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Glucocorticoids (GC) have been widely used as a therapeutic drug for various diseases. However, there are many
complications of GC therapy including cataracts. In a series of studies to elucidate the actions of GC using 15-day-old
developing chick embryos, we found that GC produced hyperglycemia, hyperlipemia, osteoporosis, and cataractous
lenses with a high incidence (>90%) within 48 h. Cataract formation is caused by oxidative stresses, probably derived
from GC effects on the main target organ, the liver, and can be prevented by radical scavengers including ascorbic acid,
and insulin. Ascorbic acid does not inhibit the inflammatory and immunosuppressive effects of GC. Therefore by
analyzing and decreasing risk factors producing side effects, it will be possible to improve GC therapy without the loss of

GC activity.
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Fig. 1. GC-induced Cataract Lens

Lens was isolated from chick embryo 48 hrs after the administration of
HC on day 15 and prepared for morphological studies as described in
paper.2V Middle: by light microscope, Bottom left: by transmission electron
microscope, Bottom right: by scanning electron microscope.
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Table 1. Cataract—Producing Effects of Steroids in Developing Chick Embryos

(Dopae,  Tomen  Antinfammator

Glucocorticoids

Hydrocortisone 1
0.25 8/10

+RU486 0.25 0/10

Prednisolone 3.5—4
0.25 9/10

+RU486 0.25 0/10

Dexamethasone 25—30
0.01 7/10

+RU486 0.25 0/10

Betamethasone 25—30
0.05 9/10

Cortisone 0.8
1 2/10

Mineralocorticoid

Aldosterone 0.25 0/10

Androgen

Methyltestosterone 0.25 0/10

Estrogen

Estradiol 0.25 0/10

Ethinylestradiol 0.25 0/10

Progestins

Progesterone 0.25 0/10

19-nor-ethisterone 0.25 0/10

Each steroid at the indicated dosage was administered to ten 15-day-old developing chick em-
bryos. At 48 hr after steroids administration, the lenses were classified from I to IV—V. Data were
expressed as number of embryos with stage IV+V lenses/10 embryos.?? Data from RU486 treat-

ment were described in the paper.28:29
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Alteration of Glucose and Lipids Levels in Serum of Developing Chick Embryos after HC Administration

Glucose, non-esterified fatty acids (NEFA), triglyceride and total cholesterol in serum were determined at the indicated day after the administration of HC on

day 15 as described in paper.2

Table 2. Effects of Treatment of HC Alone and with Anticataract Agents on the Several Components in Lens, Blood and Liver of De-

veloping Chick Embryos

a) Lens b) Lens (I—V) mixed ¢) Blood d) Liver

I II I 1Iv—v GSH Glucose TBARS Glucose TBARS TBARS GSH ATP

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

Control 100 0 0 0 100 100 100 100 100 100 100 100
HC 0 0 10 90 52.9 1500— 130— 200 680— 780— 64.7 62

2500 152 878 846

+ RU48628:29 100 0 96 ND 98 ND 250 200 105 ND
+ Insulin2® 86 2 5 88.6 225 105 53 110 215 92.6 116
+ Thyroxine3¥ 88 9 100 ND 105 55 133 291 74 85
+ Ascorbic acid45:59 52 4 18 26 60 61.5 110 ND 248 260 64.6 ND
+PQQsY 60 10 30 0 85 ND ND ND ND ND 107 ND

Agents were administered to 15-day-old developing chick embryos after the treatment of HC (0.25 umol/egg). a), b) At 48 hr after HC treatment, lenses were
classified from stage I to IV—V, and their GSH, glucose and TBARS amounts were determined as described in papers. ¢) At 48 hr after HC treatment, glucose
and TBARS were determined as described in papers. d) TBARS at 48 hr and GSH and ATP at 24 hr after HC treatment were determined. All data were expressed

as % of control calculated from data of papers.
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Fig. 3. Action Sites of GC and Insulin in Glucose Metabolism
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Table 3. List of Agents Showing Preventive Effects on GC Induced Cataract of Developing Chick

Embryos

Agents Total dose (//?mol/ embryo) AverageBof stage AXB
Control 1
HC alone 3.9
+ Insulin® 0.13 1.3 0.17
-+ Thyroxine3¥ 0.03 1.3 0.04
+Isocitrate3? 45 1.3 58.5
+ Propylene glycol® 4500 1.3 5850
+PQQsY 7.5 1.7 12.8
+ Ascorbic acid’® 60 2.2 132
+SA34435 20 1.8 36
+SA34415% 20 2 40
+ Tiopronine’? 40 2.2 88
+ Cysteamines? 40 2.6 104
Ineffective
+Ergothioneine’? 40 3 120
+ Cysteamine’? 5 3.5 17.5
+ Glutathiones? 40 3.8 152
+o0x Glutathione’? 20 3.3 66

Agents were administered as indicated in papers after the administration of HC (0.25 umol/egg) to 15-day-old develop-
ing chick embryos. At 48 hr after HC treatment, lenses were classified from stage I to stage IV—V. Average of stages were
calculated by scores of 1 (stage 1), 2 (stage II), 3 (stage III) and 4 (stage IV—V).
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Fig. 4. [Effects of HC on TBARS Level of Liver, Blood and Lens of Developing Chick Embryos after HC Administration
TBARS in liver, blood and lens were determined at the indicated time after the administration of HC on day 15 as described in paper.$3—49
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Fig. 5. Alteration of Glutathione Level in Lens and Liver of Developing Chick Embryos after HC and BSO Administration

Open circle and square: HC (Hydrocortisone succinate, 0.25 umol) was administered on day 15. Closed circle and square: BSO (Buthioninesulfoximine, 30
umol) was administered on day 14 and 15. Methods were described in paper.3346
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Fig. 6.
Unpublished data.3®
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Fig. 7. Proposal Mechanism of GC-induced Cataract Formation of Developing Chick Embryo
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Fig. 9. Effect of Ascorbic Acid on Inflammatory Activity of GC

Effects of dexamethasone (20 ug) alone, and ascorbic acid (10 mg) and dexamethasone on the ear-inflammation of mice produced by arachidonic acid (125

ug) (were examined unpublished) .
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