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Fig.1 Two typical pictures of the India ink preparation before (a) and
after (b) vascular level analysis of the tumor.
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Fig.2 An induced tumor appearing as a
protruded growth in hamster tongue.
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Fig. 3

Growth patterns in the squamous cell carcinomas of a tongue
(H.E. stain).

A :exophytic pattern ( X13). a : moderately differentiated type
under higher magnification (X87).

B : endophytic pattern ( X33). b : well-differentiated type under
higher magnification (x87).

C : combined pattern (X15) . ¢ : moderately differentiated type
under higher magnification (X87).
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Table 1. Macroscopic and histological findings of squamous cell carcinomas of tongue.

Macroscopic Histologic findings
findings Differentiation Growth patterns
Types No. well moderate poor exophytic endophytic combined
Protruded 22 11 8 3 8 2 12
Superficial 5 3 2 0 1 4 0
Ulcerated 4 3 1 0 0 4 0
Mixed 3 1 2 0 2 0 1
Total 34>'.<. 18 13 3 11 10 13
(%) (53.0) (38.2) (8.8) (32.4) (29.4) (38.2)

% Cases of experimented hamster except injection resin group.

Table 2. Growth patterns and histologic
differentiation of squamous cell
carcinoma of tongue.

Growth Differentiation
tterns Total
patle well  moderate poor
Exophytic 7 2 2 11
Endophytic 6 4 0 10
Combined 5 7 1 13
Total 18 13 3 34

Table 3. Number of experimental animals in
medications and intravascular injec-
tion groups.

Injection materials

Total
India ink BaSO. Mercox
Protamine 11 3 5 19
Heparin  8(3) 4 -3 15(3)
Saline 5 3 3 11
Total  24(3) 10 11 45(3)

() :Number of died hamsters during
medication.
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Fig.4 Microangiogram of a saline-treated
tumor. a : whole tongue. b : higher
magnification of the tumor portion

showing a branch-like vascular
pattern and a pooling of contrast
medium (arrow).
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Fig.5 Microangiogram of the heparin-
treated tumor showing hypervas-
cularity.
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Fig.6 Microangiogram of a saline-treated

tumor. An avascular area showing
a lack of contrast (*).

Fig.7 Combined growth pattern of a tongue carcinoma:H.E. stain
(X14). b : transparent preparation of India ink (X14).
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Fig.8 Angioarchitecture and histological findings of the terminal
portion of a branch-like vascular pattern (X25). A : H.E. stain.
a : transparent preparation of India ink in a protamine-treated
tumor. B : H.E.stain. b :transparent preparation of India ink
showing extravasation of carbon particles in a heparin-treated
tumor. C : H.E. stain. c :transparent preparation of India ink
in a saline-treated tumor.
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Fig.9 Blood vessels in the superficial layer of a tumor (SEM).
a : a varix-like loop in a heparin-treated tumor (X700).
b : grobular loops in the heparin-treated group (X1600).

C :a huge loop with constrictions in the protamine-treated
group (X400).

d : many protrusions of dead end capillaries in the heparin-
treated group (X800). of tumor in the heparin-treated group.
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Fig.10 Blood vessels in the superficial layer of a tumor (SEM).
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a : complex loop showing an arterial limb (arrow) (X260).
b : many anastomoses of the capillaries (X700).
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Fig.11

Irregular netlike vessels in the
transparent preparation of India ink
(a) (X40) and SEM (b) (x80).
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Fig.12 Variant capillary sprouts (SEM). a : A horn-like form (x1000).
b : A bump-like form (X900). ¢ : A thumb-like form with a
imprint of endothelial cell nucleus (arrow) (X1900).
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Fig.13 Process of capillary-anastomose (SEM).

281

a : Pre-anastomose of capillaries (X800). b : Contact capillaries

(X800).

Fig.14 Bud-like capillary sprouts of irreg-
ular netlike vessels in the heparin-
treated tumor (X870) (SEM).
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Fig.15 Vascular patterns surrounding a large carcinoma cell nest (X30).
A :a protamine-treated tumor (H.E. stain ). a :transparent
preparation of India ink of Fig.A. B : a heparin-treated tumor
(H.E.stain ). b :extravasation observed in the transparent
preparation of India ink of Fig.B. C :a saline-treated tumor
(H.E. stain ). c :ring-like vascular pattern observed in the
transparent preparation of India ink of Fig.C.
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Fig.16 A  cylindrical vascular  pattern
consisting of 3 vessel layers sur-
rounding a large carcinoma cell nest
(x165) (SEM).
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" Fig.17 Outer surface of the cylindrical vessels (SEM). a : many con-

stricted capillaries can

be observed in the protamine-treated

group ( X710 ). b :dense capillaries in the heparin-treated
group (X600). c :dilated capillaries in the saline-treated group

(X600).



Fig.18 A vascular pattern surrounding many small carcinoma cell nests
at the endohpytic growth portion. a : H.E. (X16). b : transparent
preparation of India ink of Fig. a (X16). ¢ : SEM (X86).
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Fig.19 a : Vascular destruction in a transparent preparation of India
ink (X23). b : vascular expansion and truncation (SEM) (X56).
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Fig.20 Vascular displacement. a : H.E.
preparation of India ink (X16). ¢ : SEM (X82).
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Fig.21 Malformation of a tumor vessel (SEM).
a : A huge loop (X550) . b :Many small pits at an elbow-
shaped bend (x2100).
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Fig.22 Distribution of mast cells (arrows)
at the border area between muscle
tissue (M) and the tumor tissue (T)
(%42, toluidine blue stain).
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Fig.23 Vascular levels of the tumors in the
treated groups.
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Abstract : The effects of protamine and heparin on tumor angiogenesis and

angioarchitecture were investigated.
tumor in golden hamster tongues,

Following production of DMBA-induced
protamine, heparin, saline 1in ratio of

60mg kg //day were administered subcutaneously 12 times over 2 weeks. Vascular
pictures through intravascular injection of BaSO, solution, India ink, and injection
resin were observed by means of angiography, microscopy and SEM. There
were macroscopically many protruded tumors and histologically squamous cell

carcinomas. They were characterized by combined and well-differentiated growth

types. In the protamine group extravasation of carbon particles from the tumor

vessel walls were slight, but was much more frequent in the heparin group. The

vascular level was significantly lower in the protamine than in both the heparin

and saline groups. Hypervascularity of the tumor was observed by means of

microangiography in the heparin group, but not in the protamine and saline groups.
Newly formed vascular buds were infrequent in the protamine group, but more

frequent in the heparin group.

The angioarchitecture around the carinoma cell nests looked like a cylinder composed

of 3 vascular layers. Numerous constrictions of the capillaries on the outer surface of

the cylinder were apparent in the protamine group. Mast cells were not observed in
the tumor sites of all 3 groups, but near by vessels surrounding the tumor. Thus, it
is suggested that tumor angiogenesis was inhibited by protamine and promoted by

heparin.
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