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Effects of X-irradiation on the Ultrastracuture of Tissue Culture Cells.
—Especially, on the Changes of Radiosensitivity and their Relationship
during the Growth Cell Cycle.—

Ist Report

Shinroku Morlta
Department of Radiology, Chiba University School of Medicine, Chiba, Japan.
(Director: Prof. Hirotake KAKEHI)

When we treat the malignant tumours with X-ray or y-ray irradiation, we should always consider
the radiosensitivity of the tumours. It is necessary for us to make the tumour cells more sensitive.

There are many basic investigations on the radiosensitivity of the tumour cells. As one of them,
changes in X-ray survival response during the growth cell cycle were demonstrated using tissue culture
cells by TERASIMA & TOLMACH (1963b).

On the other hand, there are many reports, which are concerned with the effects of X-irradiation on
the Ultrastructure of the tissue cells.

I studied the effects of X-irradiation of 200 R to 2500 R on the mouse L-5 cells.

The purpose of this study is to see the relationship between the change of radiosensitivity and the
ultrastructure of L-5 cells during their cell cycle, by means of the light and electron microscopes.

Next findings were observed.

1) The observations with the light microscopic picutres revealed the appearance of small particles
in the nucleus, clearly stained nuceoli and vacuoli in the cytoplasm.

2) 'These changes are related to the cell cycle. The higher the raidiosensitivity, the more frequent
and earlier the changes.

3) As one of the changes, the electron dense nucleolus was revealed by means of electron microscopic
observations.

4) There are two kinds of mitochondrial findings, the first is the dense swelling which are developed
after the cell division with low dose irradiation, the second is the clear swelling which are brought by
high dose irradiation without cell division.

5) The swelling of the endoplasmic reticulum is seen after the X-irradiation and it causes the va-

cuolization of the cytoplasm in some cases.
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Terasima & Tolmach!®20 = 1 }1¥, HeLa S
3 fpaoiaE o 5 baZiil e Gy BioMa
R, Gy W oM -~ TE\ B RRE
FF. oo B~ w A LRGSR T BRE
X Rtz (Terasima et al??),

3 LAk oMl RA2 RFE T 5 2 & A
HB 57 H1E, BOBSHRRIRRR—B &
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bhhiEzbBIS.

—77, MO BHIREET 5 BB O
AR L TWAHBIESEYRD Y, ThbR iR
X, EpEskT, —BXRESOFEN LIS
WLk, Y vosERE, SRfafifatY SofiiaTts
b, XERHhT b MileE, &E, Bzt
PR, XNEBEOXZ ZHh, Lo EBRM
E, RIS T b RS © b AR ZELE IR L
Tuwb.

MBI LT b A0 e d T
[P Z) 509)11)12) .

Goldfeder® (3= AD Y %k, _FRHEIES
R - SR ARG & o HEac R\ T, a0
By, MREOM A ORE (BT & b
2 v FY7) ofLERKCBERDL D, i
D HRafE D REF M DT R S HIFE A DFERL D
SN LT ERS LT 5.

o TEEISERCRI\T, MO
ZHRPRET HRFLERT 2 ERAITE & L
T, fAfEsEmiE AT, MR F ok
SHEURSEMEDE L, AIRMAIREE ~ O BSTRIRS
X HpEE OB BRLIC.

I FrE#-RUHRS*

1) MgRERNME : MREELTR S i,
WRERE ) DIER 7 A R oMkl (= ¥ A Lilflg
(Earle)® @ subclone IL-5#fa (B 929—1L 2
J) REA L. = ofiaiHRBEFRaoE
FiC19644E 7 A clone e DTHES.

2) %W : Ham? OfF-O K F - 1013 L
HaoEFRTiT A vy = 7 A BRI T, A
vy APEER80 mg/l B i, CaClye
2H,0O %40 mg/l iz, I 0.5% Ll
W s, 5% (Lot 60, FIEMIF) &N
ZlebOEFFERLE.

3) BRI L L5 e kg
Woxini THETS &, MRS v ORI H
Rk LI 5 . Bk e vk 180 ml O Y
v A, 5 YRR H A-—Z2% 0 Chamber rhiz
B & e # ABEIE % 4707z, Chamber| 3 it REE
FE AT R SRR AR 037 CERE O i
HEE LT,
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4) [RPEEEEITE: © FEksaE (cell synchrony)
L RO ZPAERHAL B« CHFAL TWB 5 v A
HEHoMia%, MErOFELYHVHZ Lt ko
TRA-FchZrie s, HxoffaEy (4
LA E TORETFREEED N A 4R
S (synthetic phase),43ZUHf 4 M (mitotic phase),
DD NAGHM ¥ co 1% G, (gap1),
DNAGRENZET O R % G, (gap2) &
DB ERMKS. ) vAFIE B HE T H
%. $ERB wH\ Tk Terasima &2 k bR
SR HERRVE, BIb 4 A08E#R Cvic 0.5
~ 1.0xX10*EDHIME%E Ah, #4oRRIRERL,
ST COERE TR € v & i X IACIE D B)
T ERID, #2~3 x10Yml, £ 0.5
~ 0.7x10° O SR L DT, hizs
ZHoMaoWEL AL oo T, 2ol % H X 7
{I8%%, BRE VE~DEEMIMET 52 &
ZHRLIC b 0T, SO IEE o
early GJf] (SZEH) Ofifarnies 5. ERic
&R Liciifaofifa Al c oz s heh, o
Kl (Mitosis Jif), 2 Bi)#% (Early G, 1), 6
RefigE (late Golfl), 15BsRIE8 (SI), 21B5RIS
(S—Golf) ¢z DRI X2 RS L, iS5
CEDHUTELRE L.

5) XHEREESTHE : XERIREISEE 12 Toshiba-
KXC 198828 L. BS&4Hc—Ec
HY, BEE 220kVp, HFEH20mA, 7 3 L x —
0.5Al4 0.5Cu(HV L 1.2mmCu), §# 5581~
84R/min., B4 L IR cofERE (F.S.D)
50cm, Ze&irr, SR E Uiz, BBEFTB % Ah
AT plastic petri dish RV, B X
5 XD EEHEILKS X 5L, X 0.3
DEEFEHIC R > TR B O Ml A s P o gt
L=,

6) MASHEE : FBSHEEIT 200R, 500R, 1000
R, 2500R @ 4 fEJH% F\~#z. 200R {Esublethal
damage O%pH, 500R, 1000R |3 mitotic death
DOFFHk, 2500R |z interphase death OHETH
5.
7) BAORBEENE, Rk, RO aml
B e (DT ERRT) I,

AAREFME RS ME H8% B35

Hoh CHMfax » - 7 5 ADEECHES 2
THBLTEE, XREHE, SR DL
T, 100% # % 7 =TI HEEL, 2%+
A FREWETH | REERE Ui, BFEME (0L
TEBEEET) MEZhcix, plastic petri dish 1z
13 Lctifg, Eoh\ =2 ) —J Tk
2, 1000EHELN T DE# T3t % . Epstein®
DFEERBEL LB LN 2 %+ A 3 & A
f: (0SO,) [ Caulfield Buffer® 13 1 OFETEW
ZHEA, HI5H5RH 0~ 4°CokEFCEEL, *
DF FI000EEETIRILL, vy FE L ekl
FHRE Y BT B, 202 — L35 (50
%, 0%, 0%, 9%&154MH, 100%, 3045
2ED THAKL, FrEVvvAFiog Fhr304-
M 2ELE L, =H vt AF e — il
fo. WHE L oA 20mpu~80mu D X2 ) b |
SRERCEEY B\ TEE L.
OI EgER

A FERERYSEER

1) ks (Fig. 1) : L-5 gt mamssae

Fig. 1; A Fraction of the Generation Time of

L-5 Synchronous Culture Cells.

o
o

00
~M+G; S Got M—

™y

Reiative Number of Cells
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(o]

% of Labeled Cells _,
3
'
s
n

o

18 20 30
Hours

o
o
o

A— A ; Growth curve of cells.
@®—® ; Percentage of labelled cells, which
determined by means of *H thymid-
ine autoradiography.
M: Mitotic period, G,: Pre-synthetic period,
S: DNA-synthetic period, G,: Post-syntheti-
¢ period.
0MFE BB X Y SRR L, £ ORIz
RHEIETHS. FVF=vays sy (CH
TdR) 2\t —F 594 75 7 CDNARK
B CSHD 2WES 5 &, AFERMGEC~7
FFEE X DIRE D, LIRFRIESES & &9 ma .
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Fig. 2; Survival Curve of L-5 Random Popul-
ation.

2r Dose, Rx100 7
RN B R - N

c
Q
- (]
=gl En:19 i
e F Do:190R
=
2 I
a |
Q01 E
B \

1 L L 1

En: Extrapolation number,
D,: Mean lethal dose.

Bl s o £ M +G il 6 ~ 7 Ffe], S
11, Go+Mipii 6 e & 72 .

2) S v# L0 XEERg (Fig.2)
5 v & AEECO XERAERIFIIPUcki®D = = =
=R L b, 2w = —dOfilaznsofELl
BT 4FLicar=—LTHLB L,
Fig. 2 ofn e > h T, £HFR G
3 FESMCETTS. o B O B &
Dy (RN THAET T 51c B 5 #ET,
SERYFIER (mean lethal dose) LIEs) TFb
LSERTILZOMEN 190RTHS. EiFHLIE
ELCHihx * 5MH, TicbbiMHFE (Extrapo-
lation number Enn) (% 1.9&705%.

3) MAEERAO xXipdEiE (Fig.3) : FH
B iAo AR fo \  THOHREZ
HiFE7e b Terasima et al?® jz X g, Mlj& late
G, oMo BRSNS, early Gy o %
MTEERT, #9258\, Fig. 3™ 8o &%
iR AR, BeMil (obr. BRI ob —
7 OEMNEATEEE OBV xR L (o=
3.6, Do= 117R), early G, Jif (2br. RhE
H) D — T OEFNDP DR TRRZHEOE T
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Fig. 3; Survival Curves of L-5 Synchronous
Population.

L& synchronous

PE: 71.3% R
DOSE, Rx100 ;

‘48 8 10 l?

S
'\)d\\\ Aver, Cell Mult=
- kY \\ "

- NN ;\\ 191cells/clone

SURVIVING  FRACTION
e
rd
S
1yl

3 .\é\\\m % 185“

//;
e
o
3

036 17 |
001 !
(Terasima et al.)
@—@ : Mitotic period,
O—0O : Early G, period,
[]—[] : Late G, period,
A—/\ 1S period.

P.E.: Plating efficiency, Aver. Cell Mult.r
Average-cell multiply, n: Extrapolation nu-
mber, DyR: Mean lethal dose (Roentgen),
hr: Hours.

Fig. 4; Change in Sensitivity during the Gro-
wth Cyele of L-5 Cells.

o Aver. Cell Mult =190ce!ls /clone
t% L
I 7
s t T
= o |
] °
2 [ <, ]
o [ o i/!( v o
uc3.05 3 1]
= z >/
g ]
- N
M & [ S G |
0}— ll L 1 L ] L n
0 4 8 12 16 0 4%

HOURS AFTER HARVESTING

(Terasima et al.).
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&% T (0= 3.0, Dy= 240R). M=
WSHD, AMEAEL late Gy o4 784 7
7.

4) FBEERERO X0 s (Fig.
4) :Fig. 4*13 700R RS O MR IR & D
REEOB MG TRLELDTHS . ML
late Gy ] (¥ 8 W H) »URZHAE S, early
G ] (2~ 3I5HIE) DRESFHIE.

5) FIFRESEMIN D MBS (Fig. 5) :
FEREED early G, oMl X B %47 5
&, 1000RBHTHLTICHYAURT D b R 5
A%, 2500R BEITINIZ E A EDZIRE X Ie Lo,

Fig. 5; Increase Rates of L-§ Synchronous Cul-
ture Celles aftr-X-ray Irradiation.

Dose: e—= OR
earlyG, ©—o 1C00R

a—a 95008
40}

e
2l o _

% . 48 72
Hours

B JeEFBAMBRYEIZE

1) FEFRSHHING : RIS Dearly G,
oM, BESHIREC Tk £,
FLWRRETH D . BRI ORET & 3 741
TEOHEN MR L TL 5. BEGRFEC
h, rep=5v (chromatin) » }zg{ﬁﬁ%ﬁg%&:ﬁo
Tw5b, P01 ~2 2 D/ ME (nucleolus)
/5. MiE (cytoplasm) 1348 B k-c2ey
TR s\, Fig. 6 (3 RIEMES IR 40042,
Fig. 7T1XR U< 100045477+, NI < 3
RIFHIER LT 5 LHZRE (DER, MO
W3 2R OHE (96RO & D13 1 %L
) TRET IS kS,

2) XEBEHIN : XERS A2 sl —
BT, MRaEIC I A4 U, RSEom
K, REHEOBREM ORI & § oo Ta b

AFEESFHHRFEMEE H8%E Hse

FELLRB. ez,

(1) BERUMBEDOK * S DR : MER
URIIRE DR & SOMIMARE NS . B iilag
DR OBURLER . RO, B &Ei
ERnE LS.

(i) HHEF : BEIC X 0 HZRGKE 3 4
5. FEBROMEOME, BEABHELS 5.
200R JREHHIRE T & BB AET B . SR 0B
&IV HENFE L /5. Fig. 8111000R g
SHERT2RERIEE L e Dic: U e 38R 0Nz
Th5.

i) Py NERI OB © 5 7chs b B 2 i
LIehO &5 Teifedfigeds & AT 4v o /NI AL
NB. 200RBHBITHAET B, HHE 14 7
V. Fig. 9 1X1000R RS ER48RFHIEB Lz B¢ 5
H5%, PMERPEEXB LT, b ShEL
TS RE2BE W, MbEATIE, B
MEROERD T, MBEPICORSBIEDT 3
Bld o7,

(V) #AME © 2516 ¢ BiME © B eiy—(k
W, MR R EROER 2435, 200R
D/NERET AT B pEEIR A 7o~ . Fig.10131000
R [BHR SR HIREBHIC, BAMEDE(LE & 41
B NER DB 2505 .

(V) BMEOK DRI : 1000R X 132500R &
L, TIRMIREE Lic b o iZz s hi-. Fig.1l
VX1000R BHFR77TREEA L o b T, S50k
IMEEGE L NS BRB RS

(vi) BARME 3 AZ22 M0 « Fig. 12132500R
RAETTIRFRIRLR Lt d o ©, WBUAREERY <
b5 . EtRiE, REEMESBHITR &4 U,

viD) M Oz MR 0% iy, *
TR CH % . Fig.1313 200R fBst,
2R HREBO O 5 2 2T H % . & p2Ze
A ZB O 48RER H ik iye Ui, JEBSHI
T T2RFHILA LB U 7o b D5 2%, RS
BTSN E L ie 5.

(viii) M DR : Fig. 1413 2500R JE4477
RERIEER A 2 & h M ORRE T, & OFh
ROESRRINE D LB Db D LE 2
bhs.
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Table 1; Appearance of Small Particles in the
Nuclei after the Irradiation of 1000R.

This is the comparison at the 3 points of
the cell cycle and this shows that in the mitotic
and the late G, periods the sensitivity is hig-
her, the appearance of small particles are more
quick and more frequent.

\\hours o % 8

. . 21

cell cchlA
mitosis | O o] o s
early G, . . A ®
late G, e} o ®

®:~30% 0:30~5% A:5~0% -0%

Table2; Appearance of the Clearly Stained Nu-
cleoli after the Irradiation of 1000 R.

\hours

~ 0.5 5 24 48

cell cycle ™~
mitosis (®) @® o) (o)
early G, ® @] (@]
late G, o) o ® o

®:~30% 0:30~5% A:5~0% - 0%

3) MfRAH L OB : KETHE S hIHEE
{b.& iR RS RS O RS 02 L & OB EN %
HOEBIT2\NTHE L Tai.

(i) BPvNERIOHE : Tablel &< %
[E & 3 1000 R BEHER O Hoigsciy, ML late Gy
Hic/NERL O BN R <, T ORFH]T D JHE
LFE L. S00REHHF, 200R FRSHEITH RIER
DOEMTH 5 .

(i) BMEDZEL « BMEOBYEIN—LiT
DT AR w2 5. Table 2 (11000R
B OHETHS. S500R[BEF, 200R BH
BT FEROBEEC 5 5 .

(iii) B ZREEL « RICHilaHE © 2R
A CHELTARB L, Table3 D& ¢, 1000
RIBSBITIZ, Bbnit 2% Al €lvoic K
L, S00RBHFITIEMEIDFAH early G; Hic
HRTE, @uHEcZ{b% Bl Lic(Table
4).

C EFEMENBE

1) FEMEHHR : BE 2 EC X hIfRE &
BREhs. SEE2EEL ViR SR LE
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Table 3; Appearance of Vacuoles in the Cytop-
lasm after the Irradiation of 1000R.
Comparison at the 3 points of the cell
cycle. There are no difference among them,
as to the appearance time and frequency.

e hours

4y 0.5 5 15 24 48
cell cycle ™

mitosis . . ® o] .
carly G, @ | ® | o
late G, . . A 8] A

®:~30% 0:30~5% A:5~0% -0%

Table 4; Appearance of Vacuoles in the Cytopl-
asm after the Irradiation of 500R.
Comparing the mitotic period with the early
G, period, vacuoles appeared earlier and more
frequently in the former.

= hours
e 0.5 & 15 24 48

cell cycle

mitosis

B
=g

o)

early G,

®:~30% O:30~5% A:5~0% +09%
2% . B 130~ 180A o/ NERRICHi E ., 2
v < F v OREEREL T, BN EL L
TR I n h, 72 e <F v BB Bk
BhEES .

BAMEREECH D, B 1 ~3ET, Bk
ELNHCEBONEFGTS.
MEEIFEECX VxR P2 F
) 7 (mitochondria), /afs (endoplasmic-reti-
culum), R N PRI FE4T 5.

I r= v Y T2 EECHEE L CAE RS L
AT EEL, W3 ~4KDcristae p35p 5 .
DTGB TTERETH D, HDHWITE
WiET D 2 LOFREE X D b, o/ NERL
(RN PHRD 2A35Hm ks, NERO
o WEE/ D RETSO TS 2 A HES .

MIfRE xE ofiie, ANZEi, TETE, 79 =
— i VR R RS T kA (Fig.15).

2) XfESHR

(1) BE 0L « BEMiao L IERES g
Tb—EOMEER LV O TRINC X 5% bk
BACCRENRDS .

NGBS Licfilao 5 5 200R BSGI TRz &
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A EBEERE IR,

500 R RSB C 12 44RFRIFEE U 7= b DMk
pielectron denselc s 2 & & w2 1= (Fig.16).

DI L & ToOMaCET S b T
B, BMEOBHMEIC X D AECdb L E L -
L,

1000 R K 0°2500R RS -C I B fSREBEN ele-
ctron dense D/ ME%R & & Tc. 500R B HIIC
ORTHBIRMARL Y, 200EL L0
DT 5,

7 m=F VORI DWTIE 5,000~20,0004%
DREE DB O ERETIX, 2500R BT HZML
ERTERDI L5 ELRS,

B DKW TIRIEES T Bd S h
LB DOTHRAELE L0\,

B OB (Fig.17) 131000R JBEHE, 7R
L -l s i,

(i) MiREOZEL : MREOHEED 5 X
MBHC X 5BERLLT VDR b2 v FY
TTH5H. 22000 LA RS,

a) 1 bav Y7o b1 (Fig.18) : 3
2V F )7 OEfEH electron dense (|l kL1
BT, EWO cristae 3L LAY, Wi~
FY oy 7 A (matix) dRAMEL TS, FER
REEMAMEZRT. 500RBECIE, 24RRI%:E
Blic, 1000R K 0°2500R fASHC LT 4085 B EI
COMHBBE S hic. 2500R [BEF21 BB HI
HADNIRDUL, = O LHBEHE—ENBIL 7t
WEHBIL T AL Ex5h 5. Fig.18ix
1000R fREHERT2REEIREA L 7o Blic i bhic b ¢
H5.

b) s r=vry7ogte (Fig.19) : 3 b
2V F Y 72EORALT, B~V o 2 231K
KT %. 2 EIFERE S BEE O AFARHAN K 5
{BF535 5. P cristae DPHL ZHhB . 3
P2 P TSR ABA LS ek i
THEELOND. 500R R T4l B 6
TIXTHTHE LA, 1000R K V2500R fE4H45)C
L3R HEN S L SoBbhs . BEERAZIL
ROHIIED s b2y F Y 7RI L 5 RE YR
ThOLEZ RS, Fig.191% 2500R RS 3 i

HAEZRHAS&ME H2s%k Hsu

HHObDTHS,

<) /MatkoZt (Fig.18) : Ntk il 2
EEHEOMBRASIEN Y, BT 5. 221 44
ORI X W b Licd 0 E#E2 5. 500R
R5461, 1000R FEEHICI348RERIEL & b, 2500R
BHBITIL 3 BEHIE L b 2 D@L R 5 .

d) ZER « FERRSHHIRDIC o~ T 22Tk
x5 TH.

(i) MfapEDZEL : fifalE (plasma memb-
rane) OPNRIRE B Fl-c R U
DEH B,

3) MR E DBSE : RO A ITOM
B2, 1000R BHBICOTHEE Le s, & 100
CRBAIER Y R e iedvots. S8R £ 1
YIFDEDHRKENTH Y, KECH L CEH
DESEMBIE S B bio 0T, 3o L
E TR, SBECRHAYETS L Bbh
21

v %  #

D EJA DA% Head % TerasimaZe™ o F7pk3,
MRBDOEFEDET 2 FIR L CH5 b DT, il
DEESE B B ik (BudR, ColcemidZ) | gk
FMEIX TR S itk (@EAERTE) it
NTHIRO BARDORELY RS 5 5 5T 8 41T W
% . REMEBAOBECIRRFEN: 2 L0 0
TLBRED DD . SEB T DELERICA
NTHEA{Tot.

Early G, Miofifac XHBHEFFR, %0
ROMPEE T2 F CHER LI, F o g8 1z
Whitmore* & {707 L-60RIfaDIEEIE3E < D
EB LU L oT VWS,

200RBIHBITEL DR A Ui, hb
BREEOREC LB O LHE L o\ 19,

XARMBATIRE O MO G700 3 BB <
ik, BEOE(ENET, MIE OB LIXZe I,
o EFio\. MEIGRIED BIEA L 72 & 2B
RTeBbn s 28 tix, ks (Pycnosis), %
A (Karyorrhexis), & BiRifig (Karryolysis) ¢
BBENIO, D ZEL XD FEF 72
5. XERBHE TR0 I TE~ADREY L5 D
DL, ThoERAKDE(RE EBLDEEL LR
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AAE SR el W28% His R

Three nucleoli are stained with dark violet. Nucleus is homogenous

Seventy-two hours after the X-irradiation of 1000R. Nuclear lobulation

1174
Mlustration of Micrograph
Fig. 6: Non-irradiated Control (4003 ). Twenty Hours after the Synchronous Culture of L-5 Cells.
Fig. 7: Non-irradiated Certrol (1000 ).
and cytoplasm is netted without vacuolus.
Fig. 8: Abnormal Mitosis (1000 x).
and micro nuclei can be seen.
Fig. 9: Appearance of Small Particles in the Nucleus. They overflow into the cytoplasm through the nuclear
membrane. Twenty-one hours after the irradiation of 1000R (1000 x ).
Tig. 10: Forty-eight Hours after the Irradiation of 1C00R (1000 ) Clearly stained nucleoli can be seen (arrow)
and also the small particles in the nucleus can be seen.
Fig. 11: Seventy-Seven Hours after the Irradiation of 1000R (1000 % ). Many nucleoli can be seen (arrows).
Fig. 12: Seventy-Seven Hours after the Irradiation of 2500R (10003 ). The vacuolus in the nucleus can be seen.
Fig. 13: Twenty-one hours after the Irradiation of 200R (1600x). Appearance of small vacuoli in the cytoplasm
(arrows). They vanoshed 48 hours after the irradiation, when the cells were divided.
Fig. 14: Seventy-Seven Hours after the Irradiation of 2500R (1000 x ).

(arrow).
Fig. 15: Non-Irradiated Control (15000 ).
Mitochondria, V: Vacuolus, P.m.:

Fig. 16: Forty-four Hours after the Irradiation of 500R (14000 x).
Nuclear membrare.
Seventy-seven Hours after the Irradiation of 1000R. Rupture of nuclear membrane (arrows) can be seen
Nuclear membrane, N: Nucleus.

Seventy-two Hours after the Irracdiation of 1000R (20000 x ).
of endoplasmicreticalum can be seen. m:

Nucleolus, ch: Chromatin, N.m.:
Fig. 17:
(21000 ). n: Nucleolus, N.m.:

Fig. 18:

N: Nucleus, n:
Plasma membrane, E.R.:

Mitochondria (electron dense), E.R.:

Lytic regions in the cytoplasm are seen

Nucleolus, N.m.: Nuclear membrane m:
Endoplasmic reticulum.
Electron dense nucleolus can be seen. n:
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Endoplasmic reti-
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Fig. 19:
breakage of cristae can be seen. m:
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