Rate n Rate
Mineralization 2 7% 26 44% 31 67% 45 79% 104 55%
Fibrosis 0 0% 17 29% 22 48% 25 44% 64 34%
Striated muscle fiber 0 0% 4 7% 4 9% 5 9% 13 7%
Vacuolation 0 0% 0 0% 2 4% 6 11% 8 4%
Lymphocytic infiltration 0 0% 6 10% 1 2% 1 2% 8 4%
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Vacuolation of pineal cells was found scattered 
throughout the gland (Fig. 5). Single vacuoles were present 
ones in the cytoplasm and ranged in size up to 4 to 5 times 
the size of a normal pineal cell. The large vacuoles pressed 
the nuclei to the rim of cells and occasionally contained 
flocculent substances. The incidence of vacuolation was low 
and tended to increase with age in both sexes.

Lymphocytic infiltration was observed from the pia 
mater to the parenchyma of the pineal glands (Fig. 6). The 
incidence of lymphocytic infiltration was low in both sexes 
and not related to age.

We noted no neoplastic lesions in the examined pineal 
glands in the present study.

Mineralization (calcium deposits) found in the extra-
cellular space of the pineal gland in humans is called corpus 
arenaceum (corpora arenacea; “brain sand”), appears early 
at a young age and increases in number up to around thirty 
years of age or more10. The present study showed an age-
related increase in mineralization in the rat pineal glands, 
although mineralization was previously reported mainly in 
aged rats and young to aged gerbil7, 8, 11. The incidence of this 
feature was shown clearly to increase from 70–111 weeks of 
age in both sexes. Superficial deposition was confirmed to 
be a histological characteristic of pineal mineralization in 
our study as described in the previous reports of laboratory 
animals7, 8, 11, whereas this positional characteristic has not 
been observed for human brain sand. Moreover, as another 
histological characteristic of mineralization, large areas of 

Fig. 3. The striated muscle fibers are present in the area of the fibro-
sis in the pineal gland. Cross striation is barely found in the 
cytoplasm. 85-week-old male. HE. Bar=50 μm.

Fig. 4. The cross striation is distinct with PTAH stain (4a). Immu-
nohistochemically, these fibers are positive for desmin (4b). 
85-week-old male. Bar=50 μm.

Fig. 6. Lymphocytic infiltration is found from the pia mater to the 
parenchyma of the pineal glands. 51-week-old male. HE. 
Bar=100 μm.

Fig. 5. Scattered vacuolation of the pineal cells is found. 105-week-
old female. HE. Bar= 100 μm. Inset: These vacuoles occur in 
the cytoplasm and are range in size up to 4–5 times the size 
of a normal pineal cell. The large vacuoles press the nuclei 
to the rims of the cells. The vacuoles occasionally contain a 
flocculent substance. HE. Bar=50 μm.
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mineralization in aging rats tended to show laminations ac-
cording to previous reports8.

Fibrosis in the pineal gland of rats was reported to be 
an age-associated alteration7, 9. Wegiel et al. revealed that 
the fibrosis in the pineal glands occurred only sporadically, 
at an incidence of 1.1 percent7. On the other hand, the inci-
dence of fibrosis was about 45 percent in the aged males and 
37 percent in the aged females in our study. Similar to the 
histological characteristics stated in the previous reports7, 

9, fibrosis in our study was observed in the periphery of the 
gland and near the pineal stalk. Blood vessels were present 
within the lesions in our study. So the increase in perivas-
cular connective tissue was considered to have resulted in 
fibrosis in those areas, and this process was surmised not to 
have been involved in inflammation.

The appearances of striated muscle fibers in the pineal 
glands have previously been reported in some mammals, 
including the human, bovine, swine, bat and rat9, 12–21. In 
our study, striated muscle fiber was a rare finding with an 
age-related increase like previous reports, though the inci-
dences varied among the reports9, 12, 15. Interestingly, these 
fibers were only found in male rats in our study; however, 
there are a few reports referring to the incidence in females. 
Quay reported the discovery of striated muscle fibers in the 
pineal glands of two males and one ovariectomized female 
out of a series of about 1200 rats15. Dill reported the distri-
bution of striated muscle in the pineal glands of one female 
and one bilateral adrenalectomized female13. Other reports 
dealt with only male rats except for ones without a descrip-
tion discerning the sexes. The histological characteristics of 
the striated muscle fibers in our study were similar to those 
in the previous reports, as the fibers appeared in the con-
nective tissue near the stalk of the pineal glands, especially 
with fibrosis9, 12, 15. The immunohistochemical results in our 
showed positive and negative staining for desmin and myo-
genin, respectively, suggesting that the fibers were mature. 
After examination of the fibers and consideration of the ar-
guments of several other authors12, 13, the origin of the fibers 
remains unknown.

Neoplastic lesions in the pineal gland such as pinealo-
mas and pineocytomas have been reported in some strains 
of rats in previous reports22–25; however, they are very rare 
tumors and are not classified in detail in rats. We noted no 
neoplasitic lesions in the pineal glands of the examined 383 
rats.

In the present study, we compared the incidences of the 
histological findings in the pineal glands of Crl:CD(SD) rats, 
which are used frequently in toxicity studies, among various 
ages of both sexes. Mineralization, fibrosis and vacuolation 
of the pineal cells were age-related findings. In addition, 
striated muscle fiber was a rare finding appearing only in 
male rats, but with an age-related increase.

Acknowledgements. We thank Mr. Naoaki Yamada for his 
excellent technical assistance and Mr. Steve Yamakami for 
language editing.

References

 1. Kierszenbaum AL. Endocrine system, Neuroendocrine 
system, pineal gland/ Development of the pineal gland/ 
Histology of the pineal gland/ The pineal gland secretes 
melatonin, the “hormone of darkness”/ Circadian clock, an 
endogenous oscillator controlling circadian rhythms/ Clini-
cal significance: precocious puberty. In: Histology and Cell 
Biology: An Introduction to Pathology, 2nd ed. Elsevier, 
Philadelphia, PA. 531–534. 2007.

 2. Hasegawa A, and Mori W. Function and structure. Pineal 
gland. In: Current Encyclopedia of Pathology 17A Pineal 
Gland, Thyroid Gland, Hypothalamus/Pituitary. S Iijima, E 
Ishikawa, K Kageyama, T Shimamine, and W Mori (eds). 
Nakayama-Shoten, Tokyo. 36–43. 1988; (in Japanese).

 3. Hisada T. Development/ developmental anomaly, aging, 
others. Pineal gland. In: Current Encyclopedia of Pathol-
ogy 17A. Pineal Gland, Thyroid Gland, Hypothalamus/Pi-
tuitary. S Iijima, E Ishikawa, K Kageyama, T Shimamine, 
and W Mori (eds). Nakayama-Shoten, Tokyo. 45–54. 1988; 
(in Japanese).

 4. Ozdemir F, Deniz O, Kaynar K, Arslan M, Kavgaci H, 
Yildiz B, and Aydin F. The effects of melatonin on human 
hepatoma (Hep G2) cell line. Bratisl Lek Listy. 110: 276–
279. 2009. [Medline]

 5. Dauchy RT, Blask DE, Dauchy EM, Davidson LK, Tirrell 
PC, Greene MW, Tirrell RP, Hill CR, and Sauer LA. Anti-
neoplastic effects of melatonin on a rare malignancy of mes-
enchymal origin: melatonin receptor-mediated inhibition of 
signal transduction, linoleic acid metabolism and growth in 
tissue-isolated human leiomyosarcoma xenografts. J Pineal 
Res. 47: 32–42. 2009. [Medline]  [CrossRef]

 6. Blask DE, Sauer LA, Dauchy R, Holowachuk EW, and 
Ruhoff MS. New actions of melatonin on tumor metabolism 
and growth. Biol Signals Recept. 8: 49–55. 1999. [Medline]  
[CrossRef]

 7. Wegiel J, Waniewski E, and Dumanski Z. Spontaneous 
pathomorphological changes in the pineal gland in rats. En-
dokrynologia polska. 29: 167–172. 1978. [Medline]

 8. Majeed SK. Survey of spontaneous dystrophic mineraliza-
tion of pineal gland in aging rats. Arzneimittelforschung. 
47: 1271–1273. 1997.

 9. Allen DJ, DiDio LJ, Gentry ER, and Ohtani O. The aged 
rat pineal gland as revealed in SEM and TEM. Age. 5(4): 
119–126. 1982.  [CrossRef]

 10. Tapp E, and Huxley M. The histological appearance of the 
human pineal gland from puberty to old age. J Pathol. 108: 
137–144. 1972. [Medline]  [CrossRef]

 11. Japha JL, Eder TJ, and Goldsmith ED. Calcified inclusions 
in the superficial pineal gland of the mongolian gerbil, Mer-
iones unguiculatus. Acta Anat (Basel). 94: 533–544. 1976. 
[Medline]  [CrossRef]

 12. Diehl BJM. Occurrence and regional distribution of striated 
muscle fibers in the rat pineal gland. Cell Tissue Res. 190: 
349–355. 1978. [Medline]  [CrossRef]

 13. Dill RE. The distribution of striated muscle in the epiphy-
sis cerebri of the rat. Acta Anat (Basel). 54: 310–316. 1963. 
[Medline]  [CrossRef]

 14. Tapp E, and Blumfield M. The parenchymal cells of the rat 
pineal gland. Acta Morphol Neerl Scand. 8: 119–131. 1970. 
[Medline]

 15. Quay WB. Striated muscle in the mammalian pineal organ. 

http://www.ncbi.nlm.nih.gov/pubmed/19507660?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19486272?dopt=Abstract
http://dx.doi.org/10.1111/j.1600-079X.2009.00686.x
http://www.ncbi.nlm.nih.gov/pubmed/10085462?dopt=Abstract
http://dx.doi.org/10.1159/000014568
http://www.ncbi.nlm.nih.gov/pubmed/658019?dopt=Abstract
http://dx.doi.org/10.1007/BF02431274
http://www.ncbi.nlm.nih.gov/pubmed/4647506?dopt=Abstract
http://dx.doi.org/10.1002/path.1711080207
http://www.ncbi.nlm.nih.gov/pubmed/60037?dopt=Abstract
http://dx.doi.org/10.1159/000144585
http://www.ncbi.nlm.nih.gov/pubmed/679264?dopt=Abstract
http://dx.doi.org/10.1007/BF00218180
http://www.ncbi.nlm.nih.gov/pubmed/14108962?dopt=Abstract
http://dx.doi.org/10.1159/000142453
http://www.ncbi.nlm.nih.gov/pubmed/4099489?dopt=Abstract


Tomonari, Sato, Wako et al. 291

Anat Rec. 133: 57–63. 1959.  [CrossRef]
 16. Prosenc N, and Cervós-Navarro J. Ultrastractual morpholo-

gy of the aged pineal. Ann NY Acad Sci. 719: 64–76. 1994.  
[CrossRef]

 17. Krstić R. Elektronenmikroskopische untersuchung der 
quergestreiften muskelfasern im corpus pineale von Wis-
tar-ratten. Z Zellforsch Mikrosk Anat. 128: 227–240. 1972. 
[Medline]  [CrossRef]

 18. Kenny GCT. Transversely striated muscle fibers in the pi-
neal region of mammals. J Anat (Lond). 99: 945. 1965.

 19. Pappenheimer AM. ber Geschwlste des corpus pineale. 
Virchow’s Arch. 200: 122–141. 1910.  [CrossRef]

 20. Hayano M, Sung JH, Mastri AR, and Hill EG. Striated mus-
cle in the pineal gland of swine. J Neuropathol Exp Neurol. 
35: 613–621. 1976. [Medline]  [CrossRef]

 21. Bhatnagar KP. Skeletal muscle in the pineal gland of the 
bat, Rhinopoma microphyllum: an ultrastructual investiga-
tion. J Anat. 184: 171–176. 1994. [Medline]

 22. Furukawa S, Kobayashi K, Usuda K, Tamura T, Miyamoto 
Y, Hayashi K, Ikeyama S, Goryo M, and Okada K. Sponta-
neous Pinealoma in a Male Crj:CD(SD) IGS Rat. J Vet Med 
Sci. 61: 41–44. 1999. [Medline]  [CrossRef]

 23. Maekawa A, Onodera H, Tanigawa H, Furuta K, Takahashi 
M, Kurokawa Y, Kokubo T, Ogiu T, Uchida O, Kobayashi 
K, and Hayashi Y. Spontaneous Tumors of the nervous sys-
tem and associated organs and/or tissues in rats. Gann. 75: 
784–791. 1984. [Medline]

 24. Yamamoto O, Mitsumori K, Yoshida T, Maita K, and Shi-
rasu Y. Spontaneous malignant pineocytoma in a female 
Wistar rat. J Vet Med Sci. 53: 527–529. 1991. [Medline]  
[CrossRef]

 25. Burek JD, van Zwieten MJ, and Solleveld HA. Pinealoma, 
rat. The pineal gland. In: Monographs on Pathology of Lab-
oratory Animals. Endocrine System. TC Jones, U Mohr, 
and RD Hunt (eds). Springer-Verlag, Berlin Heidelberg. 
350–354. 1983.

http://dx.doi.org/10.1002/ar.1091330107
http://dx.doi.org/10.1111/j.1749-6632.1994.tb56820.x
http://www.ncbi.nlm.nih.gov/pubmed/4337995?dopt=Abstract
http://dx.doi.org/10.1007/BF00306900
http://dx.doi.org/10.1007/BF01949541
http://www.ncbi.nlm.nih.gov/pubmed/993815?dopt=Abstract
http://dx.doi.org/10.1097/00005072-197611000-00003
http://www.ncbi.nlm.nih.gov/pubmed/8157490?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10027162?dopt=Abstract
http://dx.doi.org/10.1292/jvms.61.41
http://www.ncbi.nlm.nih.gov/pubmed/6500235?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1832044?dopt=Abstract
http://dx.doi.org/10.1292/jvms.53.527

