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MORPHOLOGICAL STUDY OF OVARIAN AGING

Ritsuko YAaMADA and Hiroshi HANO
Department of Pathology, The Jikei University School of Medicine

We performed a morphological study of ovarian aging involving histological investigation
and measurements under a microscope. We selected 96 specimens of the ovary obtained at
autopsies of persons without gynecologic disorders or breast cancer. All materials included
the greatest cut surface of the ovary. We found that the cross-sectional area of the whole
ovary peaked in the second decade and decreased after the third decade. We believe that the
cross section of the ovary is as useful as is ovary weight, an index of the growth and atrophy
of the ovary. The pattern of change of the cross-sectional area of the ovarian medulla was
similar to that of the whole ovary. The cross-sectional area of the cortex as a percentage of
that of the whole ovary remained constant at all ages. The cross-sectional area of the stroma
in the ovarian medulla peaked sharply in the second decade and decreased afterward, a pattern
similar to that of the ovarian medulla. Our study shows that the main reason for the quantita-
tive change of the whole ovary during aging is the ovarian medulla and that the greatest
constitutional change occurs in the stroma of the medulla. Although the immunohistochemical
staining of several specimens showed that estrogen receptora and androgen receptor were
expressed in the stroma of the ovarian cortex and medulla, we did not speculate about
hormonal factors influencing age-related changes in the stroma. The number of surface
epithelial inclusion cysts increased markedly with aging. The morphological age-related
changes in the ovary occur mostly in the stroma, and factors affecting ovarian aging can be
clarified so that qualitative studies of age-related changes in the stroma will be performed.

(Tokyo Jikeikai Medical Journal 2008 ; 123: 99-112)
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Fig. 1. A schema of histological structure of the ovary
Table 1. The number of specimens on each evaluation
‘ 0-9 ‘ 10-19 ‘ 20-29 ‘ 30-39 ‘ 40-49 ‘ 50-59 ‘ 60-69 ‘ 70-79 ‘ 80-89 ‘ 90~

cross sectional area
whole ovary (n=78) 9 0 5 7 10 15 11 10 8 3
medulla and cortex (n=72) 4 0 5 7 10 15 10 10 8 3
vessels in medulla (n=71) 4 0 5 7 10 15 10 9 8 3
thickness measurement
total thickness (72=86) 11 0 5 8 10 15 12 11 11 3
Funica albugin_osa and ovar- 4 0 4 3 7 13 10 11 10 3
ian cortex (n=70)
number of follicle, albicans
and cyst (n=78) 9 0 5 7 10 15 11 10 8 3
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Fig.2. Age distribution of the ovaries
Age group of under 19 years is shown as ‘0~’
with a ratio for 12.5%, 20 to 29 years as ‘20~’
with a ratio for 6.29, respectively.
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Fig.3. Ovarian cortex (age 0years, Masson-
Noguchi)
Multiple primordial follicles in the ovarian

cortex are shown.

Fig.5. Ovarian cortex (age 61 years, Masson-
Noguchi)
The hyalinization of stroma cells (arrows) are
observed in ovarian cortex.
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Fig.4. Ovarian cortex (age 32 years, Masson-
Noguchi)
Primary follicles (arrows) form a line along
the cortex surface.

Fig.6. Surface epitherial inclusion cyst (arrow)
(age 87 years, Masson-Noguchi)
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Pattern 1 : flat type

Pattern 2 : mixed type

Pattern 3 : nodular type

Fig. 7. A classification of nodular changes on ovarian cortex
We classify the nodular change of the ovarian cortex into three patterns. It is graded according to the

amount of nodular change into three patterns under microscopy. Negative nodular change is recog-
nized in cross section of specimen with flat type, nodular change is partly recognized with mixed type
and totally with nodular type. Illustration of the patterns in the classification is demonstrated above.
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Fig. 8. Age distribution of the nodular changes on ovarian cortex
Age distribution of the nodular changes on ovarian cortex is shown in the figure with each number.
The nodular changes (mixed type+nodular type) is recognized with 26% in total specimen. Nodular
type ranges from the age group of ‘30~ to ‘70~, it is most common in the third decades with 4.71%

and fiftieth decades with 9.419.
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Fig.9. Ovarian medulla (age 0years, Masson-
Noguchi)
The rich stroma is observed in the medulla.

Fig. 11.

Ovarian medulla (age 32 years, Masson-
Noguchi)

A corpus albicans and a Graffian follicle
(arrow) are observed in the medulla.
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Fig.10. Ovarian medulla (age 25 years, Masson-
Noguchi)
The blood vessels distribute like a bough in a
stroma.

Fig.12. Ovarian medulla (age 89 years, Masson-
Noguchi)
Multiple corpora albicantia (solid star) replace
the most part of the medulla, while numerous
crowded (short arrows) thick-wall blood ves-
sels (long arrows) are observed with narrow
lumen within the medulla.
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Fig.13. Cross sectional area of whole ovary
Graph demonstrates the average of cross sectional area of whole ovary (open circle, O), ovarian
medulla (cross mark, X), ovarian cortex (closed circle, @) in each age group, respectively. Cross
section of whole ovary has a big peak on the second decades and its area decreased subsequently after
the third decades. Cross section of ovarian medulla is similar in pattern of increase and decrease to
the whole ovary.
Symbols indicate significant differences. (*p<.01)
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Fig. 14. Cross sectional area of ovarian medulla

Graph demonstrates the average of cross sectional area of corpus albicans (closed circle, @), vessel in
ovarian medulla (cross mark, X) and ovarian stroma (open circle, O) in each age group, respective-
ly. Cross section of ovarian stroma has a big peak on the second decades and its area decrease
afterwards. Cross section of ovarian stroma is similar in pattern of increase and decrease to the
ovarian medulla. Both the area of vessel in ovarian medulla and corpus albicans is almost settled
after the second decades.
Symbols indicate significant differences. (*p<.05, **p <.01)
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Fig. 15. Thickness of tunica albuginea and ovarian cortex
Graph demonstrates the average of thickness of ovarian cortex (cross mark, X), tunica albuginea
(open circle, O) and total tissue (closed circle, @) in each age group, respectively. Cross section of
total tissue has a two peak on the second decades and the fiftieth decades. The thickness of ovarian
cortex has a peak in the second decades influence the first peak of whole ovarian cortex. The
thickness of tunica albuginea has a peak in the fiftieth decades influence the second peak of whole

ovarian cortex.
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The follicle in ovarian cortex decrease remarkably after neonate and disappeared after the fortieth

decades.
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Fig. 17. Density of corpus albicans in ovarian medulla
The corpus albicans in ovarian medulla is initially observed in the second decades and gradually
increase its density after the fortieth decades.
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Fig. 18. Averaged number of follicular cyst in ovarian cortex
The follicular cyst is observed constantly in the first to third decades, but its number decrease
remarkably after the fortieth decades.
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Fig.19. Averaged number of inclusion cyst in ovarian cortex

Small number of inclusion cyst is observed from the first decades to the fortieth decades. A peak in
the fiftieth decades is recognized and its number increase after the seventieth decades.
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Fig. 20. Cross sectional area of blood vessel in ovarian medulla
The cross sectional area of blood vessels in ovarian medulla has large peak from the twentieth decades
to the fortieth decades and gradually decrease afterwards.
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Fig.21. Density of blood vessel in ovarian medulla
The density of blood vessel in ovarian medulla increase sequentially from the first decades to the
ninetieth decades.
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Table 2. Results of immunohistochemical staining
for ovary

‘ERa‘ERﬂ‘ PR‘AR

1. Surface epithelium

Case 1 (Age 30’s) ++ + — +4
Case 2 (Age 50’s) ++ — _

Case 3 (Age 80’s) ++ — —_ _

2. Stroma

Case 1 (Age 30’s) ++ + — 4+
Case 2 (Age 50’s) ++ + —_ +4+
Case 3 (Age 80’s) ++ — _ +4+

Results of immunohistochemical staining for each
specimen by anti-estrogen receptora antibody
revealed as ‘ERa’, anti-estrogen receptorf anti-
body as ‘ERf’, anti- progesterone receptor as ‘PR’,
anti-androgen receptor as ‘AR’, respectively. Pos-
itive staining was assessed as ‘+ +’, weakly posi-
tive staining as ‘+’, negative staining as ‘—’. Case
1 was a woman in her thirties, Case 2 in her fifties,
Case 3 in her eighties.

Thotz. 81X ERa, AR 23514, ERB 13 30
AR, 50 IR TG TH - 7. PR I3 TH -
72. ERa, AR ZFEDSTH, BEE LD b G
F o T, FfiC X Vs Rz RD» >
7z,

FE N O MR E, 30 BT 5%, 50 AT
1.75%, 80 &t T 1.25% Th -7 (Fig.22).

V. % =

INEOFEAMEREIC DWW T IIEOMEZ(L %
MESL7cjE Tk, JIRERCERH LI b OLS
WA HEMTETOERIHL DD, Wb
DNERESIX 20 A TIRA LAY, 30@AED T
TRBEDZIFZCO 5, VIRH, PRIATIIRAE
B0 1/212, T0 5%, 80 Tix 1/3 Ik °F
W9 2%, Bl b OWFETIE, MELoHR»H
D, NHEEEOHFEIZTERP oD T, JIHD
REIE OWITAIRE (UNEREWTERE) % HE L 7223,
ZO/ERERS &, 205K TRAL DD, PR
TIRAREEOK 1/2 12, 80 ML TIdHy 1/3 s
LTwiz, ZHUEERICHRETSNI-EEIC X 2%
b E2—IC LT3 EEZ 5N, FEIC L 500
HeMmBOEtd 7z, Bk FEICIIEO K

REFHEERTZYLEBETH L LE 2N,

YL MIER N 2 ERROFS « INEe
WIERIC B W CRE, fEECH T CHEEZFHIL
7ok 25, PUEEWTER & SHE R ORRKIE
VIVORIRIZH 57z, Lind 80 AR TOIZIEY
N T DM % CC, BHE B ITIIRER O 70%
~80% =L ®TEY, »OMOERTH 2 EIH
BOZEHEH IV, Liedt> THE ORI >
HEZ LT INE SR O & b 4 5 mEL
REREEREZ TnE, Lo THBS TR
WweEzoh3, IO L XY, FIESEON
S EE, FEOZOEEE, IHEEETH
3 EfEswmaInG.

REAEBS L OCEIICOW T JE A EmE
1%, BEREZEL QZIZEMNRVS, ESTH
BLTHDE, ZDDOHEEBE SN TS, 1988
FICHHES 12, RN IZIVE O KBS & B8
HE® B LG L TB Y, FEIC b ERRHI I,
FERINEEERD 1/2 25 1/3 2 584 % L O
D 5310, SO OWFFEIE 2 s DE
HEBRTIFE R STz,

B ORI OWT : SEFfAI:bIX, IEE
YNEL D 2B D fnigs i S I REE A kI D S MG
L, 20 B £ Tl flat type, 30 mRfRLAEE IZ mixed
type & nodular type 23Hi¥L L, nodular type 1%
50 AR TR B %L %, 70U THU flat
type DN E L 5 Z L 2SIz Uz, FEHi
M2z D TiE, 1958 4£12 Bigelow 5V iz &
D, WEREEICR SN SRSz e LT
BT oh, RYIOFEMLREN TSNz,
HZALE D, FEDEAH 0.2cm P EER 572
FEG] %2 IR, 0.1cm 25 0.2cm % T %@
HERRE E L, EE EOBRRE L Twi—
7T, IEHINHEEE OREEIPEZIC DWW T OFER
Aoy, Zhiextl, 1965 &1 Boss 5V
1%, IEEINEEEICA SN S EEORIEEZEL &
U, PIHACHiSERMNG X /R & hoc ks
L, T3 2 & REICHRIICIREESIZHS »T
e 2, HANRETEERD S X512k 5
2, 7o Z ORI TH D BmEK
LELD I BRE LT, & 512 2 OFSEIZEL
1%, FARMOEIB TEEZESNS X2 IckrD, B
%4 FELGEOHBSEE N Y — 71275 5 2 LR



110 1M

SNTW5, Al b ORI TH, FARHOHIERIC
nodular type 23K ER D, & & b I L
flat type NEBATL CW L HANBHEZ I I, &
ERRET L e &flicB T, JIEEEDE A 0.1
cm AIFTHY, Zho D bid#EEmics s
2 b DT L, EFEINEOMkEZLO—H &
EZzohs, ARHORI®R» SBZE SN, I I
BIL T, tErORESHE S, SHBHEB
BRIZEDE D ITHEERZ L TOEDOMEEL TS
BN H B,

BEOIME, [, BEICOWT: JIEEE O
MO HD 2 WHEEOZ /% 7 5 & &I 20 7%
R~ RN TH I onEE—27 RRLTED, &
DY =271, JIEIUEANHERE L T\ 2 B —
BLTw3bDEBbhs, DB S
728, IMEBEE ML w5, ZhixiiE
BOWEA (BH) fE> bDOTHY, BROIFES
Thsd. LrL, ZOBEINEOMHEEOZE
1%, HESEORBOEE LRI EL 52 5
O LIFHE I v, SHEREVIE, ks fE S IRE
DIME D EBHE SN T VB2 kS5t L 3
BZEALDRIREE %2 55, Fa7z B ORFE T b ks
WS T O LR RS s iz, 2D
ZEMSRBIMBHD LS 2 L 2ERBICANDS
&EBMCHIE S N7 IMERD S AR S 1 2 JEEREE
BRI HEIR L C, BRIE(LOD /S 1 2 JUEE Ik fia s
BEEEICHHY DD H 2 b D LHEE I NS, Bk
Wiz & 2, HHEOERBEBOZEEDINE
WWEDEIBREAAEEZ TV IDOLE R
2, SEWNBLEOD DT IE N KM e
(CD34 Jeft) DGR, FENOJIME 3R FRIIC B
HLTw2 EHEES NI,

HERE, 40 7%A E TINREEE O 10% L o
2DHTH DD, ZDOHBRE ML 90 KA TI
BB SR DRI 509% % L Tz, [ S Mk & &
BIZKSSEML T3, BWEEROBEDE
I IRINE EFERRICEEL TuwnweEZ o N
5.

HWEMEOEEOEEATHADE, E—27D
20 A CIIBEERER D 60% 2 LHTEY, g
WAHT 25, 50~70 T HH 40~50% % L o
Twiz, RO ENZOERIIFEETH %
CERBICHRNRTE L TH DY, TOMEH

&5

HozuR, MEREOZIICK-> Th o sh
End 2R, EAROERNSEFEZ 5.

PHEE DBERERIBL 2 ©, TNERO FARIZINLDTF
TETA2MERETHSL LDEZOVEFEEL, TN

LU, SiEOEmEEbEATHLE, ZNLE
TIMEDEYEE L Tfbh T X 7-INHEEEI,
SHICEERBEND O TRV EHEES R
. UNEBEE DS b, JNEREE X — B
TR ERFERHSTEBY, SOCRVEYOEE
PIEFHE, RACERT 28T H 5. HE
- CHE 2 S 2 Mifast <~ Y v 7 2T
% % collagen, fibronectin, laminin 7% £ »3 &1,
BHZALS 2 ZenlEsnTs Y, Zo—%H
ERTCHBIEREN RN E Y DFETICHB Z k
D3In% ., RIVE V EN L THEBEH S 20
TR ZITL T AREES R S 5, SEl, B
72 B O TG = Hviziz o, wv<) v
EEIZ X D collagen 7z E OfEMTIZ T E Loz
», 5B SEFEER, MEDOKSICOWT
LEEHICIAR T WL BE N D 5 & bz,

—7, NEOEERE Ot bt LT,
MR E b5 b O LRk, TNl eE S s
BEER L E M E LR 52 TW A D TR W
HEHEE SN DD, 2T 2EEHEkIEA 20, K
VE Y DOEABICEAL T, 1991 FICEE#ES ™ 13,
BREIENERE (32~43 1%), BREANERE (43~51 %),
EAREEE (52~82 %) TIX, Pregnenolone, 17a-
hydroxy pregrenolone, 17« -hydroxy-progester-
one, DHA, Andorostendione, Estrone 13%E#n &
EDWREAL, BIHRCEDWERIKEE
AT EREL T, 2FA 2@ L -5 S OH
43 X Estradiol (E,), Progesterone 1%, 10 %
REBEFELS 0FARICDETE =7 2D, 2D
Db ABIZIET, Testosterone Ik 20 A TE —
7 RWOBRBEETLTCWS, 26 DOMEN S 1T,
PIE R IVE > OIIIC X 22 ke, MEOEDE
b EENEEE R 2w, MEfcs T2
RIVE VR —DOIC & 221061355 DT
B3I, BELTCRVELYVET Y —DRE
Pt 2T I FER T, B Tl ERa, AR 284
Fhn T, ERB X 30 &R, 50 A THEET
Hotz. PRIZEHETH - 72, REBE T, ERq,



PR Dt EZA L

AR IIHEME LV bW P 2 HAE H -T2
28, IR ICEES AvEe v v R 7y —DENZEGIE
BHS Tl rolz, D EOREL S, REOM
LI L TO 2 RFIZOWT, 2EFFER
Do, RVEY VLTI —IZDWT b IREN L
RiIFonisrolz, SEHHCEEL THn
Wb b,

Surface epitherial inclusion cyst iIZ DWW T : Z
DOEEMTIFLART & D s IS BT 2 48
NEE 270, WEBAO—HEELVWbOILTE
7o Fhlz b OfFETYH, S0 TE—27 25
B, 512 70 &R & D HRL I, 90 iR TRM
WML TBY, 2he 2E TRk Tz,
E7z, JHHOKE LM - BB SO T4 135
UMz & 2RE L OIBG L BEIEICERT 5 &
EZoN T3, ZOXREFKOFAERICTE
% inclusion cyst 2MbAEE B THENFKET S &
D# Z 5, inclusion cyst 75, FIHEDFKE FF7
% MEEEEORBFE TR ZWAEEbRTW
21010 SEAE, UNEEOREEERIL, 40 oM
ML 50 R TcEe—7 2z TIEIFHIT e D,
8O AL T EAINT 2 L |EDIINTHB
D, ZhiE, BiR® inclusion cyst OFA K L [FfE
O EZRL T3, 2D ki, inclusion cyst
LI OBRE IR T AMELE 2 5.

St OWFREEBIC, MR E b 725 IIED
B OBENZAL & % OJRRRFOMEH, TN L
FEEDORM & 2 B IERBFENZLE EOTHTE 51T
WHoe I, BRRFNCERIL T TwWiThiEeE 2 T
w3,

V. #& B

1. UNELMHEIIXEN T —2 L LTRE N
TWHINEERE CMHEL TE Y, JIEOFRE
B, EEOEEE L THW S %, SHIO 2
THEOHIER I, 20 R THRAMEEZRL,
Z DRI LTz,

2. MBELEROREHENE RO EELS
ZTW20DIE, INEHE ORI TH 5.
¥ 7: 2 OME O ENZELO ERIZFEE I D
LRSIz,

3. DNEFEOMEMIIEEZB L TRELE
iz »r o7z, T ORBERIFERBINC I

10)

11)

12)

13)

14)

111

BOED ZEENAKEVWET S, ko
EL 3R IERTHS.

Surface epitherial inclusion cyst &<
X ZEIMEMSBEETH D, FoiE L OB
BEHS N,

SHRINEHEMEOZ e ER2 5 2 %,
RVEVREODHRFEWIFET 2 2 LIk
T, FEOBEIHS 2725 L SR
INns,

X ik

Boss JH, Scully RE, Wegner KH, Cohen RB.
Structural variations in adult ovary-Clinical
significance. Obstet Gynecol 1965; 25: 747~
64.

AR5, ZdwIEE, VEHEPER, SNEE O HFa.
&I 1988 ; 4: 761-4.

HmE A, LA gEd, R & ERIK 19895 7:
1378-9.

HEFR A, DN O aging & HEERRA O IS,
e 1990 ; 44 : 393-400.

PHHTEER, B, ERART -2 7y 7. Ehw
DOF 1976 ; 28 #5T : 42-50

ZeREETHR. Ovarian Aging, FERFOHFL 2005 ;
57: 709-11.

BEHIEE. DNHDEAL (ovarian aging). 7 &iw
2004 ; 7: 923-7.

REF—, BIUES, AKi, SIEHMER, HE.
EUDI, EAIN - RO BN, R
NT A, HE: SOBHE; 1990.

EAE L ARIREEICB Y EL T4 A b
D —. NS, EINSERA R, SMERREY. R
T SCRE 2003, p. 1641-67.

FA ¥, FEE. B UNE O & R,
AR ESE 345, i ARHEE Y, SECTIONG §N
B, OHE: SR ; 1994, p. 510-23.

Bigelow B. Comparison of ovarian and en-

dometorial morphology spanning the
menopause. Obstet Gynecol 1958; 11: 487-
513.

ARETR, LA B M=, 5IREER BEE.
& b B SRR, AT SredRE ; 1999.
p. 372-8.

Berkholtz CB, Shea LD, Woodruff TK.
Extracellular matrix function in follicle matu-
ration. Semin Reprod Med 2006 ; 24 : 262-9.
TEE Y, e, b R, TEE W, PR



112

15)

16)

1M

AET, RNEY, ol X 28186 & U
THHEOMA T a4 FWEEDZE . Eo iR
1991; 43: 205-11.

RRT 1, FroisEE, RS, C YN BIES, 7
IR ARREES 345, I ARHERY:, SECTIONG Ji
B SR ; 1994, p. 533-4.

EVEEGA, INEE O TER G & B REE L.
WICIE— MEEE. MIEER AR VIEW /B ERIR
R, 4 SHEMRET 2 ARHRE, B
AP HINVE 2 —%; 1996. p. 52-65.

&5

17)

18)

19)

WIS, N, $OtE— REE. MBERAR
VIEW /B EGRE R, A2, S BT 2t
ABHEHE, B 2 Y 2V Ea—%fk; 199. p.
130-49.

BETA. RO FUMES: - DNEFREH 2 T
B 2. PERRABHAERE 20055 90 : 941-6.

i EZ, SRHEWD, BILR{. BAOEE O
B, EERIER 72 2 74 A 2007; 3: 108-
17.



