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Abstract - The purpose of the present experiment is to study by clinical and his-
tological methods the effects of artificial vitreous body made from polyvinyl alcohol
hydrogel(PVA)in rhesus monkeys.

Fifteen rhesus monkeys were used in the present experiment. Zero point three ml of PVA
was injected into the right eye after 0.5 ml of the vitreous body was removed. As a control,
0.3 ml of physiological saline was injected into the left eye, after 0.5 ml of the vitreous body
was removed. Clinical laboratory observations were done at 3 days, 1, 2, 4, 8, 12 and 16
weeks after PVA or physiological saline were injected. All eyes were removed at experi-
ment week 16 and were used for histopathological studies.

Adequate data could not be obtained in clinical observation, because of difficulty in
controlling the intraocular pressure and secondary uveitis, the measurement of which
required systemic anesthesia.

In histological studies, granulation in outer sclera, mild infiltration of neutrophils, plasma
cells and lymphocytes in the iris, granulation on the surface of the sclera, destruction of
inner nuclear layer, decrease in the number of outer nuclear cells or fibrin with lymphocytes
on the surface of vitreous body were seen in 8 of 12 experimental eyes.

Further observations should be done on the adequacy of PVA for vitreous substitute
before clinical use.
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artificial vitreous body, polyvinyl alcohol hydrogel, vitreous substitute

BE LD, BRICREEIhHEAOX AT X HEHES,
i b, ¥V aviAAARERECECTEREh 5971,

W, WFEFMBMORECE biny, HEEMERE WTEE, BKERHIPRT, B 1 %125 -7 ViR
THFHIES, HIEMRERRMERIRIE £ S X 2HEMME  HEoBK L e 7 e VR TH X W7o B B T EIm B R
Tl D, WREN LA L CE . WMTERFNEOMT <Tbhh, BERBREHERL VLY. BTEERYE I,
HERMRE LT, PoERRY 0 EEMATS WTF4EFNE SBEMRERT 20 chel, REERE

il



(394) =8

MeRR, M2 VAT —TOBEEIERINS. bhbh
X, KAMCAERET, BHERHERL, BATRIRS
RIEWBKEO AT TFHE LT, KBRS FTHS
AYVtr=—n7ra—nr A4 Fer (LT PVA LB
DEBIR LY, TOAR L HEILOWTEH S OBRFEZN
ZTEO-D, DR, PVA 1%, BRI TRZ DAEEKE

SURREL, WTHLBLOBREMELRTELRD,

EHIL, KRTOERRTH, ALWFHELT, 4£4H
AT IRIEHR T REBER LB, ABR~OHER I,
KELD S IHRABRCELULERT, ToEEEA
HABRNTALENDS. FTHE, BREWMTHY
B5kEL, PVA #EALCE, ERYHEEL, HEA
BRI PVA O AT T E LCoAEHEA M 2R
L.

KRB L UHE

D #RwE

SEHESE 2000 D5ELy VIO R Y E=—A T A
a2 — V(RO ® 2 2 7 — g L, A F v Atk
THEERE, 71 v 2aRCEBREIREFELL-DOY,
REKCTTEE% LD L1, W100COHEAF—
ARNZTINBEBR L CHERIRS. ZOoR) E=— L%
WEEREFAFHELITIE, 10um 74 L x -2V T LY
CTHEBLAENRD, BEEY T ABT VI AREAL, &
EHXATREE TS, o7 v 7 i 120C, 30 4k
L, RYE=—AT7Aa—ADKMEFEEETS. £0O
#®, a0 60 B0 y #RE0.6~0.8 A F VYV MV
BETH L, ZXRTEREEY RV =171
2= P el ARERTE 5 (Fig. 1). 20Xy
0.9 BAEBAEKCTRBUEL T, WET v 7 LICEED,
A= b2V —TFTTV TN ERWEL, PVA 2ERL
7o. TOPVARHRYELEL, NRELT, 0.9 %BEE
BIEKERE.

2) EREW

FEREWEAER Vv TIRASELOEA L, 2~3
kg O % =7 4 f5 15 L CERREBAIA L 7. &, KRBk X
ORGEMT I ENERIE L o7, TRTCOEEREE
BRI b DL 12 L & 7r ot REF AR L
H UL, MHHEROER LGB 11N 22RTH 5.

3 ERIEE

M WIRR, ERBESREE s £ 7 - AR50 % 5
~10 mg/kg BT, $ F Y v PRABREAERCHARL
BiEXe, B Fva—F 100 EHEFRKCHBLCHT
HEBRFM T 7. BRI, 0.4 BiEHAF> 2T m
A vEEBLE, BSY»T, BRI .

wm T

A A5 3.5mm, 1REOTIC A K~ 5 Tkl
BIO~—Fv 72T, ERAERCyvava s b
HBXRS VY DRI, Zeis 6 FFMHHEMET
T, WTFEBIOBEXYBEL, 23CGERXHM L
WRICHEAL, BRTT, KEERESTRVELTS
EELT, BEEMFEY 0.5ml B3| L, EHBCHH 2
U EE[ L TR Wi PVA 0.3ml #BREETL2HHE
A L7z (Fig. 2). EREMHEEDOHBOBIILE-02—F »
KA 27 Y ARCREA BRI 2 i, D EOBIE I FiiaR s

y-ray
HOCH SHGO HOC C
) SOH OCH HCOH
HCH HCH HCH HCH
\\“ :’/ —ﬁ \ /
HOC 'HH:COH HOC — COH
— VSN —~ ~
HCH HCH HCH HCH
HOCH HCOH HOGH HGOH
— ~_ ~ ~—
HCH HCH HCH HCH
~N -~ ~ ~
PVA Solution PVA Hydrogel

[ A
"5%)2@

Fig. 1. Preparation of PVA hydrogel.

Infusion

Fig. 2. Operation method.
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Table 1. Clinical findings in right eyes of monkeys, 16 weeks after substitution

Animal Conjunctiva Cornea Anterior Iris Lens Vitreous Changes along
number chamber body the vessels

1 — K.P. — synechia — 4+ *

2 — — — — — 0 2+

3 — — — — — 1+ 3+

4 - — - — — 2+ 2+

5 — — — — — 1+ 2+

6 — — - — — 0 2+

7 — — — — — 1+ 3+

8 — — — — — 0 1+

9 — — — — — 3+ 4+

10 — — — — synechia 4+ *

11 — K.P. fibrin rubeosis pigment * *

12 — — — — — 0 1+
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Table 2. Clinical changes of vitreous in monkey eyes substituted PVA for vitreous (R-eyes)

Animal After operation 9 4 3 12 16 weeks
number 3 days 1
1 1+ 1+ 2+ 2+ 3+ 4+ 4+
2 0 0 0 0 0 0 0
3 0 1+ 1+ 1+ 1+ 1+ 1+
4 0 1+ 1+ 1+ 2+ 2+ 2+
5 0 1+ 1+ 1+ 1+ 1+ 1+
6 0 1+ 1+ 1+ 1+ 0 0
7 0 0 1+ 1+ 1+ 1+ 1+
8 0 0 0 0 0 0 0
9 1+ 1+ 1+ 0 1+ 1+ 3+
10 1+ 1+ 1+ 1+ 2+ 2+ 4+
11 1+ 1+ 1+ 2+ 4+ * *
12 0 0 0 1+ 1+ 0 0

Grade of vitreous opacities
0 No opacities

1+  Few scattered, fine and coarse opacities. Fundus clearly seen

24+  Scattered fine and coarse opacities but fundus somewhat obscured (20/40 to 20/60 view)

3+  Many opacities with marked blurring of fundus (20/80 to 20/200 view)

4+  Dense opacities prevent a view of the fundus Grade and extent of retina and posterior preretinal vitreous opacities

of monkey’s eyes

GRADE
0 No opacities

1+ Few scattered punctate vitreous opacities along peripheral preretinal vessels
2+  Scattered macular vitreous opacities along peripheral preretinal vessels

3+  Many vitreous opacities with more extension to posterior preretinal vessels
44  Lineal or massive vitreous opacities along posterior preretinal vessels

EXTENT

0 No opacities

1 Opacities less than one quadrant

2 Opacities from one quadrnt to two quadrants

3 Opacities from two quadrants to three quadrants
4 Opacities from three quadrants to four quadrants

* Unable to determine

Hogan, M. H., Kimura, S. J. and Thygeson, P. : Am. J. Ophthalmol. 47 : 155, 1959. X b 5|
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Table 3. Clinical changes of retina and posterior vitreous in monkey eyes substituted PVA for vitreous

Animal After operation 1

(3]

No. 3 days

1 grade 0 0 1+
extent 0 0 1
2 0 0 0
0 0 0

3 0 0 1+
0 0 0
4 0 0 0
0 0 0
5 0 0 0
0 0 0
6 0 0 0
0 0 0

7 0 0 1+
0 0 1
8 0 0 0
0 0 0

9 0 0 1+
0 0 1

10 0 0 1+
0 0 2

11 0 2+ 3+
0 1 4
12 0 0 0
0 0 0

4 8 12 16 weeks
3+ 3+ * *
4 4 * *
0 1+ 2+ 2+
0 1 4 4
0 2+ 3+ 3+
1 1 3 3
1+ 1+ 2+ 2+
1 1 3 3
1+ 1+ 2+ 2+
1 4 4 4
1+ 1+ 1+ 2+
1 3 4 4
1+ 1+ 2+ 3+
1 4 4 4
1+ 1+ 1+ 1+
2 2 1 1
2+ 3+ 4+ 4+
4 4 4 4
2+ 2+ 3+ *
4 4 4 *
4+ * * *
4 * * *
1+ 1+ 1+ 1+
1 2 4

Table 4. Histological changes in the right eyes of
rhesus monkey after PVA injdction

Histological Animal No.
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. Photograph of anterior segment at 12 weeks after operation in the right eye of No.

. Peripheral fundus photograph of No.

. Fundus photograph of No.
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Explanation of figures

. Photograph of anterior segment in the right eye of No. 10 monkey at 12 weeks after operation. The

anterior photograph shows irregular pupil margin because of synechia anterior of iris and also shows

rubeosis iridis.

. Photograph of anterior segment at 4 weeks after operation in the right eye of No. 11 monkey. The

anterior photograph shows keratic precipitates at the center of cornea.
11 monkey.
Anterior photograph shows keratic precipitates and cornea is somewhat blurred for high intraocular

pressure.

. Photograph of anterior segment at 16 weeks after operation in the right eye of No. 11 monkey. The

anterior photograph shows fibrin exudate in anterior chamber and rubeosis iridis.
3 monkey in the right eye. The fundus photograph shows
preretinal pearl ring vitreous opacities along the peripheral vein and perivascular exudates, but

fundus is clearly seen.

. Posterior fundus photograph of No. 3 monkey in the right eye. Posterior fundus is clearly seen, but

there are perivascular small exudates along the superior temporal vein.
5 monkey in the right eye. The fundusphotograph shows preretinal

punctate and macular vitreous opacities along the peripheral vessels.

. Fundus photograph of No. 7 monkey in the right eye. Many different sized vitreous opacities are seen

at the posterior retina.

. Fundus photograph of No. 15 monkey in the right eye. The fundus‘photograph shows the preretinal

snow ball vitreous pacities along the peripheral vein.
Fundus photograph of No. 9 monkey in the right eye. The fundus photograph shows the severe
preretinal pearl ring vitreous opacities along the peripheral vessels and perivascular exudates. The

fundus was obscured for diffuse vitreous opacities.
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5.

11.

12.

13.

14.

15.

16.

Histological picture of extra-sclera at the side of cilialy body, showing granuloma with foreign body
giant cell. animal No. 11. right eye(HE stain, x 200)

. Intra and extra-sclera, showing infiltration of lymphocytes and plasma cell. animal No. 10. right eye

(HE stain, x200)

. Base of ciliary body showing edema with infiltration of lymphocytes and plasma cell. animal No. 8.

right eye(HE stain, x200)

. Iris showing edema with infiltration of neutrocytes, plasma cells and lymphocytes. animal No. 11. right

eye(HE stain, x200)

. Magnification of Fig. 8. (HE stain, x400)
10.

Histological picture of pigment epithelial layer, and rod and cone layer, showing focal lymphocyte
infiltration and decrease of outer nuclear layer. animal No. 6. right eye(HE stain, x100)
Perioheral vitreous showing infiltration of fibrin and lymphocyte. animal No. 2. right eye(HE stain,
x200)

Histological picture of retinal surface, showing granuloma with focal infiltration of lymphocyte.
animal No. 6. right eye(HE stain, x 400)

Histological picture of retina, showing enlargement and lymphocyte infiltration of capillaly. Retinal
surface showing granuloma with large amount of lymphocyte infiltration animal No. 8. right eye(HE
stain, x 100)

More granuloma formation with lymphocyte infiltlation was seen on the retinal surface. Destruction
of outer nuclear layer and disarrangement of inner nuclear layer were seen. animal No. 12, right eye
(HE stain, x 200)

Granuloma was observed on the retinal surface, and more disarrangement of inner and outer nuclear
layer was seen. Both inner and outer nuclear layer were edematous. animal No. 12, right eye(HE
stain, x 200)

Optic disc, showing adhesion of granuloma. animal No, 12, right eye(HE stain, x 200)
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