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Fine Structure of Digital Arteries in Rat
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ABSTRACT

The ultrastructure of small arterioles and capillaries in the lumbrical muscles of rat

digits were studied by electron microscopy and following results were obtained.

1. The diameter of small arterioles of rat digits were 12~20 um, and it was relatively
smaller than human (30~35um).

2. All the endothelial cells of small arterioles and capillaries in the lumbrical muscles of
rat digits were continuous type, and they had typical morphological characteristics of

" continuous endothelial cells; numerous cytoplasmic pinocytic vesicles and many tight
junctions between the endothelial cells.

3. In the small arterioles subendothelial layers were irregularly spaced beneath the basal
lamina, and membrane to membrane contacts were found between the endothelial
cells and smooth muscle cells.

4, Pericytes were often found nearby capillary endothelium, and their cytoplasmic
processes scurrounded part of endothelial cells. They were enclosed by basal lamina.

5. Smooth muscle cells in tunica media of small arterioles were only one layeréd that
is, they were terminal arterioles. Sarcoplasm of smooth muscle cell was divided to 2
areas; homogeneous or filamentous area and non- homogeneous perinuclear area.

6. The tunica adventitia contained fibroblasts with extremely attenuated cytoplasmic

processes and collagen fibirls.
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N B

e F7)e) wel sp} Z AAe] HEHF o
R Z /IAEE =¥shs &35 (elastic arter-
ies), 2t AR =& Z A7 %Y FY (mus-
cular arteries), 7P} #2& AL ZE L5
(arterioles), o8-S =AMdMo= Uzl o
3 FHEe ¥We dutdoen Judxzz FAFY
8] W9} (tunica intima), P8I Z7} FALH
oz 2& o|fx Z%(tunica media), 7P ¥y
otmAd-f-} e A-4-E2 245 AU 2% (tunica
adventitia)2] A Zo=2 FAF o] glc} (Ross, 1995;
Gartner, 1997).

gy AR WMz T2 P VAR &
A 55l w2t G89 M7R] fHez vreiRd
(Rhodin, 1962; Majno, 1965; Simon, 1965;
Hammerson, 1966).

(1) 942483 (continuous or somatic capil-
lary : Palade, 1953; Pease, 1955; Buck, 1958,
1959; Keech, 1960; Pease & Paule, 1960),

(2) Aol ¥ FF AP D (fenestrated capil-
lary with diaphragm : Hall, 1953; Yamada,
1955; Pease, 1955, 1956; Parker, 1958; Rhodin,
1962), )

(3) Aate] 9l KA =AM E T (fenestrated capil-
lary without diaphragm : Fawcett, 1955, Hamp-
ton, 1958; Weiss, 1961).

se A g A d e A7
dRE gEEgdoht T8y FUo AFH e
o DA R Fade Ay HF=2 RIFHYH
(Buck, 1958, 1959; Keech, 1960; Pease &
Paule, 1960; Rhodin, 1962, Bader, 1965; Albert
& Nayak, 1976; Kim & Choi, 1994). &2+
R g Fgo] WA wdel £ ARTeE
of Asstx 9z, wEkM & - FH 25 2A)
YA vl T2 BT AFE Aol & Aoz
R EARIT S

oo M= HF FAW Fokel A ¥
9 zAERE daer, 53 WIMZE FAo=

i FEE RS RISTA Y,
Mz oy

2 AFeMe Addgm i FEAMIAM
A7 siA AHEE A F 200g W8} %3 Sprague
-Dawleyd #HAE o4 +E gof AHgslgch 5
o] oMl E¥-& 2ok (lumbrical muscle)H4] &
4 2 2AERE d7dges g

Ether& w3 215 FAAUNA dFHT&
8l 0.2 M cacodylate $FHe] Eo Q& 3%
glutaraldehyde$} 8% paraformaldehyde &% &3
o§el Karnovsky £ (1965)02 #F wAL 3
o, $X9 FgEg doje]l TARE o=
paraffin Tl ohA] 2p2 Awoz e, ol
A A& AHE FA] T zAReR 2% A2
R8T 0.1 M cacodylate b og AMHg & 1%
osmium tetroxideol] 2A17+Eet FuAdgc. 34
¥ 742 ethanol2 Y433 Luft'd (1961)el wte}
propylene oxideZ ## Epon &§d Eoj 3o
35°C, 45°C, 60°C LBoA 77 2417 FAAIA
Z¢e g3l o9 Fo] mid AL I
Wl A= Weke 3 F MT-5000 2444
712 diamond #-& AF8-3le 80nm o) AHE
olo} uranyl acetate$} lead citrate2 o]FHM &
Algste] Hitachi HU-12 Az &Ew]7 ez 75kVE
7k kst A asleict,

4 =
1. 259

Aul g2 AR 270N AFAS FFE A
ojatelel] |AHE AFUEL hAAez 1 AA
o] 12~20um HEZ o}F h=glm Yk
o] & Z W (tunica intima), % (tunica
media) 12|32 ¢} (tunica adventitia)®] 3F2 2
A Pase] daEglon], A dREo] M
Futzo] FPT HHFEE FA}E v Ay
2 vidse] glen dFez FAFHS UL
(Figs. 1, 4, 5, 8).
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uigt: A5} Yok 30 y2dE 917 s
W =) A} Z (endothelial cells)®2 FAHe] Ugdx =
delld Be gy os #AEYT (Figs. 1, 4, 5,
6, 7, 8) Heo] 32 Woz A wjdse 9l
dor (Figs. 7, 8) AL WAz o7t £250
ek, AZ M Tl mitochondriazt F813t
A FRAFHPD 2 FAEEA, AFFANAY
(rough endoplasmic reticulum), A-SEB$E T
A=} (Figs. 2, 6, 7). =3 8 FHu99] 3
MAts BAFE 4 9o v AA} (microfilaments)
= Azd A F53A EAEAE. 53] &l
He R Azavd de] 248l 284X (pin-
ocytic vesicles)g¥d T L&4AZE 7} =, ZIAT
%, AxAde) £F wWeo| FAFS (Figs. 2, 5,
6, 7). WINzE PR Foz Z4eg HA 7}
Fojzen] WAzt 4y (tight junction)
v RBahdlel o JRE AT e Hq
of &gk dAe] 714 wte (Figs. 2, 4, 5, 6). W
M ZEE 71A g 3 AAH 1T dgle™ L o
# 2] W] 8}& (subendothelial layer)& o}F E-51%
3 Hel 2 #EF Y (Figs. 2, 3, 6).

F9: 33 U2 AT HS S A9 HR
B 139 JYZHZEH it FAHE FUaT
9 (terminal arterioles) °]%1.27 HFTHZEL Y
A ZE vpged A Feo] widE st )
Aok o] FETHTEL B WusEE Aol
of =1 WIMEZE EdA o7 ZolA gl
=39} F golsldek (Figs. 2, 3). Iz 92
A3 BFAsgen MEAL filaments7} @el &
35l FAA d9 (homogeneous area)¥ mito-
chondriavt L & =& M Z47|HEe] o] £¥3}
+ ¥]FAA 39 (non-homogeneous area) 22
F=o] FFHY. ' L vFUA ¥l
mitochondria, ¢7+9] Zmualalwt 7213 dense
particles® #6313 3l%l.e™ (Figs. 4, 7, 8), 7%
A QYL AAo| otF Jhe B wAAEe] HE
ZAE A5E Wty e ez Jelga
979 dense particlesE 531 ¢Jc} (Figs.
2, 3). HEZAZZ e A= 3HE vt 49F
g A=zt Atelell gap junctione] Te] FAFe] #

4o} (Pigs. 1, 4).

olgt: o)eke o} ge AYEAZoz HAFY
on] B ge TAMREo] Yol FWeA. =
& Sufe] 2 AFEAEe) AEEIELS o}
F 7heelal Helz #ES A (Figs. 3, 4, 7, 8).

2. RHEH

AFe] 2T Ale] EMEIELS WM zRT
Eeale e A7 o 5~8um A= o}F 7l
¥ Fxdo. ZAERANE Q) Mzl £9)8
= YAFYHE (pericytes)7 AF BAHALH),
o] HAFIMZE WM EE ¥ oz Euu
3 A3 A o EriRe glglem o] V)
Asho] WA 2] ZHFI MR o]o]A U A%
= gt dIFAHEE vlay & 98 /X1
A9z HEzAWAE B2 mitochondria, ZHWE
A% a3 AREHREE R G Ao, =3
filamentous componentEx Wo| Z#slHEH ol
B& ATl o8 WM EG B gislen
ojd FL Z|AMFe] gle] AFAMEZe YAz
7} AZd3 e = FFFSC (Figs. 9, 10, 12,
13, 14). 3AEI WM 2E vl 59 |4
zo} o wAF2 UM E ol fAREAE S,
g2 o}F AT ez [AFHUT AFH A=
Aol mitochondria, A& FX2&x, FFuUW 3=
o, Al AL Feol & FEF U (Figs.
12, 14, 15, 16). =3k Alx3 Aukel) A microfil-
aments$} EEZAE Fo| FRA Ao (Figs.
10, 11, 12). ¥ 23] a2} = #H4)
oo Bavlel o) Ry |fd5w st gAl
Hduel g dAde] 73 wsieh (Figs. 10, 11,
12, 14, 15, 16).

n #

tAER pEo] WA ot £A8 AHY &
<o) AF Y3l AT g3, WY u|H T2
B dF= W3] APHT U AAew. 19
AR el A dFe) WREe] BHEY, I8
3 F9 Zd g8 o]F°13 ¥ (Buck, 1958, 1959;
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Keech, 1960; Pease & Paule, 1960; Rhodin,
1962; Bader, 1965; Albert & Nayak, 1976; Kim
& Choi, 1994),m|A 53 et AP ge] F3fe:=
F2 553 A7)d ZF3Ee] $o}h(Hall, 1953;
Fawcett, 1955; Pease, 1955, 1956; Hampton,
1958; Parker, 1958; Weiss, 1961). o]&9 &
oA FHl mAEFR] WA EE A G52 A
7H] oz vreA 3 Qo AR d&52AE
% (continuous capillary or somatic capillary) 2.5
A WAz o] lT AA=A, AgzA, I¥
A = Z&2A Exde ¥ o1 (Palade,
1953; Pease, 1955; Buck, 1958, 1959; Keech,
1960; Pease & Paule, 1960; Rhodin, 1962;
Majno, 1965; Simon, 1965), E#8& Zue] 3lx
S 3248 3 (fenestrated capillary with diaph-
ragm) 224 o]&L T, A, WFEuAAFE 23
I Hf Apolell EAmgte] UG zAlMA FE
#ELHe} stglon (Hall, 1953; Yamada, 1955;
Pease, 1955, 1956; Parker, 1958; Rhodin, 1962),
AR= Aol gl §ARAEH (fenestrated cap-
illary without diaphragm).© 2] F22] podocyte,
FEATFANN EAA oz Jeiddn sy
(Fawcett, 1955; Hampton, 1958; Weiss, 1961).

g 2 die AFY SR e FE2HE
nAlEE 2 2AERE Aoz dgern, oF
3o WA zE o gl d&d WMz ¥
ook, ol F "3 Az 2 71 uisk A=
PollA BFAT 71 Yeldeon AlzAddel mito-
chondria’} €3] # #AE T filamentous material
o) wo) TRY AL olF WIALY A4 B
Ho] gl& Aoz A2} Rose et al. (1995)5%
Gartner (1997)+ d4uUFA X EAo=zA] @2
E-LA4F (pinocytic vesicles) S 2= EA o] itk
Bustged, & A7y WIAEe] Az
A ge 28437 BAPoz N dSHIMEE
e g3 AYez 75 4 Ud. =3 FH2
2} Rose et al. (1995)3} Gartner (1997)= =AM &2
o] Ael" =3}2bY (selective permeability barrier)
22 zasie g P AL 24 (synthetic and

metabolic system), 3384 2L (anti-thrombo-

genic function) 52 3} P, o5 MY
o) A AFAS BAEANE F /A =
719) Fuje] EAF Floletx Alslyer, e
FH& Aol 9~11nmelx & T AAL
50~70 nme]et. o] 3 AN Fool &t Al
WA Fz27) 7Pt st AR, A ZAbe]dA
3 o)gsle WM ZAL|BA, EA fAEAES
o] Aol A A, AR AR 2AERY v
Axg 7tzAdy Fosie Floez YA8e g2 £
o IZAFE S £ Qo B 979 Al BA
3 Jaze AzAdde g ¢ 25025}
#FEEg e ANz Aol F2 dFHuz
Heol Sl 3ol o) #AHSGTh ol Mz
% 2522 Ay 39 dRAARE Az
AL A Fel siIste FeEgH Fxen %
SAEE Z Y e F2Y Aeloh

Johannessen (1980)-2 ##AFM Z (pericyte)dl
I3t RaeM FARFHAZE ZNER FH9) v
MAAE F9e 2P gy, ofEL 7 A=
A 278 e 2NGAZE 7| g FHA
o} 9le}kw 3bgdch. =3 Rose et al. (1995)2 o] &
AL 2 Alxz 1Y 5 e FAAHHe
v M zZAWe] mfo]2Al, el Feo] FFEe] 9l
a Budisivh. B d7eA AT EE] B
A2 HAAZE FHe A5 FEHUT o
HWelHzel AZ" 7 AHel| E=inted Sl A
woltt, F#AFAA=E M EzAYe= mitochon-
dria, 2HEWEAT polyribosome, ZA}AR] 2o
= %2 filamentous materials7} T2 E oA olE
Mz} 558 7 Aeletn EsAl A4
o glgleh =3 2AEE I x 2 dRFAAM
Z 7te]l AREHNER ASF EsME= Zom Mo}
AN ES AREAE 5 o Hzz PIig
£ e AeHE /R UeE A 53 9
At

Atgel agH Fatel] gt dFollA Johannessen
(1980) &2 Wi/l 2~3%<] HIAITHEER F4E
347 9ot3 ke RAESE A 30~35um
Azl A74g 7zt 2945 (terminal arterioles)

dAE 2o JFzAEz FAHY gz 34

o njnt
frlo
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o 2 dFeA A FgIHe AFHEL o]
H BAAN AL RRE FUAZTH s
D2e] FEIHEE| FASE FHez YA
glglem 1 AL 12~20umo 2 AMFRv= 9
ztoke}, waze] MlzAe] #A3led Rose et al.
(1995)- filaments7} o] =] FAdoz B
o] FAA <Y (homogeneous or filamentous
area)d 1 & TE A47|Fol wo] 9l ¥ F99
B 724 49 (non-homogeneous area) &2 EH
st B 439 Aoz Fute) HIZ M=
AL olygt FAA 9 u|FHA ddoz FHd3I]
FEE 4 gldlen, FHA GGl vjAlEt fila-
ments’} T3] 2o 919l =E=F glycogen o 2
AZE s AAEE7E 22 X"k (electron dense
plagues)E°] TAF<TE, Fute] FFZ A= A}
o]o| = gap junctiono] & WEEo] gleiA vz] A
2 ol = AAH JEEAR F49 WM =}
= 7HEF B8 HEEV)E el Mz 43T gl
At

25N 9upel] HAF @2 B3l M (Alkane,
1959; Johannessen, 1980; Gartner, 1997) %ol
+ ASEAEI BFEY 89 slgeAl AMEE
717} Zeldd etz mdd {5l Bl EZA loose
g idE 3k AT siEEl, ol B FEelA
o] 275 dAFA

B EE
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ZEXE>

YR a9 TR 275N ARGl A
ol o} Wdde el FE ATE] BIHAY
sAe) vlAENT} 2AYR] BT ATFE =BT, o

o A= "7 £A9 Fok el AT wAFATH
AR F25 Aoz Al BaFT
2} g},

1. 33 22 W »)A% (small arterioles)S
3 7o) 12~20um= Fute] ¥ 3o HIIAz=
FAE 24ALEW (terminal arteriole) FelGEd
Aol 24 EH(30~35um)el uls] HA ol AAgtesi,
AP HE 2] 5~8um= ¥]5Erg .

2. BE oA g zAd3Re] fuhg 743k W
HH 2z 943 (continuous type)elli, webd A
A HzAe) ®EAZ (pinocytic vesicles)7} o)
A= et

3. EAESR 2o A5 SBFHAE (pericytes)
7t A G Ed dR29A2Y 7 E7)71 A =
YEEZ A= 74E Yskew o5 JA Wl g E
EEVC ISR

4. WA ZE Abelells o7 711 dle} A&l
Qor} 53] 40 (tight junction)& 714 el #Z
& 4 gt wAEEY eSS Z1Ag ol
o) 2728 FAlez vehged TR WAz
Zubg FASHE FEIAEL o] F 2o A
.

5. Al FHe] Fubg A 3 29 HPIH=E
o M zAL @32 filaments7} Qlo] FAAH o2 Hol
A4 239 (homogeneous area)® mitochondria, &
Ay}, FA S, polyribosome Fof HFHE
¥ 22 H]7AA 99 (non-homogeneous area)2.
2 FEHA

6. mAEHe 9ute AfFEAMEY ofF rlnrigh
27152 FAF] e T ZdGdREl &
29
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FIGURE LEGENDS

The following electron micrographs are taken from the small arterioles (Figs. 1-8) and capillaries

(Figs.

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

9-16) in the rat lumbrical muscles of digits. All bars=1pum.

Cross section through an arteriole containing two erythrocytes (RBC) in the lumen. The
endothelial cells (E) in tunica intima, a single layer of smooth muscle cells in tunica media are
observed. The tunica adventitia (ta) contains fibroblasts with extremely attenuated cytoplasmic
process (Fcp) and collagen fibrils (CF).

High power view of a portion of Fig. 1 showing endothelial cells (E), irregularly paced
subendothelial layer (Sub) and filamentous area (Fi) of a smooth muscle cell (SM). The
endothelial cell contains a nucleus (N) and perinuclear cytoplasmic organelles, and adjacent
endothelial cells are held in close apposition by tight junctions (arrows).

High power view of a portion of Fig. 1 showing endothelial cells (E), subendothelial layer (Sub),
part of a smooth muscle cell (SM), and tunica adventitia (ta). Many pinocytic vesicles are noted
in the endothelial cells and homogeneous filamentous materials with some dense inclusions are
noted in a smooth muscle cell. Cytoplasmic process of fibroblast (Fcp) and collagen fibrils (CF)
are also noted in tunica adventitia (ta).

Cross section through an arteriole consisted of 3 tunics; endothelial cells (E) in tunica intima,
smooth muscle cells (SM) in tunica media, and fibrocytic processes (Fcp) in tunica adventitia.
Many mitochondria (M) are observed in perinuclear non-homogeneous area of the smooth muscle
cells., Arrows indicate gap junctions between smooth muscle cells,

Cross section through an arteriole consisted of 3 tunics; endothelial cells (E) in tunica intima,
smooth muscle cells (SM) in tunica media, and fibrocytic processes (Fcp) in tunica adventitia.
Note a long irregular nucleus (N) in the smooth muscle cell.

High power view of tunica intima of Fig. 5 showing intercellular junctions (arrows) between
endothelial cells, and numerous pinocytic vesicles in the endothelial cells.

A longitudinal section through an arteriole showing endothelial cells (E), smooth muscle cells
(SM) and long cytoplasmic processes of fibroblasts (Fcp). Note well developed mitochondria
(m), small Golgi complex (G) in endothelial cells, and intercellular junctions (arrows) between
endothelial cells.

Longitudinal section of two small arterioles showing endothelial cells (E), smooth muscle cells
(SM) and fibrocytic processes (F). Note gap junction (arrow) between smooth muscle cells.

Cross section of capillary endothelial cells (E) containing an erythrocyte (RBC), and surrounded
by pericytes (P), fibroblasts (F) and lumbrical muscles (L).

Fig. 10. High power view of a portion of Fig. 9 showing intercellular junctions between endothelial cells

and many pinocytic vesicles (pi) in the endothelial cells. Part of pericytic process are surroufn-
ding the endothelial cells and they are with in same basal lamina (b1). F,; fibroblasts.

Fig. 11. Capillary endothelial cells containing numerous pinocytic vesicles (pi) and some rough endoplas-

mic reticulum (rer). Note intercellular junctions (arrows) between the endothelial cells.

Fig. 12. A portion of capillary endothelial cells are surrounded by pericytic processes (Pp). L; Lumbri-

cal muscles.
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Fig. 13. Cross section through the capillary endothelium containing a erythrocyte (RBC), and near by
pericyte (P) with it’s processes (Pp) and mitochondria (m). L; lumbrical muscles.

Fig. 14. Cross section through the capillary with an erythrocyte in the lumen and near by per1cyt1c
cytoplasm which contains mitochondria (m) and rough endoplasmic reticulum (rer). Endothelial
cells and a pericyte are rest on same basal lamina (bl). Arrows; intercellular junctions, F;
fibroblasts,

Fig.15. The capillary endothelial cells with numerous pinocytic vesicles (pi), mitochondria (m), rough
endoplasmic reticulum (rer) within cytoplasm, and intercellular junctions (arrows) between them.

Fig. 16. The capillary endothelium with numerous pinocytic vesicles (pi), mitochondria (m). Note
intercellular junctions (arrows).
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