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ABSTRACT

This experiment was performed to study the ultrastructural changes of the juxtaglo-
merular cell of mice following subcutaneous injection of heavy metallic agents. Male mice
were divided into normal and experimental groups. The mice were subcutaneouly injected
with HgCl; (2mg, 5mg or 10 mg/Kg/BW) or with K:Cr,0; (5mg, 10mg or 20 mg/Kg/BW).
Mice were sacrificed on 6 hours, 3 days and 14 days after the injection. Kidneys were
fixed in the 2.5% glutaraldehyde-1.5% paraformaldehyde solution, followed by refixation
in the. 1% osmium tetroxide solution. Dehydrated blocks were embedded in araldite
mixture. The sections were cut on a LKB-V ultratome, and ultrathin sections stained

with uranyl acetate and lead citrate were observed with JEM 100CX II electron micros-

cope.

The results were as follow:

1. Juxtaglomerular cell of the experimental groups showed some alterations, especially in
the structures of protein synthesis including dilations and degradations of granular
endoplasmic reticula, atrophy of Golgi complex, and numerous free ribosomes in the
cytoplasm.

2. Juxtaglomerular cells treated groups showed a number of vacuoles, protogranules and
some myelin figures in the cytoplasm, especially in the earlier groups.

3. Juxtaglomerular cells of treated groups, contained a large number of secretory
granules showing variable electron densities and pleomorphism in later groups (2
weeks).

From the above results, it was concluded that, the mercuric chloride or potassium

bichromate induces acute renin release from juxtaglomerular cells of the mice, but many

juxtaglomerular cells may secrete prematured secretory granules, or the synthetic system
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of the cell can not perform normal function.

Key Words : Nephrotoxic agents, JG cell, Mouse, Ultrastructure

N B

19259 Ruyter’} 3z2 AFAA AHFAH AT
TUATFALTN ] AHE 7HA AELe] 9SS BT
3 %  Goormaghtigh (1939, 1940)% A E7|o)A o
E SANFAE] HA 9 ez ol ATFHEAE
(Juxtaglomerular cel)@¥ slg.om, AAFAAATE
HgAdgel #Este 24 rening A= Aoz
y3 A} (Edelman & Hartroft, 1961; Celio & Iga-
nami, 1981; Taugner ef al., 1982; Taugner et
al., 1984),

E4RS ABATFARAZE Zohe 72 729
2A AFFAIRAA (juxtaglomerular apparatus)@s
£ol7} 2T Qled], AMFAY FYATFALEAHR 5
EATFATY o e AFTFARAE, PHAFl Y (mes-
angium) ¥ XUyt (macula densa)22 FAEeo} 3]
9. o0 A AFARAZE $A4FALFD
FEAFALTEEY Fo YAy, AYnre AT
AGFTo] Ha2 de AFESAT AAE Fdo]
I, giapolhs ARALAY AT 4 P £E3A
FALFYo oA AbFA el 7R B FHYYA
A Xt} (Barajas & Latta, 1970; Barajas, 1970;
Hackenthal ef al., 1990).

AFFAZAZS Hie] FolE renind T Fa
E42A4 ¥A¢] angiotensinogen©] angiotensin® &
W3lgl ¥ 243l angiotensin [ 3A8LT, angio-
tensin 122 X & A 33 octapeptideq] angiotensin II
* aldosteron®] Fu|F A3t LA oAl G4
3 £89 AZFTE I EZA gty ko] 4
%38+ 939 renin-angiotensin-aldosteron system
< 3 Alsd} (Hackenthal ef al., 1990; Tobian,
1960; Vander, 1967, Hartroft,
1977).

1968; Taylor,

* o] EES 19959 E £AYYHL g7 A o A7

AR ZA 29 AP Eu A7 A deteME 1) §
YAFALTY o SR e ol wel AT AA EL
FFgel st Ade AW gE 544 (Tobian,
1960; Reeves & Sommers, 1965; Fray, 1976),
2) AUFEATE FHEE gAY Nat¥E (Van-
der, 1967; Thurau, 1964) &£ Cl-%X% (Kotchen
et al., 1978; Kotchen et al., 1983)¥3}7} AgQuke
T3t ALTFARA R G Fobe AWM, 3) A
TAZAE 9 Adube] £33 QM= A3MIAA Y 2
4& 7xs 37424 A (Ganong, 1972; Forssmann
& Taugner, 1977), 4) AFFAZFAbo]AEA AL F)
9324 (fluid balance)7t AFFARAZ J3F&
Zoi= JHY24dA (Rosivall & Tauger, 1986)%F «g
743} o] o2 AHEix 9

AR ERD F FILEREL 49 A HHH
o {47 A=A 43 Aol FA= ] FeA ®= A
94 2aeg Jdonl 53 FI4L Az WEA
v 3 d & g HelM o2 SAEAERNE o2

T Y 2 ARkl 9y Ao} $ton o
Aell gt A FHE 24 I AL AL Mina-
mata¥e] RIY o]Fo|t), 2 YA B oy
2, F71Eg Rl AU ER EAE o2l &
=& 540 Qlvh. 53] AAL 4ol we| A5
v A7, #7142 4y FAME HAF dxjga
of @ol] FAdr} £22 AAe] THFEAM R 24
3ol ik (oliguria)vt FX% (anuria) e E g2,
4 34| o) 42 (HgClp)-2 sulfhydryl group, phosph-
oryl group =% carboxyl group Fo| A#sledA &
284 A2 Hgsld F2 %, AF F Az
of AE Fo AlA o] w2 w2l (Oliver ef
al., 1951).

3F (chromium)> AFge) 73 4224 Atg
A 2ol we} 27} A 67174 EAsted 37 28] 7}
A& E3H, 3718} 671 Ao AEA IS £ 5 9
o}, 37} AL 67} AF ez ARHA gAY, 671 =2
2 7t 2822 Y 4A A2GE F3sie A
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E oM B4 Jeid A4 A4 WA 2Fe] 7}
Z o] 49 £ RNAoY 2 FollA 39| ddo
Folelze &delA A 4o} (Goyer, 1991). 67} 2%
£ 71 FIEAZF (KLr07)2 F2 AA, 7314, &
3 9 37 AdE F 53] AR oS
ZYste] Gl Skt A FAll ¥ AF
F 7150 GolA 24x7tel el 9F9] oo 4w}
Z7}atch (Hewitt ef al.,, 1991). o|9R-e 34 E3
2 A9 A4 290wt el A=l A7t 27
g F2 ZAFEAT &3S A3 Az dEA 9l
o} (Ruegg et al., 1987).

AAolM R o 80%7t FARHE 320 o
g FFEE- L Y7 o] FH e FHE B oF
Hel #AFAEG AT 75E WA 73}
o o ZHFEAR AZEL A 3 S 55
el 27) il F34 230 d7E gt

73E o] F919) HEEo] TeE FIF4
o FE4 B4 ARHZ A=W AA A
deoslidzt 2 d7 dAAE S AX 54E& v
W} (Davis & Berndt, 1994).

Ao 3t A Asle ARAL] Ehd S F
A, F34& 4o DAY FeHYd FTHETLE
A, XA FAAL-S g2 AXe &4E &
. FE45Y 13 AdEAe, HeEA] AR A
A7 AY Agad A% dFF A3 A,
ARATFA L AAFARH EA rening 495} angi-
otensinA & AF3ld HE £FAA AT F
FE A FA "B 23 £48 FAEH.

Fe5EA o AZEA AsAEE 4ol AL
2% A, ATARAZLAA renine] FH|HEZ %
FEANAN ARE FH3e idol FAgHd o
A Faeel iRz g LAY, 4
THAFEAT A2 FF45EA] FF 2A4gd o
SHAFEAR A EFol &S el Al Hel 4
M gho] A gk g,
olg} zhe FAlHARE AR o] &3] uwhe)
AR 9] P ggho] FFaF o] AAZA o] wigAed) #t

A7) e B, AL AAEHE FHE w2

N

T’

Lol ez owe

o

o A o]42-E Fod THFEATY T B9
(pars recta)elA] To] WA, FEL YL o=

TAFLARY FEH¥d A 4485 (Lock,
1993).

o 4G 334 B4 AHed daAdres 3
2FARE] THE BAol WU YAFE 2
249 rening sk 4GS AFARALY w47
2o AL QL d7a.

e o Uy

of Ao} AH&-T 22 AF 20~25¢g HE AR
ICRA xA4A9LH, AAFHEAE g FF42
3 o] 428 (HgCl2) 3 FIFAFEF (KoCr207) o} gi e},
AYFEE AT FI4TFHELE PEsdE, £
FEFAEE Q3T FAEALEFTLE
ot F94FACF 43R5 L2 e Fojgk of
% A% Kg¥ 2mg, 5mg ¥ 10mg FF22, 17
2 AFARFLE A% Ked 5mg, 10mg ¥ 20 mg
T2z AEsiich. dEAC)eH FagALFe
9o F44 FReel 5o 2% 4902 950} A
FE 5ol FEFAsA LA, oF FFEFAE FF
& FelF 642, 39 9 259 ol EAec,

7 79 AYSTEL 2T ZAsg o, =ARF A
79 s AFHM e 24 Al 2.5% gluta-
raldehyde-1.5% paraformaldehyde &9 (0.1 M
Millonig’s phosphate buffer, pH 7.3)2.2 dx31A
3l 3, o]oJA 1% osmium tetroxidesd (0.1 M Mill-
onig’s phosphate buffer, pH 7.3)¢] o]xzA3}g
o}, Ao By 3 WL alcoholT} acetone o B4
3 ¥ aralditeE o] Evjaiglel. Tojg Aoy
E| 1pm F7A¢ AH-E BEo] 0.1% toluidine blue:
AT, o AHRES FHv|A 22 ks A}
FAZAEL e 25 #lstdd. zelzuA A
FARZAE7} gd= §9F 9dsle LKB-V ultratome
L2 60~70nm FAY ZuEAE A9, o A
H-& uranyl acetate$} lead citrate® gA43 ¥ JEM
100CX II AAgr|H ez sty

2

1. YYT ATFAEME
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AT Y HAM AAFAZAEE AFFA] &
Aol gl FUYATFALTHY SN AEHL
o ZlAeez E8 Ao Qg ¥ ) gdlel o
A ol felAl EtFe EofoR MAF glgled,
o)A g4 (heterochromatin) o] # WEee] ghol
2o gl b5 2% T ddn TR g
Ax A=A

FHYARA D, ARA 2 dBa 52 AxA A
dle] 1% P2} ded, 53] AHFARAYL
F2 A¥Ao A Y YT e ERE BAZ 3 Udd
o, FAEEA G FHLAE Hd ZAs YAs9
ot AMFAAAEAN THAE AEA FHP 22
FEragon] AXY FgldaMe A #AHA o
o AATFARAEY EAA FREJ FuIY, F
rening #He AL 2 23 AL s} Geokst o
o]Aat Uty o2 e FEH, T vlMFAHA vlglo]
BE p2AFaE] Edie 558 F2E 2yrh
o2 o FHoM MEA ofsle ol @ow
AZAETIINE ojug & £ SdeH AR e
A%o] ¢ 1uym FEo|9eH(2¥ 1, 2),

2. N2

1) HERiol+2 FoiF

2 AYFANE ATFAZMZA wtebs Fu]339)
A3 2717h ¢ gl on, dAHeE FoF
the Al sl wtel vy wste] Ags B

A3 o) FAF 647 el NE A5 ATA
RAAEZ] FE HHE Hyod, W 9 AxE
< BT KT BES Eo7|E . A 5
HE ¥ T2 AREAAES 23
FYARALE o2 Y42 ARG o FopAln
PR A7 249 AU ued, AEAde: R
2A7L F7rsAA MEAY AAYES} Folgiet #]
HEL AAYE7L o GFAAHA, dALEs} 7R
W& AL AYAGAY $9) 243 A 22 AA
=5 Bgen, AAEst ¥ AL A4 A% 2
k(2 3, 2mg, 6A1HE). UF AEAME FFE
o AALEE B $uAREe] AR ¥ 971 =
$% Holrvl 81 (a9 4, Sme, 643F), A% A
Foll= AdAR S Lol B2ty = FAYLEM 5

53 2¢oE Wsp|E A (a2¥ 5, 10 mg, 643
). 3™ olF FrlaRlatdlE £272E] oA
v Aol vl HH.
32M 2 2 AEAME MEAS MBS §
Aol FrbstdT, Adael 28 Ad
H 7Hed od A e B2 T AVIAY FE
439 Bgs HolrlE A (ad 6, 5mg, 39U). A
3 W3k Hel AZe e A HH o] dF 2AH
A3 Koy 4% BR A nA TR B2 F
7t s, BHlsdle] wAURt Aoz Hely AE
Fe] FF Fiol adEgle JPulFde] HRex
B9 (ad 7, 10mg, 3%).

27U TN E 94| AT AT s A EE
kot A AEdEu A B qgdt ¢3d
AE HA slg EFAY 2gez HIE .
= od AL A% TEHAANS BT (aY 8, 2
mg, 259). o8 AMEx AEAS AALES} o+ ¥
< 7k SAEEAE A AEEAeH o4 39

<+ AR} A FARs} FHY e oz ¥4

2o

E oFHUE FAE Hol/|® Y2, AAYET} F2 A

Aol NEZ FHIE AR (W 9, Smg, 27
4).

29 SIEMNYE FoT

FAFALF FAF 6AATANE A A vz
T ATAZAEIE G A3 Axe 553 4
35 Bid. AAFANA L a201 gRHT A
22 AxAS AANYE7} B2 g MES vk,
FAYANA LY f2E F32 AZA AAL T} o)
ET oFE A A F¥skn. AAYESL
W& w2AEY B AAYEs 123 2o
277 dled e, AAEET} 52 oFE A2y £
Hgg e AR, ¢ 9 2707} gdshan, Axd
el TG fa4TEF dehPlE e oF
Az gl 2272 HYHIAAY 2AHY
(2 10, 5mg, 647D, ojd AXAME FFHA
WA 271 24 $AHIT 3 &o AALES} ¥
A2 7F5 A e ol Mz Fuisg dAd
E7b g B okde AAT] st ME F¥H:
AL 2Qd. = XA Qe olAg LA A
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34 28390 (a¥ 11, 10 mg, 6417, W37} 714
Agt AZNME AEA dN7 & FReE wglon,
I &y olAASA AR AIdEE oF A% Ax
A AAY 7} w4 Fobd FuHAY AALEg A
o]7} 9dsl=k (29 12, 20 mg, 6417h).

3 FoME AL TS} & AAFARAZY 47 F
7behe, dAZ FAELACL A5G oY Az
PR ES A RS 243, Y xgE
w4 273 ok (a9 13, 5mg, 39).

27N E AAYEs) w2 AE7) Bgten, o
£ AxY AL wl$ a3 2ofe] EFAE,
N EA Y Aigo] HA =] ulMA A EAE AE
2 FE oiFE e AF FERAAAG(2E 14, 10
mg, 259).

I

ARAF AR AAFARAEE $YATFALSE 5
Zrabtell fixslx glen 7|Hez Fe #e Slsidh
2 gube] uhsle] Aste] A 2L sl gL
2 AA=e} olon AJFAWAE, ARA o 2jus
AEE MEA Aubo] 15 FEF glglen Puzy
£ 33 T ASHHHE Rt e EAAL
E ATFARAES TN FAEHYEY oebge A
e 98 ATAEY A 2ot (Latta & Mauns-
bach, 1962; Biava & West, 1966a; Tsuda ef al.,
1971; Bucher & Kaissling, 1973; 7 21, 1985).

AFFARAEY #Ye o G et AR
s ek A 4520019 A 2713 (proto-
granule)> ISR v wWRPozA AAY FxI}
FAR o2 Jelde FAEFAY W} T2 FHA
FAEH, FHAZE A8 N9 2HY 7RI} 3hie)
Fh 4o gAUE T 2% F¥A (conglomerate
granule)e] 6, og7A% A3 AAY F2=
g, AdAE A5 ozA ddYelAY A
o] §¥He] oz Holr|x 3, FHYo| AR
Y7} B Edo] YA TEo] glon AAY T
&2t FAHA g 45T AHAN AREF2o
VeElA gde A2 o|E Y Ee] 423} (hydration)F
A 549 A4 o7 Aelzt s (Barajas &

Latta, 1965; Barajas, 1966; Cain & Kraus, 1976;
ALt 54, 1978).

Taugner$ Metz (1986)= A&s g2 njEr3y
o AAYTZE P 2] Aol ¥ FRARE
FAY F BEAAAY £ AL} BT 5 2
9 v]353Y (juvenile granule)e] §¥F o] WEA
g2 ded, ZAYTERE M 2isRle] #AHE

> A AFE Lol rening Aol wAGH o2

28] o] Fo{An dojui= dAelrt T4}
2 AYINE F55 FAF 39T o] FdAN R
£ z7|H} o] Golgi&gA FelM 2AF AAHE A
< F349 AF22 AMFARA EAA rening] A4te]
B3] dolitthe AL Haiy, ANLAM A5
gol 2 +2E 713 A Ee] TEHA 4otz I
o AAL=EsL A dAsALE, ol HJe Aol
AAE] dojvzn BEE Hel A&z7dege R4
HEY gl 7| dFol A2 Aty A

5% FoAF )Tl A-Y AALEs) clopat
o HHe gAY AAHE §F HPY A5HHY &
£ Y7t wers A AR 7 Aate]
FA3 F7hd ey e A7l dEoletn f4E 4
=

AFFARAZS 3L rening 3T S Bt
ofel o8 BEASE FHst glof S3aA EAS
el ¢gld (Tauger & Metz, 1986; Gomba ef
al., 1967; Nemes ef al., 1976).

Taugner ¥ (1986b)& A}FAZME =3¢ cath-
epsin Dete 3{A Eavt 4 EAlste] rening} £
£ 2Ase g Ee4oR Fe] A rening
AAZRED stech. & A9vie AAYEs} g
v, 45 2 AL HJAAd rening sheis
M7= H4 e gty Fdolet Aztgd,

AFAZAE AP AADEs B2 Al ds)
o} Barajas$} Latta (1965)= A<mAF 2719 #o]
gt 393, AAEY F5A (1978) U9 Aolg 3}
Aot A Tsuda (1969) = 45d H3]o] W2 d d+
FAL AR Ts} G F, A2 APAAY R
AYE7) dobAvkn 3o},

Taugner % (1986a)& u]lAd&az3iete] AL 27}

& 242 E8A4 renino]® cathepsin B} T4

7
o 3
H
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93 A renino® W3 AALEI} 2 A5
oz dda #4314

reniné] A4-& AsHA ASA7|E ALFARAE 3}
Hol 71 Bt o}, FUAFALTHY FHe|
Ae FYZA 2 FuH o] st AFAZAL
29 odY g
cher & Kaissling, 1973; Biava & West, 1966b;
Cantin et al.,, 1977). Yutdo 2 AFARZNEE 59
AFFA AEH Y F2hete] YRS e ARFA A
10~40 um GolA R7AA] EAl=d FES Tt o
g2 A 2o det WHddR g9, £ rening A
Qe AT ZAsE 12 A3e 5 wet 2o
AAY gotAA Hel AFARAZY F71 A €4
g1 g} (Hackenthal ef al., 1990).

B UGN FBE Sz PN DAY HAR
7 AFARAE AT epiel, 203 HL
4 4 JYFATE] ATANA Do) FolHl 4
AFALFAANE ol BRAYEA ol F24F
2 Qs renin Aol o] LTHOE H2g ATHR
A7t oA S AFAZANE} WHSHLE Hol

+5 Jehie g3 3ol A4dHe. =% AY
o] AHTFAZA el FALAS} AT BREY HE2A
E717F 2ol 53 A 27} d9HY B4E ool At o
4 AAEG e #o ZYx T oA B
AXEZo] Yehld, o|¢ztd AL Tsuda F(1971)
o] AA WARAF ALTARZA XM FAHLAI} AT
F2AGT S5, Peter 5 (1974)2 239 AT
Ax7} v AEFdEGH FASA} Bo] w3d
e A vl & ) ALTARAMEY FAA RS A
To] etz A€ ‘

AR R Eo A B3] o] FulepAE 98] (exo-
cytosis), &34 A QB2 (lysosome-dependent
mode of excretion), ¥H¥]EAY A EAW &3 (intra-
cytoplasmic solubilization of the secretory pro-
duct) g} Aol MEANE FHe] B0 A
74 Eolsh FulEHe Wilel g sglen, 1 EH

22 F&xA F2E A FEAte] TRy AEAY A

F2A93 sgo. duHezE olgs AL AHA
Aol e A4 #AEA g Adg A5E $T F9
FA48 8 F2 #AFYd T sl (Hackenthal ef

e Azrl AT I (Bu-

al., 1990),

£ AN FI45FAF 272 B0
Bgpo] BAHE AL AATFAZAES) BuAHE H43
ula7] ool vehbe dgele A4Hd,

AFFARA Ee st RS dRA EAEF
A AHFARA L) dFged, 53 FHAYAY
AL gubdes A3 725 HI gl Aol
ME B2 ATFARANEE FAELAL g YA
o] dHe oy, A% AXAME Fg v
ATzA H3E Byo. ojF #WIE B AZEAA
duire s IAEPAE 455D AFPARALE
73] 3} (degranulation), A¥3}(vesiculation),
A& (dilatation) &9 HEAE B A% &3
o] A% A AEAY AGFEE AAdq 49
cytoplasmic lake (Ghadially, 1988)% A3t}
Ghadially (1988)e] @2dl o2 W3h= 2 E4Z
AL FoA% AYFTES TPHEAA £3] By diolH,
Fdv oA A3t “cloudy swelling” 9] w7 o] =
71% geh o)siztel AP FAA el A FHgH
EFS Hol: HEE /1Y ARRAE, d2AE, 8
HGAE, FAREEE AZHo HAHE wol] AR}
of, FHYARAT Sol= PHEE FH}E Al
Aed, °oF AH3E JMEE 1) FuEge] 47
Sol gAstd £471%9 FAREEE 24d: AL
2) AAYARA L He ojdfel} A ojApLz 34
7199 71%AsE, 3) wAAAd $uFHHe] A4 He
57177 HAIIA Fdhe At & B2 U9 (Gh
adially, 1988). '

£ AN HRE Bl AZbed s A3y
AuAgel A3A A=, G ¢z Sor
AT AR AAYEst 22 FHo) A sl =
AR JHH ADTE AARES} ol FAATY
2 49 EAs 22 AALRE Byl o)ege 3
A& Ghadially (1988)¢) 7}Ade] u]Zoe] Ajzbsjuel,
oA, Fab] e &4, BuIlE o4 5& A4g
Z 9l SA4EAC] rening #4815 Sz A
AFARAZL] AP Fste T2 WIS
B RS e] ndsAddolA LAY, AFAA
7179 #4715 Hste B4 AsddE 2 &
o] Z7lele A 2o} wigbM 2 Age Az2 B o

rlo rlr
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g3t cleot FAEALES FoAsH AT
X 7hd AR 47159 A £k vldEH3
Hed 42 £ U4 A4

2 £

€ AEL2 355 B4 44 AANTARA L)
AATRe e G dobs] $ste] AlRsian.
AEE AR (AF 20~2520)F AFSTEZ AHgslge

W, 4T} FIETATOE Urdd 234
& Fodgst FHol wie} Q3 ol4e (HeCla) Tl 2 (2

mg, 5mg, 10 mg/Kg/BW)#} $3FA2F (KoCr:07)
Fol# (5 mg, 10mg, 20 mg/Kg/BW)22 1}yo], &
T4 Fo] F 647, 39 U 27 Fol BAse 2AL
AN FFETFAE AAY 5Fe 13 gaFat
shsich.

2 89 ARYAZNE A8 2L WYl
2.5% glutaraldehyde-1.5% paraformaldehyde® 2.
2 di 3HI F 1% osmium tetroxide o] o}z}3
Aetor, 1Ao] Ed 242 alcohol?} acetonelE

48§ aralditeEg Yol Enjsigdct, Tof® 2z
LKB-V ultratome22 60~70 nm 572 ¢ Ay
< A8l urany! acetated} lead citrate® g3t
¥ JEM 100 CX II AA#n|4 o2 ddsted e} 3
< 2345 994,

L @3l $est F2EALEE FoiY ALY
AFARAZE DHAPIIF FAA A
B £28 GAIAY, TARPAY 953
AZY S e Aol Rads} a5,

2. G| SLTH FAFALEL Folat 27 0YE
9 AFARATANE AEA] e 49| 2
27139 0 $24F2Z0] DAY,

3. @3RS FAFALEL Felg F/UYE
o AFAZATE PN 2 AU}
Bhepsiele.

V4o AHE Fye Gl FAENUE
2 47 439 AFARAZNN renin®] $u1E AF
s AL 2u12 do7) AEel, AFARAZE
gAY LaldA AFARAEY 47177 A

. mephrotoxic agents on the Juxtaglomerular cells of wmice 437

A7V 23 R3ke A 2o

$1g

rok

A%, BEA, 1978, wl$~ Juxtaglomerular celle)
WAo] [ AP0 A #F, AEYetey =
3 31, 219-237

7} A, 1985, Streptozotocing Fol3 329 Juxta-
glomerular cell®] o)A 7z, #al2)dt 28, 481-490

Barajas L, 1966, The development and ultrastruc-

ture of the juxtaglomerular cell granule, J,

Ultrastruc. Res. 15, 400-413

1970, The ultrastructure of the juxta-

glomerular apparatus as disclosed by three

Barajas L,

dimensional reconstructions from serial sections:
The anatomical relationship between the tubular
and vascula components, J, Ultrastruc. Res,
33, 116-147
Barajas L, Latta H,
the juxtaglomerular cell granule,
151, 321
Barajas L, Latta H, 1970. Structure of the juxta-
glomerular apparatus, Circ. Res. 20, 15-28
Biava CG, West M, 1966a. Fine structure of nor-
General

1965. The development of
Anat. Rec.

mal human juxtaglomerular cells. 1.
structure and intecellular relationships, Am. J.
Path. 49, 679-721

Biava CG, West M, 1966b. Fine structure of nor-
mal human juxtaglomerular cells. II. Specific

and nonspecific cytoplasmic granules, Am. J.
Path. 49, 955-979

Bucher O, Kaissling B, 1973. Morpholgie des
juxtaglomerularen Apparates, Verh. Anat. Ges.
67, 109-136

Cain H, Kraus B,
apparatus in malignant hypertension of man,
Virch. Arch. A. Path. Anat, Histol. 372, 11-
28

Cantin M, Araujo-Nascimento M-de-F, Benchi-
mol S, Desormeaux Y, 1977. Metaplasia of
smooth muscle cells into juxtaglomerular cells in

1976. The juxtaglomerular

the juxtaglomerular apparatus, Arteries and

Arterioles of the Ischemic (endocrine) kidney,



438 Korean J. Electron Microscopy Vol. 26, No. 4, 1996

Am. J. Path, 87, 581-602

Celio MR, Iganami T, 1981. Angiotensin II immu-
noreactivity coexists with renin in the juxtaglo-
merular granular cells of the kidney, Proc.
Natl. Acad. Sci. 78, 3897-3900

Davis ME, Berndt WO, 1994, Principles and
Method of Toxicology, ed. A.W. Hages, Raven
Press, New York, pp.871-894

Edelman R, Hartroft PS, 1961.
renin in juxtaglomerular cells of rabbit and dog

Localization of

through the use of fluorescent antibody techni-
que, Circ. Res. 9, 1057-1077

Forssmann WS, Taugner R, 1977. Studies on the
juxtaglomerular apparatus. V. The juxtaglofner—
ular apparatus in Tupaia with special reference
to intercelluar contacts, Cell Tiss. Res. 177,
291-305

Fray JCS, 1976. Stretch receptor model for renin
release with evidence from perfused rat kidney,
Am. J. Physiol, 231, 936-944

Ganong WF, 1972, Sympathetic effects on renin
secretion, mechanism and physiological role,
Adv. Exp. Biol. 17, 17-32

Ghadially FN, 1988, Ultrastructural pathology of
the cell, 2nd ed., vol. 1, Butterworths, Lodon,
pp. 413-571

Gomba Sz, Soltesz BM, Szokoly V, 1967. Studies
on the histochemistry of phosphatase enzyme in
the juxtaglomerular complex, Histochemie. 8,
264-274

Goormaghtigh N, 1939, Existense of an endocrine
gland in media of the renal arteries, Proc. Soc.
Exp. Biol. Med. 42, 688-689

Goormaghtigh N, 1940,
ischemic kidney with special references to the

Histological change in

juxtaglomerular apparatus, Am. J. Path. 16,
409-431

Goyer RA, 1991, Casarett and Doull’'s Toxicology.
The basic science of poisons, ed. M.O. Am-
dur, J. Doull, C.D. Klaassen, Pergamon Press,
New York, pp.623-680

Hackenthal E, Paul D, Ganten D, Taugner R,
1990. Morphology, physiology, and molecular

biology of renin secretion, Phsiol. Rev. 70, 1067
-1116

Hartroft PM, 1968. Endocrine pathology, ed.
J.M.B. Bloodworth, Williams & Wilkins, Balti-
more, pp.614-677

Hewitt WR, Goldstein RS, Hook JB, 1991, Cas-
arett and Doull’s Toxicology. The Basic Science
of Poisons, ed. M.O. Amdur, J. Doull, C.D.
Klaassen, Pergamon Press, New York, pp.354-
382 ’

Kotchen TA, Galla JH, Luke RG, 1978. Contri-
bution of chloride to the inhibition of plasma
renin by sodium chloride in the rat, Kidney
Int. 13, 201-207

Kotchen TA, Guthrie Jr GP, Galla JH, Luke RG,
Welch WJ, 1983, Effects of NaCl on renin and
aldosteron responses to potassium depletion,
Am, J. Physiol. 164-169

Latta H, Maunsbach AB, 1962. Reactions of the
centrolobular region of the glomerulus to the
juxtaglomerular apparatus, J. Ultrastruc. Res.
6, 562-578

Lock EA, 1993. General and Applied Toxicology,
Vol. 1, ed. B. Ballantyne, T. Marrs, P. Tur-
ner, Stockton Press, New York, pp.507-536

Nemes Z, Bodolay E, Gomba SZ, 1976, Evidence
for lysosomal matrix in the juxtaglomerular cell
granules, Acta Histochem. Bd. 55, 80-88

Oliver J, McDowell M, Tracy A, 1951. The path-
ogenesis of acute renal failure associated with
traumatic and toxic injury. Renal ischemia,
nephrotoxic damage and the ischemic episode,
J. Clin, Invest. 30, 1307-1351

Peter St, Lazar J, Gross F, Forssmann WG,
1974, Studies on the Juxtaglomerular apparatus.
II. Quantitative morphology after adrenalec-
tomy, Cell Tiss. Res. 151, 457-469

Reeves G, Sommers SC, 1965. Sensitivity of the
renal macula densa to urinary sodium. Proc.
Soc. Exp. Biol. & Med. 120, 324-325

Rosivall L, Tauger R, 1986. The morphological

basis of fluid balance in the interstitium of the

juxtaglomerular apparatus, Cell Tiss., Res. 243,



Park KH et al. : nephrotoxic agents on the Juxtaglomerular cells of mice 439

525-533

Ruegg CE, Gandolfi AJ, Nagle RB, Brendel K,
1987. Differential patterns of injury to the pro-
ximal tubule of renal cortical slices following in
vitro exposure to mercuric chloride, potassium
dichromate, or hypoxic conditions, Toxicol.
Appl. Pharmacol. 90, 261-273

Ruyter JHC, 1925. Uber einen merkovurdigen
Abschnitt der Vasa Afferentia in der Mausen-
niere, Z. Zellforsch. 2, 242-248

Taugner R, Biihrle Ch Ph, Nobiling R, 1984,
Ultrastructural changes associated with renin
secretion from the juxtaglomerular apparatus of
mice, Cell Tiss. Res. 237, 459-472 .

Taugner R, Hackenthal E, Rix E, Nobilling R,
Poulsen K, 1982, Immunocytochemistry of the

renin-angiotensin system; Renin, angiotensino-

gen, angiotensin I, angiotensin II and converting

enzyme in the kidneys of mice, rats and tree
shrew, Kidney Int. 22, S33-543
Taugner R, Metz R, 1986. Development and fate
of the secretory granules of juxtaglomerular
epitheloid cells, Cell Tiss. Res. 246, 595-606
Taugner R, Murakami K, Kim S-J, 1986a. Renin

activation in juvenile secretory granules? Immu-

nocytochemical experiments with an anti-serum
directed against the prosegment of human
renin, Histochemistry 85, 107-109

Taugner R, Yokota S, Buhrle CP, Hackenthal E,
1986b. Cathepsin D coexists with renin in the
secretory granules of juxtaglomerular epitheloid
cells, Histochemistry 84, 19-22

Taylor AA, 1977. Comparative physiology of the
renin angiotensin system, Fed. Proc. 36, 1776-
1780

Thurau K, 1964. Renal hemodynamics, Am. J.
Med. 36, 698-719
Tobian L, 1960. Interrelationship of electrolytes,

juxtaglomerular cells and hypertension, Physiol.
Rev. 40, 280-312

Tsuda N, 1969. Ultrastructural study of secretory
granules in the juxtaglomerular cells, Particu-
larly on formation and extrusion, Acta Med.
Nagasaki 13, 140-155

Tsuda N, Nickerson PA, Molteni A, 1971. Ultra-
structural study of developing juxtaglomerular
cells in the rat, Lab. Inv. 25, 644-652

Vander AJ, 1967. Control of renin release, Phy-
siol. Rev. 47, 359-382



440

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Korean J. Electron Microscopy Vol, 26, No. 4, 1996

FIGURE LEGENDS
Each scale bar indicates 1 pm

Juxtaglomerular cells of a normal mouse.

The cell contains a heterochromatic nucleus, round or oval secretory granules, and vesicular
endoplasmic reticula. The cells are located in the tunica media of afferent arteriole. Note the
endothelial cells (E) of the afferent -arteriole and the adjacent macula densa cells(MD). The
rectaangular portion is enlarged in the figure 2. '

Higher power view of the rectaangular portion of the figure 1.

The cytoplasm contains extensive Golgi complex (G), and abundant vesicular granular endopla-
smic reticula, and round or oval secretory granules. Note many fine myelin figures (arrows)
within the granules. .

Juxtaglomerular cells of mercuric bichloride-injected mouse, 6 hours following the injection of 2
mg of HgCl. _ _

Secretory granules exhibit various densities. Granules of lowest densities are filled with fine
fibrillar materials, and partial loss of limiting membranes are noticed. The granule contains no
intragranular myelin figures. Cisterned spaces of granular endoplasmic reticula are reduced.

A juxtaglomerular cell of the mouse injected with 5mg of mercuric bichloride, 6 hours following
the injection.

Many of the granules are fused or conglomerated to a conspicuous large granules. The granule
contains no fine myelin figures. Most of endoplasmic reticula are degranulated, and the
cytoplasmic matrix is filled with degranulated ribosomes and fine granules.

A juxtaglomerular cell of the mouse injected with 10mg of mercuric bichloride, 6 hours following
the injection.

Endoplasmic reticula are mostly degranulated and reduced in volume. The cytoplasmic matrix
are filled with degranulated ribosomes. Some granules are changed in form; the one near deeply
invaginated nucleus has rectaangular form (single arrow), the other one has polygonal form
(double arrows),

Giant secretory granules of a juxtaglomerular cell from the mouse injected with 5mg of mercuric
bichloride, 3 days following the injection.

A giant secretory granule shows many intragranular vacuoles, and it exhibits lysosome-like
changes.

A portion of a juxtaglomerular cells from the mouse injected with 10 mg of mercuric bichloride,
3 days following the injection.

The membrane bound structures filled with fine fibrillar materials (asterisk) are conspicuous. A
omega shaped cell surface (single arrow) contains a globular cytoplasmic mass, and the other
omega (double arrows) shows the figure of just-secreted contour.

A portion of a juxtaglomerular cell from the mouse injected with 2mg of mercuric bichloride, 2
weeks following the injection.

Secretory granules show complex conglomerations. Some granules exhibit multivacuolar changes,
noting the degranulation of autolysis of granules.
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Fig. 9. A portion of a juxtaglomerular cell from the mouse injected with 5mg of mercuric bichloride, 2
weeks following the injection.
The Golgi complex (G) and endoplasmic reticula are severely atropied, and the cytoplasmic
matrix shows higher density. Secretory granules show varying densities; some of which exhibit
intragranular myelin malformation (single arrow), mild halo structure around darker core (double
arrows), serial fusion of granules (bidirectional arrows), etc.

Fig. 10. A portion of a juxtaglomerular cells from the mouse injected with 5mg of potassium
dichromate, 6 hours following the injection.
Portions of a lighter and a darker juxtaglomerular cells are contrasted. The lighter cell containg
relatively normal structures. But intragranular myelin figures are disintegrating. The darker cell
contains granules of variable densities, some of which show abnormally higher densities and
deformations (arrow). Note the myelin malformation of the granular endoplasmic reticulum
(double arrows).

Fig. 11. A portion of a juxtaglomerular cell from the mouse injected with 10 mg of potassium dichro-
mate, 6 hours following the injection.
Enormous dilatation of endoplasmic reticulum (asterisk) shows a structure so-called “cytoplasmic
lake”. It is filled with fine materials. Lysosome-like structures are seen in the center.

Fig. 12. A juxtaglomerular cell from the mouse injected with 10 mg of potassium dichromate, 6 hours
following the injection.
A giant vacuole forms “cytoplasmic lake” (asterisk). The vacuole may be formed from a
degranulated and dilated cistern of a granular endoplasmic reticulum. The cytoplasmic matrix
are filled compact with degranulated ribosomes, and it shows higher density.

Fig.13. A portion of a juxtaglomerular complex from the mouse injected with 5 mg of potassium
dichromate, 3 days following the injection.
Juxtaglomerular cells with darker granules and cytoplasm, are bounded with their basal
laminae, and macula densa cells (MD) are located near the juxtaglomerular cells. Degradations
of granules (arrow), intracytoplasmic myelin figure, deformity of granule, fusions or conglomera-
tions of granules are noted.

Fig.14. A portion of a juxtaglomerular cell from the mouse injected with 10 mg of potassium
dichromate, 2 weeks following the injection.
A large “cytoplasmic lake” (asterisk) of dilated endoplasmic cistern is conspicuous. Medium
density granules are larger than those of control ones.
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