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Ultrastructural Observation of Pheochromocytoma
Kun Young Kwon, Chai Hong Chung

Department of Pathology, Keimyung University
School of Medicine, Teagu, Korea

Experienced were two cases of functional pheochromocytoma of adrenal glands with pertinent
clinical findings. An electron microscopic study was performed on one case (S83—3304) with
particular reference to delineation of chromaffin granule specificity and that of type of catechola-
mine content. Also measurement was made for the dimension of the catecholamine granules, using
a morphometric instrument, the graphic image analyzer, AIM 66 (Ladd, USA).

Results observed were summarized as follows:

1. Light microscopically, case 1 (S83—3304) showing clusters and cords of cells with abundant
granular eosinophilic cytoplasm. These tumor cells were separated by thin bands of connective
tissue with plentiful thin-walled blood vessels in close proximity to tumor cells. Their nuclei were
ovoid and medium-sized. Occasional hyperchromatic and degenerating forms. Case 11 (583—6514)
was much more aggressive and atypical in that this tumor showing irregular and hyperchromatic
nuclei with occasional tumor giant cells to the extent to be suggestive of anaplastic neoplasm.

2. Electron microscopically, the neoplastic chromaffin cells were polymorphic with numerous
processes interdigitating with invagination into the adjacent cells. The large nuclei with prominent
nucleoli revealed coarse heterochromatin clumps attached to the inner-aspect of nuclear membrane.
In the cytoplasm, catecholamine granules with varying size were scattered and each was
surrounded by limiting membrane. The electron dense portion of each epinephrine granule was
composed of the finest subparticles which varied in diameter, from 50 to 100A. Whereas nore-
pinephrine granules were quite different from epinephrine granules, in that there noted a clear
space or halo interposing between the limiting membrane of the granules and the electron-dense
core. Also the core of norepinephrine granules was more electron-dense and no fine granularity
as noted in the case of epinephrine granules. Also present in the cytoplasms were numerous
mitochondria, well-developed Golgi apparatus and some free ribosomes.

3. Morphometrically, the catecholamine granules had variable sizes, mostly from 100 to 600 nm
in dimension. Norepinephrine-containing granules were larger than epinephrine-containing granules.
Mean diameter of norepinephrine granules was 325 nm and that of the epinephrine granules being
281nm. The largest granule was 764 nm and the smallest granule, 3inm, all of which belonged
to the bracket of cpinephrine-containing granules.

&t 1983 = Al st Batelugl AT BavlE olFd A4



— 116 — BESER

W 28 25 1983

M B
225 314 Al =% (pheochromocytoma)& 713
A¥snns T e® Qo ZPGFE X

Kis

sted AARA B 2R dATHE e

A FgozA 2 %ookz] W A A
oA 2 sht 2

QR %% FAo2 A5 FHd

Ao} g ¥ ozt

240 s $

1;]_ 1,2)

o] Foke) QJAFAEL 2 Fokz

= 932 4 4
SEEREEE
+ catecholamine &] eFz]z}8-6) 7)) 5} % epine-
phrine 3 norepinephrine -¢ ¥ %5} catechola-
mines & A4 FAFAA ANA PAsE Thz
Al AE 48 T2 govt A4 FA5Ag AL
%% epinephrine & o] @453 Qo Fokz
Z o] A& norepinephrine ¢ X} Wo] @4tz

ggol Aol Aoleh. w0
2ol o2 FFE o catecholamine &
osmiume] 40| 2 5= A Helz A=z
Hol AR glow 2 A3 5 A3k adeno-
sine dlphosphate&]- divalent cation # catechol-
] vhokg A EES AR dARD Fogz
2] 4 & adenosine triphosphate ] gfsko] =&
Hejeh? A4 FAS$A mE FokzAo i
catecholamine -& =3stE Fg Eo] 7} =F(limi-
ting membrane)e] &5 Ee] A rl.3HH9 o]
23 FYEL FgduAH ALEAL 2 Y
o] FAE olste] Brl JAg Aol oA o
zﬂ A= u]ys;q Pe Esid o Fu S8 =4
= AHE FH A ‘?;%— w &
A% 2 a&z}z} PR IED R
BAos sl £ A %ﬂ—?@_»ﬂoﬂ Fz ¥
)

#31= epinephrine 3 £& Fas] 3wy A
s

amine ]

A B
23 o
N
2L
r-ui
A,

Al 8] chromaffin 23 =t =

e ZFAFAANZTAH F2 &
norepinephrine & £l 77 S
ATzl A Aol g o - Yol H89 Z epine-

=gss e 4

HelE shxo] @A e o
A el = 2o} Al JRAERA wduwls] Fo
A glem A Aty B @e 3 o] 5 osmium

o Br} A3l gt norepinephrine & =g

phrine &

ol

rr
_yi

t #E<& = & epinephrine s} &
st TAY S o] Fk wAIAR B FHA
b AR =t £3 osmium o] Bel 7]

= 5L MR 59 ‘S‘/gﬂ’%
o +2E AR A
]_‘—,}, 3,8,9,10}

o} A2

4

oft

r-{n

gd AAE Jute® s Axg
THANA 2 Fie] mA BuF =ZEINFHA
& 20l ole] HZTelE AYAU AT

ZEAHYA =T 205 AYste] A, B
A e AESIL 2 F AL 4%
el A dejx] z=xoz AAHe A Hg
for 535 Fokdlxvel Exyd 9 Fe
2Es A7 Sskd, FeaASHR Py
53}%] epinephrine 3} norepinephrine & = g3t
FEY ZE A olv] By 435

Hlastgen, 2 Ao Basle wholdl.

e

l'£.4

A,
oN,

b > oo
i

X
r"ll“ &

A

s

FEl [ 1154 o=tz A FHZ 3 S FFx
g FE3 AA34, =3

Akl A9 F SAH T €k
Hg ol 4 220 mmHg olgb“ A
A 170mmHg & ¥4 A3 v}EM dor n¥

2% % 35T
el
A

71 7} 90 mmHg ¢

s A = EKGoﬂzﬂ A w=e 244 B
ot 4HS G 7 BE A S22
et A dsist] e AN A gd, T
E g 75 SAE AEAeE Hyon 5
EL2 olxd A3 Jj]o]oh;], 3}=}2) 7}&%] Lz E
A% Aol geh oA AAdA F4ol AA 9
o BEL gov $5 A3E 24T 9 o
27r¢ A 2REIee Adetd S5 3
Aol A% EFsF Exetn A% 4IRS g+
2wl f3e] ol gt FAE AFE T Yk

A &AM A 24X zF urine W] VMA(vanillyl
mandelic acid)E 7.8 mg o] = SGOT, 60 units,
SGPT, 107 units ¢]= cholesterol -& 229 mg%4gl
t}. FBS, BUN, Alkaline phosphatase $-& = A

el Ev. 2EAsA xR At
o A% T¥FE 5 4 AAEL Adsgn

TELAL $& ARG fate] Astd 5 44
AEs ¢4 AYsgeh. TEF ZAE gz ¢
z3tgon e %77 120mmHg o]® &3
717} 80mmHg 2 A H {2 A T F 7Y



MRS - BEE  a ERERRES SREREN BE

— 117 —

wkell gkshetel = Qdstgiet
Z& 15334 ¥xk24 g9 19338 7=
AP TFEAE FL2 $TAE $a4 %J

£ 2d3d &5d FYGE E
o gdstd A3E w2 Aol o %f‘] °]
A A A AARA ] 3 2.»]— g=le] 24 O]
k] AT el g o agdrk. =
wd 3~43) 4 AA A ohwdo] Hol ]1’4 f"#f’]
g el u]s] 40 mmHg 7} AF<5s
Fol TS glet, AASH A4 $3E cerebral vas-
q9 P Qe ¢
%77} 260 mmHg o] 3 &35 7} 120 mmHg o] gl .o
W FEe; A FAE Fubebidch. ol H &AX
£ A gdrh A IVPA 5 A
ool = ef velel glow ulF Zeds) computed
tomogram o] A $-% Aol AR F{F T
Z7] 6.0X5.0cm =g F3/ LAY A
Ap&A A Hb, 18.5gm%; Het, 55,3%; WBC,
25,800/cumm; BUN, 19mg/d/; LDH, 104 units;
SGOT, 30 units; Alkaline phosphatase, 103
units; cholesterol, 222mg/d! o] 34 F FBS 7}
229mg/dl o) 4 102mg/dl o]l 2PPBS & 456
mg/dl g A 245 mg/d!/ & }eRA ¢ivb. Urine cate-
cholamine ¥ VMA &= &3 7]7]9] o]itow &3
HA @sket. 5 34 AAlEE A ek
A AN A Z2EQFFPATF] 3l o
= A7) wlaA ks 3ty - 12w
s+ ok

cular disease & A}#3tg =l

EES
Z

ol

—_—

el
o3
A
e %

—{%
iy

HE W gy

<t 4 odeletd AAs dsA gl o
Ho® A& 24(S83—3304 2 S83—6514)2)
& FAFIE F d424% 10% formalin &
of At o]z FekzxEL Zenker 3H
°H°ﬂ Z2 gFe] SFzA S A de] Ao o

£ *Fstd ek

FYn| A A A Sz Jd2E= 10%
4 formalindl 273tz &4d F I5s44L
A sl =AE FF 3~4p 9 ddAdAE B

o] HE 94, reticulum 4, trichrome 4 o
toluidine blue 94 & st sbdstgdcl. B3
AA A4 el 24 E5& Zenker Zalo
A Fge] AL & oS At T3
e A 3~4p¢ HAAHE wEe] mercuric
chloride ¢] J 3-8 AAF v}& HE 94, trich-

rome ¢4, reticulum g4 2 toluidine <4-&
st =asig el

AxEn 44 A4 1oz 5y 2453
= % F49 1(S83—-3304)¢] Fokz=e] g 4
%3 A Imm? =272 A48 F 245%
glutaraldehyde 2o (pH 7.4, 0.1M cacedylate
buffer, 0~4°C)o.2 247} 2A sl ¢ cacod-
ylate buffer = A3 stgdeb. bl 1% 0sO,
£ (pH 7.4, 0.1 M cacodylate buffer)s] 247k
17 -& S A 2
<+ st AG oY ¢FE P55 5+3, propylene
oxide 2 A 55 N7 F Luft s8¢ £ g epon
mixture = Ze]ske] 35°Col 1247k, 45°Cel 12
AN zE, 60°Coll 48X1zF BoF W8t 5FE A3
v}, 292 Porter-Blum MT 2B 3 ultramicro-
tome o] DuPont diamond knife & 335t 34
48] 2b4 4 & Jeb & 294 94 8] Reynold
B 1®e] 9]¢ uranyl acetate ¢} lead nitrate = o]
% AAE A& s+ Hitachi H-600% 7 =}e =]
o= sb&Rer 3KV = et el

FelASgA A4 AAGe] AL b FopA

29 w4 F2EE FFstn TR A
Heol Q= A5 27 & A3 S5 st
o A &9l AIM 653 Graphic Data Image
Analyzer (Ladd, USA)E 4}-&3l9 15,0008 =
30,0000 = g AP A AAEL AR
epinephrine # norepinephrine =& 1024 & =+
2 &Rt 4 FAAEY =y 9 FFI]E o
st = A gty

cacodylate buffer )3
B

=
o
fd1>14
24

olr

o1 4

S oR 429 A FAE F S [(S83—
330)¢] T3 slEele] ¥EA o TF o] o
< A4 Aoz & Ad 9z §FF T3
= A4 FAzAY d3st TS dAHe] Jeo
W FHY SR 3 A% A3 df4=
Aoz frakslel ggrh. F38 2%& 4.5X4.0

k2 —r'-r]ﬂ' }sl/)&-— Z @ A ZA 9 o
& A3 4¢ o ek(Fig. 4.

Zd M(S83—6514)8] 3] meoko] wlm
9 27]7F 7.0X5.0X3.0cm o] = F-A = 115 gm

x
A



JEP ' —_— e e = — . ~ e A ! ]
SO b Ew W o R e _mﬂa G mﬂm_h ﬂm,w. wT
R SEW W s g T g s mREH B2 gy e W
L M K PRGN S S A S ) m b EE PR gagwyY § pool S "3
i3 = 20 0GR — . A Mo QY B & iny B oo ! - e
I Y ErXys xwy PEx EF TSRk Eadgridw
M W o Y X o P H T T T oW Wy W :1 i G . 3
7 — N L j— - SR . —
T o oy A BT Y B N S I S S S 4 YA e AR o B
o HE T T H Jnﬂh%wn,ﬁm_x% »owc%IMﬁ._ Wmﬂau_.m..\/wuﬂ_:c
o ey © L X 0% Ho = O ) e Y @ X L
M ST M HUom s @ oweg o  k om ®T ol S TR B
o T o Al Mo K hm_ =W W uj oo e WM ‘.wﬂ ! /F\ G o e PO S ] 1m.
oE ot o PR L Ky o 5 . ARRERgde HWAS. 2w s
Ly = Yl < K & e o — X" o 1 dy © T g o 55 W o T 8 L] & g .
oy oL . — < N T o= 2T 1%. ) r_?_ hied [ TG T N ’ [T N -~ u T
o — l i Ny 2 . [/ JR— —~m —_—— T P L S 9 o B
A M EO e B = T B RS gEE P s TR T gT o oS
Gl TR Sl T o A - B W B T W LM T E e -
— oo i al by o g 3 7 - J \ -
.wl»“; T - oS o _.w_ Py %a N MM =R i E ﬁw. MM i w Mﬁﬁ i e " ﬂﬁ_ﬂ_ o - 1_.4 Nh iy n Iy = ] -
2 R Aoy Ly o B e K G ST i N L o
ﬂg;n%um T B B N - B %fh%]ﬁ_e .L_ajr BERR O g
o g 83 e T G - T = SO NS S R A B S N O R SR
oW 880w T o T o B P g T o, I S T SR AL
BT 8 gy T EPHPLENERE Wbl g2 ¥R dTeEy
I ; G g o B ok o W A R 3
ArE il THEa s, S ET T wa s T e Rt Py g8 o8
e U Y oA Hexgurd " s sdwemexrx Pl P 585 RT 0o ®G
BH R T T SNt wswTocEAAHTAFEL WP TOFTH SPFFOSFAI
g o 5 4 4 7 ool Tom R oM g m b oA T R s T o T oo F T N e
‘s T o A N S R B ol R (o ST B T o S g M
B T R ﬁLﬂ_ﬂq@wa«w‘mﬂﬂa%@ﬂ;)m F P qgE SOy PE
5 s — e A = = & Lo = 23
2 - o e K o B CLNR N - e . I il _w_ i + W oF
o - b e P B Clgpa 5% oo e mw B B o = 0o (i
= i) N N N w.o S ~' ) ) > Ul & = mK ok R\ o o K i
Mo w5 wmo # B ' A " o WS L. g SR MR
= oK il = A W X oo " =
R # 2 T LEwE ®Y x®TEE L Sl "
S 0w 1 o s — g — RN 0 aﬂW.uﬂi
Moae AN 3 S w e ] £ w K A .8
T Aot w g AWM AT e @ EAF S
o] ® TE —_ ool el — S ST N ~nl —~
o = £s W — [SIN = = 0
R # 3 o OO A IRCORGE: R I -
oo M Muu w a.l o A i B e 50 KT T 7! ol E e
h (3 ~y o —
0o W O& w TN :i W ma Ko oo B T -
o T pTPT 2w R G A T T
Ny — i Iy == XN — il P iy o e — Y
of W W B ] _f oA g AES T T Sy o MW X "
oo 2 F S Ko o g0 g FT o2 ) G N H
A - wOT L 0 =g R I ) N w Ko 9 ™
Ve TS, o WOH S § S Ko g W I N
| oo do i Mmoo 8 § o «_l SO ™ T N R i
* e ! s R it oo b ROQ = s N oW W
= P o Wl T N A AT hv+ ERg . @ owd L "
| o mromr Ho o o ®o omp A oo W oMo H R T & B oo o T
7 co Tw oW ®F S ooy g F W oo e




MRS - BER | EREAREY BRBREN B — 119 —

Table 1. Morphometric count of catecholamine granules of pheochromocytoma

\\Dimension
N (nm) 0—100 101—200 201—300 301—400 401—500 501—600 601—700 701—800 Total
Type \ No
Norepinephrine 0 8 27 14 6 ¢ 60
Epinephrine 1 10 15 11 4 0 0 1 42
Total 1 18 42 25 10 5 1 102
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Norepinephrine

Epinephrine

Fig.2. Schematic drawing of norepinephrine and epinephrine-containing granules of

pheochromocytoma

Fig.3. Schematic representation of ultrastructural features of suggested catecholamine
granule formation in pheochromocytoma.
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Keys for abbreviations

Ch: Heterochromatin N: Nucleus
EpGr: Epinephrine granule Ni: Nucleolus
G:'Golgi apparatus NorGr: Norepinephrine grahule
Gly: Glycogen particles RER: Rough endoplasmic reticulum
Gr: Granule Rf: Free ribosome
M: Mitochondria V: Vacuole

Fig. 4.

Fig. 5.

Fig. 6.

Legends for Figures

Case [. The cut surface of an encapsulated solid tumor, showing brown to
dusky-red tumor with hemorrhage and depressed areas. A part of adrenal

tissue is noted in the left.

Case I. The section shows a uniform array of round to oval cells in cluster

or cord-like patterns. Fine connective tissue septa bhearing vascular spaces

are seen., x100.

Case [. Higher magnification of Fig.5. The nuclei are ovoid with medium-sized

nucleoli and occasionally hyperchromatic, degenerating forms. The cytoplasm is
abundant, granular and eosinophilic. x200.
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Fig.7. Case II. An ovoid solid tumor with good delineation. The cut surface shows
multiple foci of hemorrhage and slightly depressed white scar in the center.

Fig.8. Case [I. Clusters of pleomorphic cells are separated by vascular connective
tissue. The tumor cells reveal variable size and shape. And have abundant
irregular and hyperchromatic nuclei. x100.

Fig.9. Case II. Higher magnification of Fig.8. Irregular hyperchromatic, degenerating
nuclei are so frequent that a poorly differentiated neoplasm is sug gested. x400.
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Fig.10. Case I. Electron micrograph of chromaffin cell of pheochromocytoma. The
electron-dense granules, numerous mitochondria and well-developed Golgi

apparatus are noted. The nucleus with prominent nucleolus and nuclear pores
(arrow heads) is well defined. x10,000.
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Fig.11. Case [. The catecholamine-containing granules have varying size and limiting
membrane, surrounding the central electron-dense cores. The norepinephrine

granules show more electron-dense core and a clear space between the limiting
membrane and core granules. x50, 000.
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Fig.12, Case ]. The substructure of the electron-dense core of the norepinephrine
granules is distinctly different from the epinephrine granules. In these
norepinephrine granules, here was a clear spacelor halo, or nonelectron-dense
area that was interposed between the limiting membrane of the granule and
the electron-dense material contained therein. Also, there was no fine gran-
ularity in the electron-dense portions of each of the norepinephrine granules
as compared to those of the epinephrine granules. Some vacuolated granules
and scattered glycogen particles (arrow heads) are noted.. A mature granule
with lighter density of the core shows continuity with an elongated structure
which probably is a segment of RER (arrows). x79,800.

Fig. 13. Case . Many vacuoles showing more empty space than granular materials.
Also noted are some scattered free ribosomes. x82,600.
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Flg.14. Case ]. Many distended mitochondria with partial loss of cristae, glycogen
particles, epinephrine and norepinephrine granules. And RER. A structure
suggesting early granule formation (arrow) is also noted. x45,000.
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