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Abstract : This study was carried out to investigate the effect of selenium on the adriamycin-
induced renal lesions in male Sprague Dawley rats.

A total of 60 Sprague-Dawley male rats were divided into 2 control groups(Cl: saline, C2:
selenium) and 2 treatment groups(T1: adriamycin, T2: adriamycin+selenium). The rats of the C1
and T1 groups were given normal saline(0.15ml/rat), the rats of the C2 and T2 groups were
given sodium selenite(0.5mg/kg) intraperitoneally three days a week for 4 weeks. The treatment
groups were dosed intraperitoneally with adriamycin(2mg/kg/day) five days at the second week.
Animals were sacrificed at the 1st week, 2nd week and 3rd week after dosing with adriamycin.

The morphologic abnormalities of the glomeruli and tubules in the kidney of male rats were
examined histopathologically and electron microscopically.The results obtained were as follows :

The mean body weight of adriamycin dosed group was significantly decreased as compared
with that of control group at 4th week(p<0.05). In adriamycin and selenium dosed group, the
mean body weight was decreased until the end of 2nd week but gradually increased from 3rd to
4th week.

The histopathological findings of the renal corpuscle in adriamycin dosed group were parietal
epithelial cell proliferation, vacuolization of glomerulus, and thickened basement membrane of
the parietal epithelium. Proximal convoluted tubules were significantly dilated and the lumens
were filled with renal cast. These lesions were generally not very significant in the rats given
adriamycin and selenium.

The electron microscopical findings of the renal glomerulus in the adriamycin dosed group
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were focal loss and fusion of the pedicels of the podocyte, and some vacuoles in the cytoplasm

of the podocytes. There were numerous cytoplasmic vacuoles in the proximal and distal

convoluted tubular cells. However, these ultrastructural changes were not significantly observed

in the renal tubules of the rats of adriamycin and selenium dosed group.

These results suggest that selenium may act as an inhibitor of the renal lesions induced by

adriamycin in male rats.
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Adriamycin2 1967\ Farmitalia Research Laboratoriesol
A Streptomyces peucetius var caesiusZ. ¥ F-el FAHR
anthracycline groupol] 43l TE YA BHEZZAM 1
T2 daunorubicin} v}$- FALETH? o] BFL oAy
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3H adramycine] F¥ FA-E&Q AFEHE 72
7171 A& oA dF7F FRHUAE vt selenium§ v
FoA g B9 addamycing o A AFHAo] 2
28 v sl adramycing & % vitamin ES}
selenium& FF GOV AFEAH ] HAHA gt
T SgU”. ool & H¥FEA coenzyme Q, ©] a-
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otA 2 A adriamycing a-tocopherol == coenzyme Qo3
HEaA FoAT dele g Fo47 BesveE ¥
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Adriamycino] #otAlEA g3 NS EHI}F Q= A
< Aol AREAE E4E FE £ 4 02
T e vt o] E 54FAEY 7)Mo 2 adriamycino]
DNAS} RNA §4 S A AL 84 AFA(free radicals)E
ARt} AZ el A $EaY 9AAE 3
*Ps‘:}(]ipid peroxidation}A] # A4 EZ &AA 7T 7|5

& dASgE B} AP ol g NL
of o MEzze &4& ] Hatd 2R Fatst
A| &, superoxide dismutase, a-tocopherol, ascorbic acid 5-&
A of = Ao EHE wYTiRL SHETIIRe

& dFolMe AP FEIA adiamycin®] 4 F=54 &
Foled 37} e Ao oz P9l selen-
ium& P9 adriamycin®} ¥-§ Foldto] adriamycinol
gaM FHEE A v A seleniumd] 3 E
Yol B 1 adriamycino] A YW E doy) & /) HA LY
N2AEE 42 s

AT 733 9] Sprague-Dawley
&34 oot A0l A
A7 A A F Aol AHE
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(08:00~20:00)9) QF %Y A ALSEP o AL
T HEEEE ARGRIAR)E FUL, $FEE F°E
& Afr 2ol 4HAAS

A HETEL YxEH 487 47 300}
¥ e th(Text-Fig 1) 272 AldzF(CHF}
A2 2T ()2 Y] 2tz 150 H wiA & T A
I zTel e 455 5o #=9 015mle] A 2
e FHE B9, Adzdde R AF
kg 0.5mg?] sodium selenite(Janssen Chimica, Belgium)E
w354 470 AU E B 4E7 s A4
FTIDH A2LET(TYLE Yro] 15ote]y WA
ATl AtdzgoAst go] Ay g+

ALdA FoAstd HAPAAE 27A 0 a-
driamycin® (doxorubicin hydrochloride, Q% ] 2})& 3} o]

e ot

Rz AT kg 2mgH 5U3 27 BERYE Foaqoh
A2E BT A0z Toll Ml o] ofF 384 43371
seleniumg FoJ 35 27 Ao = A14 YA Ao} 22
H 02 adriamycing E7HH 2 %o 3} th(Text-Fig 2).
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[D:] Cl and T1 groups were given satine(0.15mlrat) intraperitoneally three
days a week for 4 weeks, respectively.
: C2 and T2 groups were given sodium selenite(0.5mg/kg) intraperitoneally
three days a week for 4 weeks, respectively.
| Adnamycin(2mg/kg) dosing day, intraperitoneally five days at the second
week.
A Autopsy
SAL : Saline, SEL : Selenium, ADM : Adriamycin.

Text-Fig 1. Experimental design for observation of body weight

changes.
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[D]: Cl1 and T1 groups were given saline(0.15ml/rat) intraperitoneaily three
days a week for 4 weeks, respectively.

[f:ﬂ: C2 and T2 groups were given sodium selenite(0.5mg/kg) intraperitoneally
three days a week for 4 weeks, respectively.

|+ Adriamycin(2mg/kg) dosing day. intraperitoneally five days at the second

week.

A(5) : The number of sacrificed rats for autopsy.

SAL : Saline, SEL : Selenium, ADM : Adriamycin.

Text-Fig 2. Experimental design for light and electron mi-
croscopic examinations.
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Ha|si ey a Y ARNE  AEALFE 2,3 Y
4% o A Fo PTE 22 wHAZ F H
gy 2138 &< BRI FHANE §F2
719 £33l AHE B2 F49% EF
& gAsiglon A4 5 45 2718 HE 38 phos-
phate buffered solution(4C, pH 7.2) £ 4 0.2 A 35}

HoldH 3

(1) getso|Zdy & v R oz 337
ddte FA0G g 24 AHT F I FHA
10% F4 €% $2238 §9d A2 F dubAd
Z2A3e A& AY g, HEoR AT ¥
7 B9 2L 3-5pmTAY HHE wEo| hema-
toxylin & eosin & 433} PAS g4 & 3td FEHn|A o2
AATA G Aads FHLE AF2Z ] Wty 4
=E BEI Y

(2) M Ho|A 2E - AF2A L FRAAREYS
o2 A7) date] I’ JE 27|12 AA AEE F
0.IM phosphate buffer(pH 74, PB)ol >=¢1 1% parafor-
maldehyde-1% glutaraldehyde €240} 3A|zHE<E A A3}
A3, 0.1M PBE 1587} 33 4% F 1% osmium tetrox-
idedl 9087 FuARPch 1AY ZHL 0.IM PBR
SEZ 33 A8 A el mhe} ethyl alcohol
g@43AS Az Epon mixtureo] ¥uislict. Xufgh =
22 ultramicrotome(Reichert-Jung)S AF£3te] 1pm= ¥hA
39 1% toluidine blueZ 43 H Fadv|Foz H3
gt 2ebEH B9 E HA 35 Ultamicrotome 0.2 2
WA H(50~90nm)S A 23k & uranyl acetate$) lead citrate
2 o)F JAsle WL MEWgE Faaxdn
73 (Hitachi H-7100FA, Japan) 0.2 #&34ch.

SAN 2T 2 492 297100 B2 fey
AAL Student's rtestS o] &3ted ARG o, AT
% 2WA p<005 o4 A9 BARAOE 5T
I BAHA

N of

2

HEo gz} A AYsrE IEFAE Az
(C1) ¥ selenium$ BEF4F A2j 2 F(C2)S A E7MA
BE AEFEANA AFol FE Frrag oy A
A N5 FoAgHA APMNAF 250 adhamycing
Eog AP TN = adiamycin®} FoJ A2 F5

g A1, 20270 w3t AYFEAA AFol Frl4
QA 228k tHp<0.05). SeleniumE A &3 FojstH
M AYNAFE 259 adriamycing T F A2H P T(T2)
A M % adriamycing GEFA G A1 8 7oA vpatst
A| 2 adriamycin®] FAIZ FRE A, 2h27 o H]3}
o BAGH o FAA Ut FAFHE EATHp<0.05).
28} adriamycinHE HEF A& A1A E T o] 2k
2 g AAGZAME AFol 4UAA F 3IFLEH
AHEZEANA EAGHO2 H94 YA(P<0.0l) F7}
3 A H(Fig 3).
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Text-Fig 3. Mean body weight changes of saline(C1), selenium
(C2), ADM(T1), and ADM+SEIL(T2) groups.
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Zhd 288 B F
L, PR gF Z_

1 HIZQE‘EOME 7ol A
A ool FAAY

AEANNF 47T 24T
of R ol FHEH oA A B
Bages gde S
Y & A3A N2 F2
ol Ao FA4F57F AF
24T E BN A
ol 47t FAHUES ¥ 1 Yol
A ekt

YHo|ZY 2A  HEANF 2,3 D 452 F
1z A2gz2dy A3zA8 Fdngos @
A A3 doE ¥t A

Adriamycing GEFAF F 1FUAGNAF 257Y)
of MAFFTHY AFAE AT ZAE o] of
AL HYd BHog BAHUH IHITA DY
7ol A #4831 o5 Ax# ANAEIYAE
ofke] FX7 YA E Zo] BEFHUKFig 1). Zei} a-
HadM B3 H2AHF(T2)
°ME AAGFA A F2 ALFA ZAERY WY

B Axded 33 2 s %WﬂSEQLH"ﬂH
12“‘”01 FAE A gkgrod winH HAHA 7z
e A TH(Fig 2).

Adriamycing BEFQ g F 25 QA IANF 357Y)
of AAEFY AFANE 152 #ZE 27 ¥
sta) AbpA Y AZdeA B o B& FE} #3
Hojom dF AuPdME FhH02 FE7} F2H
AL Axd Apolo] BEXE 3L XEHoZ FY
o AATFig 3). M2 PTAM T ALY LAA Y 2
g ATAH WYAEG Aud FYAEIAYH FEE
¥z 328 & JUhEFig 9).

Adriamycing BEFA G F 3FYAENAF 45Y)
of AAEFY AFA Foiy AT FAH L Y|
gEdon g9 et ga HEH Aoz HYH
(Fig 5). o1t & 27 ¢ Bole A2AY AFA ZA
e ujdo] FFAsA WP AT 282 o]
HAEe F3E )4t @ASA vFE AN
A3 2o gz i F/d AoE #2

Ardg el Ae 8
Fdol #EHU e
F7F AR A2
FEHNH §%
ol A 22y A
557 ARHA 3
EHTGE AAE Kol

L

Al
o

driamycin} selenium&

=

= A
1l

S thFig 5). £ 2YTH LB L
I E3AE Axdy Wide

&5 &350 AN
% =do] AFH

A=
Z A

ARon olF BALAAE g FE} HAR
Aol b AR t(Fig 7). B3 LU T s 434

¥E XA FEUAAE A2 aE A Fg 9). Al
AFFAME ZAH 07 AulstA AATA NN X7}
BRI Axd gl x2S 20 AFE Zo] #
ZEoy AFE FALAN F3E Ho|X ¥
(Figs 6, 8). 2]} A2 ALl M E A1dg 3ol v
7ol WA S YERY U (Fig 10).

AR E0EH 424 AEANY FH dFF8A7%
A 47Fd AEH HYrE T4 A2 selen-
ume FEESH AR FAAE HTE A ¥ e
g #Ed 4 dsith

Adriamycing £33 T 3FQAGMANE 45Y)d)

AAET R AEETY A7A ZAERE AAEn
7Hog A2 A} adriamycing GEFA 3 A1AY 7
oA ARTH ZAERS Y3 e AATA Fopiy
¥ (podocyte)d] 22 E7]¢] W& 7 (pedicels)7t thad &7
HAY A2 89 Ao o o5 AL
= # YA GthFig 11). £ EoPEAIEY AE
off = ofzre] F¥7} BAH}. Adramycind} selen-
umg HE5F93 A2AYFAME AR AL7H Eoj
AEe) HE77 bda §3E AoE FFHALY A
EAYANA FEE B + UATHFig 12).

AEANY FE HPFEANA 475, B HA

TE Foig ANETH selenivmE GEFATE A
22T AFY FHFAED FHARY 222 A4
o]t} 12j1} addamycing T F 3FYo A14Y
TAME 2UFARS FHAEY AZZ A g4z
719 %71 dg 2EEHY O, AR YAME 45
o2& F ¥y} HHTHFig 13). A2A YT 2YTA
AT HEAME AR} ¢ EHo
A 9le o] FX7 HA o AgA Y HEE gl
o2 B rHFig 14).

AGAANY FH HEFEA 7R 4553 A A A
AFE FAF AT seleniume E5FAT A
2027 AR AFAD FYARAME HTE
W7t Holx ¥gtoy MAHTY AAFARD A
SAEE A TEWAHos HEAY B FHo ¥

g9 Aoz H&EQhFig 15). 1 A2a g7 9
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AZA=T ZoALY o 2o FAF W3}
e Ao 2 ¥ SoHFig 16).
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Adriamycin 713 4] AEHE FYXFAY s
22X 53] gANE, 92F, ¢ Aok FEAE
aRAYe] JAFHAG". a8y adiamycing AZE
A, AR5, AREA o ¥A4E 18 £ Qe
2 A4E Za gt

Adriamycine A¥H o2 AFFEY AFHHL &
SAZ & Qle Ao2 ¢ A el adiamycing A=
of Fof gt Az} MALFA Y vo), FILHA, AEA ] A
g, AFEA Fou ASAE JASD Axd AYAT
1A T I F, A2 ARy daMxy A&
Zol veiygtn sk &8 g¥nsl 2983 oo
A d9ZABNY A3 EAEA, Axd Fg4
T 714ty o Q) kA Ao EXHTD
8}‘ ﬁ E}’7-9,20,2!,24,34.

3 P9 adriamycing 18] Fodta], Fq4F 4U Y]
) 590 g} fjAEE AZELE FLAD B
A71EE BAg 23 gy W& addamycin F9F
47 YA 559 Haeo 22dE ¢ F AT 3
A EE A2 L FetEn g 2 ARG
2 fag A3} adriamycin F o F 282 ZHl = FHEY|
Aoz ¥UE WE Bolx ¥okoy 1399 & A
FARA ofzte] FE7 FAE AE BEE 5 UA%x
I8 Ay WidMg A5y Edo) BFHI T 3
Aok, AR 0 AAZH 025 adriamycin 5o E 28A| 7
of ZoiRNIe HEIE) 2K OoT FHEAOH,
13Ye = Fo{RAREY RBEV|E] A §FE AL
B 53, BARARY AEAYelE AT ¥
JHAER FEHALH 289 Fov ol|d 2AE
d¢ Asd #REYtE Bast 9 kA
Yo adramycing Fodte AFFFE ob7jAL o
< BEF Ay diinE I AFARNFHE BA
7h fion, Alude 8UF Ao AFEN A
2 g4 Aos wnHdY.

B Ay E adriamycing F= HF kgF 2mgH
53 BAUZE 5% A APFELRA RES AF
o ZAE BHAN SR BERZN AT GRYH

o>,

1S B4t 53] adramycin F o F Velue SR EY
FEAE Fozd g GFolM FFHA £
22 AFHULH, adriamycin FHE Y FHE
oA FEBEgtn RagPdotrHYT g 279 )
o adriamycing 27 F3G & dol = AFHie @
2@ Yed Aoz ¥adglty. Addamycing ¥
3 72 BdAE dAHEE BE AFEEde] ¢
A AFAREFAE, A48T AHAE, ) o
HE 48 R Aol Jdov 4, A3
of, #2F F T3] AY EE S A TAETEL
o

2 @FolA £ addamycin £ F B59 F59 AF
2 g dgaeld Ad A 24E #ET
AReHw WHzARHozE AFFAYAA Y] FEH
A AL AT 7 AT wF, A AH HA LY ¥
0 % Aede] &4 Ao WPl 24% £ A
F8 Aol #AEHJT 5 Y Axduid 23
%% Bdo] AFH £7-& Bertani et al’ 3 Hall et al**o] &
243 Axet 2o, Fajardo et al'’3} Okasora ef al><)
BaAE S48 A Axdunzgd duy ad37)
HAHAT D FAS T AFANA FEIL FAH
I, AR A A ZiA 2] W E gk AbEA w4 L ¥
W 2 ZAAZE Fajardo et al'’ 7} Hall ef 9] #3424
A3t LA Yo

AR AA LA02 ¢ AEAY BojdAY BE
717} £8 B A WEHALD ]S gFE &4
HAY Mz EHUeH, of M¥S AEFYiAEe
ote] FXE BAY 7 AU )AL £HL Fa
jardo et al'’3} Bertani et al® 0 Okasora et al¢] 38
273 YA E A §4 adiamycing FEFE AL
o ZYFAd TR AP R A
H o7re] FES A ATANA B2 ¥ gHE
Zol AU o] g AFY v HFEE FFH
o AAg B4tk olf AFMAEY HAHAFE} a
driamycin Fof Foll & FAAI AAL HY AL 7]
Fo| Hol AWM E FHATIE 54 280 &3
SAF AT AHANES v AFEE G AR
EoEge 2e ¢ 7 AUT 493453 AAE
AYdAE Fe F27 FFHATd 29FAudo
U 9935 d A9AEA YA FEHAEL #Y
HFAWA LY 5 Z(cisternae)7t G 40 Aoz 4

op rlo

- 46 -



Z+drh

§H ol adramycin®] NFEHE $3pA I AY
AA A7) A F At o] FAHE v}, wpg 2
adriamycin £ 34 A2 E dextran sulfateE F o3 43}
AEEo] F713 AT AFEA S 75o) AT B
gt =8 W =o adramycing Fo5te gl
Fr A 7] o} superoxide dismutase & Foj 3t 21}
wrb @ASA Ao YT, Adramycin
FATAME Rl EY FAY FEEY 8
tol7] 4] &4 4 g REe] A=A 43 B
Fol 715 e AL #FAY & 1oy, superoxide
dismutase & F A A= dOE Heaty o) 44 AL
#3% + oddda s

Adriamycin @=5a o EHHAGUFLAACZE
TARAE SE7)9 A 245 o]E AFAYY 2
TESY 4 AFTE d¥AYgAEe] YERoY s
peroxide dismutase ¥ &Fol T X Fol AT HE7
o] T4 AT AFFORH FAA A (oxygen free
radical)7} adriamycino] ¢ G L ftg A S HE
£ doe AU FAE AN o A

Adriamycing HBWZE Tt AT7A B85 & &
WA7] PSo] aluminium hydroxide® T E %, 255 &
ZF A8 goe TR A2 AERAY 3 AFEA
733 %< aluminium hydroxideE 1 §F0 % T3
FolA 71 E AAEGE 2 Y, Axde Wil
FEE 4% 5% 2544 o & Az g By
o2 ¥ nstg oy’ & d-a-tocopherol S adriamycin § ¢
8% A% 4% o 27 472 TGRS W BotE
u| 4 A & 2 adriamycin BEFAF = AL A ZAY
B3 ATAEA Y 2e] §20] BRHHO A 4
SAEY A3 F4d WA 2977 B B
QA2 A&EE ATl BEHULY da-to-
copherol & F- o Lo A= o] & Wlo] FrjH oz
v opgtg oty HuEtgot’. @3 adhamycing Fo 3
o AEUAEE FAFOEAN ALFA AR
anionic site®] FF FAE<l glycosaminoglycan A4t
APAY A7t don, dlud AAFHNEE A
i A7l Qe AR HuHYgYs

Selenium& 1817 2999 3823 Berzeliusol
oA LZE ol B A4PHA BFHoR ALET
Re wol, dtgoRE %ol AU

Jh 2wl

SR e nU )

>~

Selenium& glutathion peroxidased] 7] 2 A E o2 o)
M A xehe 2 A sAta(lipid peroxidation)E Zob] A
5 B3sE Aoz <A gut dFo] Agyg
29 7FEAA selenium AP O.2 e 2o FHIPA
g, Aalsge Hal, g4, AaAsEg Y 2
G dgt 2AHTY U0 Frtshgntn at=
Ardat 239 v U £H selenumo] F5¢
&, BY, B FY M ol E, TETY, A4l

g EF 2 HAlnn] o) FH FEZNOR ¢
o, o] 7}& utelye} P ol %
TEANME H& seleniumo] FHE AR E

T ool FAVF ugsA debdtn Rasgd
TE 283 &, WY A, R E F2 bR g
M selenium®] Abg H7MEE A9 AREF EAF
Bhsd Gl AXNEHAE $ AP EE AT selen-
um® EA4fE7HEAol AE £ U AR e o}
7HA] A A H A ek gke}. @A) selenium 58 FubAF) e
U ##8d 2714 SRIEE¢ F9(839) £%, WE,
seleinum 3}¢HE 0] 54, 5 MAHA N4, selen-
ium A A3 AR 29 wWlE A Go] AAHA T, o
2 7kA F79 7t g3t seleniume] H4ghe] E4
o] Jbed &3 A3 ZAt ok A=
o d Aoz dHT”.

g ol g selenium®] 7}EoA o] AP Foly B9
AMAZ QS FE59 Fdo &3 WERTE 43
A 24 selenium$ o] §at] Aol NEY JPIHE
Folazt ofejrky A7t £YHAE o dgHes
selenjum ¥ ol 7 vitamin E, coenzyme Q,, %9 Ak
SAE Y=o B3 Ay AP T 2 At
AR LA/ ATt e AFFN RaHUAG” ®
3t B o vitamin E2} selenium-$& Fof &to] Al sl eks
of A FurEE NG E dA A 91
BE Bud 8 du” 53 FYAT 2 AgHE
cisplatin®] A2} =4S A5 7] YaiA seleniumE £
g A3} cisplatin®} A FE4& A= 237 Qe A
o2 4z o9& seleniume] 3 o] TA 9
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Legends for figures

Light microscopic findings

Fig 1. Renal cortex from a rat 1 week after receiving adriamycin. Some small vacuoles in the glomerulus are seen and the glomerulus
appears to be slightly disorganized. H&E. x 200.

Fig 2. Renal cortex from a rat given selenium for 2 weeks and 1 week after receiving adriamycin. The glomerulus and tubules are al-
most normal in appearance. H&E. X 200.

Fig 3. Renal cortex from a rat 2 weeks after receiving adriamycin showing some vacuoles in the glomerulus(arrow) and several tu-
bules are vacuolized. H&E. X 200.

Fig 4. Renal cortex from a rat dosed with selenium for 3 weeks and 2 weeks after receiving adriamycin showing almost normal glom-
erular and tubular appearances. H&E. x 200.

Fig 5. Glomerulus of kidney from a rat 3 weeks after receiving adriamycin showing distinctly thickened basement membrane of the
parietal capsular epithelium(arrow) and some proliferation of the parietal cells. The glomerular capiliary is distorted. PAS. x
400.

Fig 6. Glomerulus of kidney from a rat dosed with selenium for 4 weeks and 3 weeks after receiving adriamycin showing almost nor-
mal in appearance. PAS. X 400.

Fig 7. Renal tubules of a rat 3 weeks after receiving adriamycin showing several distended tubules, and most tubules are filled with
hyaline cast. Numerous vacuoles are seen in hyaline cast. PAS. X 200.

Fig 8. Renal tubules of a rat given selenium for 4 weeks and 3 weeks after receiving adriamycin showing less severe pathologic tu-
bular lesions than that of Fig. 7. PAS. X 200.

Fig 9. Renal cortex from a rat 3 weeks affer receiving adriamycin showing numerous large clear vacuoles in the proximal tubules
(arrow) and the glomerulus appears to be disorganized. H&E. x 400,

Fig 10. Renal cortex from a rat given selenium for 4 weeks and 3 weeks after receiving adriamycin shows almost normal in ap-
pearance. H&E. X 400.

Electron microscopic findings

Fig 11. Podocyte of renal glomerulus in the renal cortex of a rat 3 weeks after receiving adriamycin shows small cytoplasmic vacuoles,
partial loss and fusion of the pedicels(arrow). X 10,000,

Fig 12. Pedicels of podocyte from a rat dosed with selenium for 4 weeks and 3 weeks after receiving adriamycin shows partial fusion
of the pedicels. X 10,000.

Fig 13. Renal proximal tubular cell from a rat 3 weeks after receiving adriamycin showing numerous cytoplasmic vacuoles(arrow) and
some small vacuoles in the mitochondria. X 5,000.

Fig 14. Renal proximal tubular cell from a rat dosed with selenium for 4 weeks and 3 weeks after receiving adriamycin showing small
numbers of cytoplasmic vacuoles filled with electron lucent materials. X 2,500.

Fig 15. Renal distal tubular cell from a rat 3 weeks after receiving adriamycin showing severe vacuolization (arrow) and di-
sorganization of the structure of the cell. X 3,500.

Fig 16. Renal distal tubular cell from a rat given selenium for 4 weeks and 3 weeks after receiving adriamycin showing relatively nor-
mal structure. X 4,000.
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