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Synaptic Reorganization of Dentate Mossy Fibers and Expression
of Calcium Binding Proteins in Hippocampal Sclerosis
of Temporal Lobe Epilepsy

Sang Pyo Kim, Seung Pil Kim, Seung Che Cho, Young Rok Cho, Ji Min Jeon,
Yu Na Kang, Kun Young Kwon, and Eun Sook Chang

Department of Pathology and Institute for Medical Science,
Keimyung University School of Medicine, Taegu 700-712, Korea

This study was designed to identify expression of calcium-binding proteins and synaptic reorganizations of dentate moss
fibers in hippocampal sclerosis of human temporal lobe epilepsy. Hippocampal neuronal density was quantitive
analyzed in temporal lobe epilepsy group (n=50) to investigate the degree of hippocampal sclerosis and it was compar
with that of autopsy control (n=3). To verify the distribution of calcium-binding proteins in neurons of epilept
hippocampi, the parvalbumin (PV)-immunoreactive and calbindin-D28K (CB)-immunoreactive neurons were quantitively
analyzed in each area of Ammon’s horn by immunohistochemical stain. Also, to clarify synaptic reorganizations of the
dentate mossy fibers, a part of each hippocampus was examined under light microscopy and transmission electror
microscopy using Timm sulphide silver method. In epileptic hippocampi, severity of hippocampal sclerosis (HS) wa
graded four, which consisted of 3 cases with no HS, 6 mild HS, 12 moderate HS, and 29 severe HS. The hippocampa
neuronal loss was most prominent in CA1, followed by CA4 and CA2. Expression of calcium-binding proteins wa
more prevalent in CA2 of all groups. The proportion of PV-immunoreactive neurons in CAl and CA4 significantl
increased in the moderate and severe HS group, whereas the proportion of CB-immunoreactive neurons did not correlate
with the severity of HS. Timm granules were noted in inner molecular supragranular layer of dentate gyrus of epilepi
hippocampi and they tended to increase in proportion along with the severity of hippocampal sclerosis. Transmiss
electron microscopy showed that supragranular Timm granules corresponded to synaptic terminals of mossy fibers. Th
results suggest that parvalbumin appears to have more protective effect against neuronal loss and that mossy fiber syna
reorganization seems to play a major role in pathogenesis of hippocampal sclerosis of human temporal lobe epilepsy
(Korean J Pathol 1998; 32: 328 ~336)

Key Words: Temporal lobe epilepsy, Hippocampal sclerosis, Calcium-binding protein, Timm granule, Mossy fiber synaptic

reorganization
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S vhAlslo] WZF9] 743} (mesial temporal sclerosis)
o] HIAIE] 71 o] Zlo] ZHAREAE Tl FHAIA|F| = V]
sl = Ao] glov} FFtAS VAE A
BE AwE S 9l AL gl ddo|r}’ Yubd

#lule] %] AF3] (dentate fascia)v= ]3| A ZHE %
54 7% E (perforant pathway)E &3l ¥o| 3]
S ZRE JEHES won X43]Y AYPAEES
AAE] TEI AAZEHE T FAATE A
o2 9eiA gin® FANANA g el DR
= Helz ety W UEFd 7Astzoln"® o] uj
o] AZ4AME Aol o3k gHEZF 73 (Ammon’s homn
Seosios) 2421°) IYAE 22 9 24 ol B
g’ 2 vl 9 AEA A3E Tdste WEE
Aflze HEAoz Ushlt gt wehe)
ZHA7IA 9] el dz8 Ao g Ay = 4784

29 +437) 9 F459 RE Y ke 9ed 2

o

AAE 9 72 - dnbAstell A ZAgy DA A F Ads ATA 329

ARA DAko T o H7h Yok o\F AR R
AEe) 4 a A (mossy fibers)e] Wotol] ojgk
A ATA 59 240 o) 254704 J)A F9
2 Hass Qo FHo] EFQ7E FEEY 9
#1x}2] sllmjoll4] Timm sulphide silver & 3}sk7]" "
£ ol3t0) AAAKS Az ATA FAE 2AS
I olgt HEo] ZuAddthd e g Timm sulphide
silver 7|%-& A &3lo] el 44 Fo Alds A4 54
5 gdto 2y F5AY JAE e Al
E5o| glom dfulA Ao &3] AEo| He e
3} Agzle] ARME 4422 parvalbumin 3 calbindin-
D28K¢} 722 ZrgZAgetiizo] 43 EXse A4
2dFF A 9 £40] dAE A Yehdths A4l
Hugm gk oo B AFAEL Z54NA %
A AR dlupzA S Agste] QRZ AANES
ZA3AEE ek ¥ Timm sulphide silver 22 5}38}7]
H el B 7DES o] &3 AAANAEA A A
AR wskek e ol AT Mg T
27 shglem, il F57HE 9] din) FEZellA 7
#7450l parvalbuminy} calbindin-D28Kel] thz}k
FEE FAE o] & HA=A3H WS A
a2 4de] FEE st Z 7R Hut
o] HAVIAE FeUTRH R Y|z B AFE

REEEES

R
1. A7 M=

At A EdolA FHE 59 B9 Z54
Azl o3 AA" FFHA3NAL] Ful=3]
CAl, CA2, CA4 8 XA3]7} & HZEFo] gl 504
Adsidet. zde 1A WE 22 A4A A
o] F7% ¥ 9 sujz3Z 3¢lE ALetdrt. HzFS
21, 23 B 24415 @Rl B Aol edojA sfjupzZ
o3 A7t aFALA, A 8 YukA 347 A
shlen Aleld Fukd AW IEd 4 gigich

2. BB XXISHE 2HAH

b B B = B |

o £2 nfu ofN mx

¢

D BEHNEY BE: w4 420 HuhEAS he
matoxylin—eosin%*l}—% AAsto] QFE7Fe] CAl, CA2
3 CA4e] AZRAE ¢ X443 HHAZY 5 =24
o CA3dde] AAAE F& A ulA Aol
galjA 2 A 02 FQsly] o dlEo] ol A
oslaict. #lul ABAESY = i dnpEH
CAl, CA2 3 CA4¢} X143 I ANEE #n)7d x200
o Aol 4] #EE & 7F of Ao AAHME 5 Ao
Arslodet. AR ALY £2UAEE Levesques 9] 7]
T HRE 3 BE, FTE Y IEE FEIHYR
S gl vkl 30% vTe £Ao] U 7

= e A
, FEET 30~80%9 44 9y HS, IE

Ho o 1
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80% ol A9 &£Ao] Qe AFE slion oluwo] AA
AE £AEE ZRQ7A6lA M B AL
A48 Holkx H99l CALIT CA49 AAANEL & o
279 AANES 9 va T HF LAAATE W
wgz A

2) Parvalbuminz} Calbindin-D28K0{| Cisl 8494 X =
5lstx 2tEh: Parvalbumin®}t calbindin-D28K 9] wHel g
87] 93 Wz sterel g 9o LAY parval-
bumin (monoclonal antibody, Sigma, USA) 3! calbin-
din-D28K (monoclonal antibody, Sigma, USA)-& Z+7+
1:500 9 1:1002 2 3|A4sle] ALt diE==
22 40e goeD 95E AR AL B
& A S5eta vlegat 30% H:0:5 9: 12 £33t
Solle]] 3087 A2olj4 wIXg & 0.01 M citrate
buffer (pH 6.0)&Nel] TZ = microwaveZ 584 23]
tdslgdet. 2 1% A4 vl"EA  (normal horse
serum, Vectastain kit, USA)S. & 37°CollA] 30E7F &
% 30 plo] g FAE =HAA Sl FIL coverslip
£ 9e b 37ColA 2407 ke AN ¥ olx @
(biotinylated anti-mouse immunoglobulin, Vectastain Elite
kit, USA)&} avidin-biotin peroxidase complex (Vector,
USA)E 1:2000.82 =&AHA So A= w2 F 7
ZF 37°Col|A] 308-7F F9ich. A% phosphate-buffered
saline (PBS)< A}-£-3}9it}. Diaminobenzidine tetrahydro-

chloride (DAB)-H,Ox &0 o & ®lFAs} 31 Meyer's hema-

toxylin® & tz <3A Zol ##slgirt. Parvalbumin
7} calbindin-D28Kell ¥t wod =288 fAe] A}
B4 L diupAdA e CAl, CA2 CA4 9 X43] 35
AEZE w7 x2004H /‘IOMW FE3 3 HAnkg
S Holz ARZAEY & 74 dqHZ A kg 1 F
T2 Ulo] ol sidsle HT ARAE 5o vjas
ol WiEg2 Atsisich

3) Timm sulphide silver ZZ|5}st M2 0|28t &
50|24 & 2ZHEh: Timm sulphide silver 2] 3}gho] 2o
Az 319 w37t gl T 3ol 2 sinbE s}
T 13o09] sfutzzg ALsigich b B 136l
AEs AAANL £AS 8l 26lolA 27 16%9}
25%° £AESE BT, FEEY ABAELEAE B
9l 8ol 7+7t 52, 59, 61, 67, 69, 73, 75 & 78%2] 4
AES Hetdiglon, 159 AARAE £4& Hel o
olA] = 81, 88 & 93%9] AAES Hrl HAZH ¥jn}
ZZ& 30 mm FAe 2FAHEG W50 04% so-
dium sulfidef Mol ok 208AE G4 £ —4°C9 1%
paraformaldehyde®} 1.25% glutaraldehyde2] Z g8 oHo]|
% i ARZA AT 1A F FA 23S YA o
+ 10 im FA|2 2FA g 5ol feElggol=d 7
A7) & 0.5% gelatin® 2 coatingA] 7] Danschert} ] "
o2 WAY e FYUN GO E BAsel kel o
22 AAAT A B2 A3 ARagzel g
Ao TimmagSe] WPYE AABG. bz

Ho] Az ATAS HAY 5 Y& ol g APk
7] 98 AL AANL 20% gum arabicgY, 5.6%
hydroquinone, citrate $F3=N-g& Z}7F 12:6:29] H]EE
QolA Agesich. Az S vz} v
ez sulAsEe HU4ZelA Timm 3
o] £A W 277 DA EAL Hseh

4) Timm sulphide silver 7| & 0|28 FIEXIH
0|Z4A 2k Timm sulphide silver 719-& o] -3t F3}
ARG AH B2 2T vtz 209 FF47
A sfn} 5eol|A] /‘] gslict. 4 sivkE 1.0 mm
TAS zAAAL wrEo] ALoA 04% sodium
sulfidegoHol] ok 202 AE YT & —4°C2| 1% para-
formaldehyde$} 1.25% glutaraldehyde?] Zgh-g-ollof o}
Z 1} A A7 o8 0.15 M sodium phosphate buffer
2 AHE e Al oSz 94sigleh. Propylene
oxideZ X33t = Luft‘%}ﬂdzooﬂ 9]3} epon EYEE L
afslo] 45°C ols}ell ] 48~ 72417 ok A% Ak
0.5% gelatin© 2 coating®l slideo]] 1 ym F7| 2 F1HA
(semithin)gF AHE a1 A=A|7l c}& t}A] gelatin
© 2 coatingA]|# Danscher ¥l '°o 2 A3l }& A
43 gRIYEY BAZEAS AU z0Ed
S odojA] mckel gridol] §-zFslgdct. FabA bl u] 44
BEA oln] A7 ol EAfsl= ol & 7HASE] 9
) AL SARL gum arabic €0, citrate 3o, 3}
A W 28NS 47 60:10:15: 154 H&Z 4o
Agstedch A 87F B2 gridg dA4H Kol A
71 & <hAdollA 26°Cell 1A17F &<t WAEkick. Gum
arabic £°8-& crystalline gum arabic 1 kg& 2 Lo] £5&
o =e] sAZ MAR T Az AeA A8,
citrate &ML 255 g9 citrate acid®} 23.5 g2] sodium
citrate S 100 mle] ZFZo] 4j0]4] ALsisict. 34
A ZE 0.85 g9 hydroquinone-& 15 mle] ZEFoll 4]
o] A ALsln], 28Me 0.11 g9 silver lactated 15
mie] Z54ol 4014 Ageiglch. Lane @A
o LhelA] FAET HolA Ageki SHAlA 26CF
FANRA 1417 B HAD F FRrell 3290 A
A3l & yranyl acetate®} lead citrate 2 o] FHAF A&
A A|s}o] Hitachi H-7200 £t g n] A 0 2 343}
t}. Timm sulphide silver 7]|¥& o]&3 53} 28]
A B FR DI A4 AUz g
Zolo] of Yelol Atz AT-Ao] B ool v
Yoz Timm 3o Z7kslo]l Y AS
e

%mFE

X A3 A3
Wilcoxon®] H3% H-g o] &
q4E AR e ZEAd
AZRAE 49 v]&-2 Wilcoxon?]
g3slo] thztoll wlste] ZgEAg el
E AAAES vlgol FeletA Frbehen
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A3} 36| & A LJgt 4740
A Bl 3trt BAs ek 470019 finlE ke A7
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Table 1. Age and sex distribution

7}
2

&gl
A~
T

A 50 F 32¢07F @R, 1817k oAl e,
42419] BEE HolwA HT 2694
A A el v

=7+ CAl, 2 3 CA4¢]
o Agionl 443
2RY 5 Yoot Fie
A+ CAl1 77.0
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9t} (Table 2). 7 <dodwl AAHES] £4 AEE
CAl oo AAAE F7} =Tl vls) FEE 9
A5 LAFNA 44 B 14.1+0.87§ (81.7%)e} CAl
643470 OLT7%)E FIAIA ZAa= A} (Fig. 1d).
CA2 AL tzdd v3l A%, $55 9 15
ZATANA A7 AasE A Bou A
o2 94 A& &E 9T (Fig. 2d), CA4 4o
AL dzFd vl FEE 2 15 2ATA 47
HF 3022+13.670 (55.7%)% 12.3+4.77) (81.8%)EA]
S oAl FistE AYS Bl (Table 2, Fig. 3d).
243 FHAANTE dzFol vl A%, FEE 2 3
5 AAFOA 27 213.1+1727/0 (26.6%)%} 166.6+
25971 (42.6%) W 75.5+12.470 (74%)Z2A] 3 ulh 7t
o] AANEL &Ao] & RE dolA $osiA 74

H et

3. Parvalbuminz} Calbindin-D28K0f| CH&F T4
mxsias AM

Parvalbuminol] thal ol =2 318 o3 Ay} vz
o] CAldlA] wHaElE AARAEY v &L HTF 29%
(o5} HF AAANES 23+0.670)0]9 (Fig. 1b), CA2
A= 67% (38.7+12.170) (Fig. 2b), CA4ol| A= 2.5%
(1.7£0.670) 9ir} (Fig. 3b). Parvalbumin %A X173 A3
o ul &S a9 sl oA g3 CAlT} CA4
o Hlall CA2eidollA dAs| @ wHgg Hch
CA13} CAd4ollA] parvalbumin kA A7 A E 2] v]&o|
gzl visl TS5 ¥ nE9 upFstTellA A
dR oz foluiA Zrlske AgS BPou CA2d

Age(years) Male Female Total(%) A& parvalbumin ¥4 AIZA|E vlgo] sfu}73te} &
13~19 6 ) 8(16%) AR oz 2o BA7} g3t} (Table 3, Fig. le, 2e, 3e).
20~29 12 9 21(42%) X443 2 Xﬂ%"ﬂ A T‘Z-Cparvalbumind] gk ko] o
o o . sgeny  ET D SIHAsHE ZRelA RolA sistonl siv} A
40~42 2 1 3( 6%) 7} (subiculum)®] AZAEEL 73 WHE Hol= 4

FollMRE ot HAG Hole MEAA chksiA
Total 32 18 50(100%) %= 9let. Calbindin-D28Kell thah W z=23te GA
A3}t )z Fol| A& calbindin-D28K kA A7 A E 9] v]
Table 2. Hippocampal neuronal density in the control and temporal lobe epilepsy cases
No HS Mild HS Moderate HS Severe HS
n=3) (n=6) (n=12) (n=29)
CAl 782+3.2 67.3+5.7 14.1+0.8* 6.4+£3.4*
CA2 549+4.6 51.8+11.5 41.6+13.2 39.5+10.8
CA4 67.71£12.3 66.1+8.8 42.0+8.9* 30.2+13.6* 12.31+4.7*
DF 290.3+20.4 278.0+31.1 213.1+17.2% 166.6 £25.9* 75.5+12.4*
~Total 492.7+18.5 47721264 3742 +13.1% 252.5+£23.3*% 133.7+11.6*

dentate fascia.

Values represent mean +SD. *P < 0.05, compared with control group. HS: hippocampal sclerosis, CA: cornu ammonis, DF:
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Fig. 1. CAl neurons of control (a-c) and hippocampal

Fig. 2. CA2 neurons of control (a-c) and hippocampal sclero-
sclerosis group (d-f). a: Well preserved CAl neurons. b, e:

sis group (d-f). a: Well preserved CA2 neurons show pynotic

Parvalbumin-immunoreactive neurons are very rarely observ-
ed. ¢: Calbindin-D28K-immunoreactive neurons are frequent-
ly found. d: Marked neuronal loss in the severe hippocampal

nuclei. b, c: Most of CA2 neurons reveal parvalbumin (b) and
calbindin-D28K (c) immunoreactivity. d: Mild CA2 neuronal
loss is found in the severe hippocampal sclerosis group. e,

sclerosis group. f: A few calbindin-D28K-immunoreactive
neurons are noted.

f: Most of CA2 neurons show strong immunoreactivity for
parvalbumin (e) and calbindin-D28K (f).

Table 3. Ratio of parvalbumin-immunoreactive neurons to hippocampal neuronal density in the control and temporal lobe
epilepsy cases

Control No HS Mild HS Moderate HS Severe HS
(PA-ir neurons/hippocampal neuronal density (%))
CAl 2.3/77(2.9%) 2.8/78.2(3.6%) 5.3/67.3(7.9%) 3.9/14.1(2.8%) 1.3/6.4(20.3%*)
CA2 38.7/57.7(67%) 39.9/54.9(72.7%) 33.8/51.8(65.3%) 26.6/41.6(63.9%) 27.2/39.5(68.9%)
CA4 1.7/67.72.5%) 1.5/66.1(2.3%) 1.3/42.0(3.1%) 2.8/30.2(9.3%%) 0.6/12.3(4.9%%)
DF 0/290.3(0%) 0/278(0%) 0/213.1(0%) 0/166.6(0%) 0/75.5(0%)
Total 42.7/492.7(8.7%) 44.2/477.2(9.3%) 40.4/374.2(10.1%) 33.3/252.5(13.2%) 29.1/133.7(21.8%*)

Values represent mean. *P <0.05, compared with control group. HS: hippocampal sclerosis, PA-ir: parvalbumin immunoreactive,
CA: cornu ammonis, DF: dentate fascia.

&8 CAlollE HF 74% (57.0+3.77W) (Fig. 1), CA2 G298 ¥zt 348 ¢ gloich
83.7% (48.3+12.970) (Fig. 2c), CA4 88.9% (60.2+4.7

M) (Fig. 3c) ¥ XA FHAEoA = 91.4% (265.2
+24.87MAct. alupdstell wE CAl, CA2, CA4
(Table 4, Fig. 1f, 2f, 3f) ¥ X|AF3] AL cal-
bindin-D28K ¢4l Al A|EQ v]&L tizFol Bl

olgs TEHOIAN AN

iz e 243 APAE ¥ JHLES (-
pragranular layer)®] Ex}Z (molecular layer)ol|A&



AAE ¢ 79) @ utAsteNA ZEAGhY B8R P Fe AdE ATA 333

Table 4. Ratio of calbindin-D28K immunoreactive neurons to hippocampal neuronal density in the control and temporal lobe
epilepsy cases

Control No HS Mild- HS Moderate HS Severe HS
(CB-ir neurons/hippocampal neuronal density (%))

CAl 57/77(74%) 55.3/78.2(70.7%) 53.5/67.3(79.5%) 10.6/14.1(75.2%) 5.1/6.4(79.7%)

CA2 48.3/57.7(83.7%) 44.7/54.9(81.4%) 42.4/51.8(81.9%) 36.8/41.6(88.5%) 32.4/39.5(82%)
- CA4 60.2/67.7(88.9%) 62.1/66.1(93.9%) 38.0/42.0(90.5%) 27.1/30.2(89.7%) 10.3/12.3(83.7%)
DF 265.2/290.3(91.4%) 259.7/278(93.4%) 198.3/213.1(93.1%) 151/166.6(90.6%) 72.6/75.5(96.2%)

ITotal 430.7/492.7(87.4%) 421.8/477.2(88.4%) 332.2/374.2(88.8%)  225.5/252.5(89.3%)  120.4/133.7(90.1%)

Fig. 4. Control group (a) shows Timm granules only in hilus
(h) but not in molecular layer (m). Timm granules (arrows)
within the inner molecular layer of dentate fascia tended to
increase in proportion along with the severity of hippocampal
sclerosis. Percent of hippocampal sclerosis (b: 16%, c: 67%,
d: 88%).

wAZol U% o B Timm 33| 3718 AL 5
9Jgich (Fig. 4b, 4c, 4d). ZFHAT FolAl siulA
v 5 AN E} ) =1 g “ o
Fig. 3. CA4 neurons of control (a-c) and hippocampal 32 Koz ogrdl 3ef|Zol| A 1dd|ol]A] X AE] A

i 3 S L
sclerosis group (d-f). a: There are many hilar neurons. b, e: g e ‘}t )
3 i = Pt 2-2ko =Zz913} A~
A few hilar neurons show parvalbumin-immunoreactivity. c: Heo] YRS £%e] Timm Igie] F7hsk &7

Most of hilar neurons show calbindin-D28K immunore- < WEY F I9e
activity. d: Marked neuronal loss in the severe hippocampal : < . e nlest Ea
sclerosyis group. f: There is a few calbindin-D28K immunore- > 213;2 1sj:lp;1:(1: sitver 7| ¢ E 0|88 FaAHR
active neurons. = =
Hazel slnizd A48 HRGES WRAZ

A Timm He BEY & Yolov FFAVAZ
linm 32 A 2 glolom X4 B (hilum) 9 dulzA sell F delellA 243 HHYARS NEA
Bool 4 B Timm UL 2 4 AN Fig 4. A F9 Az ATA Fo Tinm AJEE LY &
0743 e Euksln glE dlolde X443 HHEAES Aiet (Fig. 5).
e AR =0l YEZ= (inner molecular layer)ol]A] 5t
Tinm 329 ZAS Telshgs Qbdew dupds
o Axst AERGE 159 ddlA FPFRS W 259 ZHAoA 7 9 Wl WEFY F3T

K
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Fig. 5. Timm electron microscopic findings of inner molec-
ular layer of epileptic dentate fascia. Timm reaction products
(arrows) located at mossy fiber synaptic terminals (Timm
EM, original magnification X 12,000).

(mesial temporal sclerosis)o]™®] =7+ CA1 of ooj|A]
7H B ARAEZY 248 Yepdls 2L oln] de
FelA ok S eteolAE A5 B 64
o] FFAAY dintzF s BEAT Ado] o=
CAl, CA4, CA3, CA2 <o & AANEL LAo| A
PEke e AFsE B AFAINA R vl
37} SHbE 474 FollA =9 ulAF3HE Hel d)7}
29o| 24 7HA B2 HIEE A8l o CAlZF CA4
9] AAAME LA Fo] CA20l vld)| Y53 =of A
73S Hole FQ AL &g & g} w3t u
29 dfjulH 35 Kl FollA ZX CA2 o9 A7AA]
E A£AES H 31.5% & Jelo] CA2 g5 Zo]
A AL £Ao] FHbx o] 9lo} ohE ol 3
A 7H AZZAEY] 4o ZAu|gk B9 AL =9
g g Asith

o] 9} 7"°1 7t %Qiﬂéi A7 A E *6] g 24 %

wou} 1 Tow ol D499 BEABNE
b Fedkeh’ AAA el A BaaE

k2l 7)1 9] YH = glutamate receptors 7} NMDA
receptor7} Zr<rol] thgl A|Z W § gj—g_— =717 024
49 EY protein kinase 5& A3 AAA cfos,
cjung B|EL FHA ZJ|FAHA (immediate early
genes)”> > 9 proenkephalin 5-& ¥dsl= F7] HlS
A7} (late response genes)®] ¥FE*S xallslo] 7+A
S fuE Ao Az ek wefe o) HAol
A AZRAZU | parvalbumind} calbindin-D28K 3}
G ASAYU Yol TAhe Aol prcn
kinased] A3 E AgHAeZ 7 _/,L‘/qu AAAEY o

gl Aol disfe] wHlof °3‘%£ g T s A
Bk sul AT ZARue] e
g AFtNA ZAMEESL = calbindin-D28KY
& Holi GABAA F7HA17 A EE-2 parvalbumin
WA Uehlie dR R = A=A ¢4
Aol A 2 BEEch w2 g 7 99y
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