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AIM: To study potent and nomtoxic agents to
inhibit fibroblast proliferation. METHODS:
Fibroblast-like comeal and conjunctival cells
were cultured and inhibited by interleukin-1
(IL-1) blockers, dihydropyridazino-pyridazines
CK-119 and CK-122. The cell growth and
syntheses of DNA, RNA, and protein after I1-1
blocker incubation were determined .
RESULTS: CK-119 and CK-122 inhibited cell
growth of comneal fibroblast at 30 mg+ L™ or
higher whereas conjunctival cells were inhibited
at a concentration as low as 3 mg-L~!. DNA
and RNA syntheses in comeal fibroblasts were
markedly inhibited by CK-119 and CK-122
whereas protein synthesis was either unaffected or
mostly enhanced at 30 — 100 mg-L~! and 100 —
300 mg'L™!, respectively. Similar results were
obtained in conjunctival cell eultures by CK-119
and CK-122 at 3~ 10 mg -L~! and 30 — 100 mg
‘L', respectively. CONCLUSION: CK-119
and CK-122 are potent IL-1 blockers to inhibit
cell growth of fibroblast-like cormeal and
conjunctival cells mainly through the inhibition of
DNA and RNA syntheses but not protein

synthesis .

The effectiveness of imterleukin-1 receptor
antagonist (IL-lma) for treatment of numerous
inflammatory diseases'! ) triggered a search of a
new class of non-stervidal anti-inflammatory drugs
( NSAID ) other than aracidonate metabolite
inhibitors'®~8) . Since IL-1ra is an effective but
unstable peptide with T~ of only 21 min, stable
chemicals with a longer duration of action are
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and Toxicology ,
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soughttg' 13) | Dihydropyridazino-pyridazine der-
ivatives CK-119 and CK-122 are potent IL-1
blockers to inhibit posterior uveitis induced by
intravitreously injected IL-19% . IL-1 blockers
were exiremely safe to be used systemically with
IDj; >25 g kg™ ' po and therapeutic index
(ILDsy/EDg;) = 1000. Numerous drugs such as
mytomycin C, 5-fluorouracil, etc, have been
used in the clinies to prolong the functional
period of aqueous humor drainage cannula created
in the filtration surgery (trabeculectom}')[u 5]
Unfortunately, all these agents are quite toxic to
induce serious side effects. Since IL-1 blockers
showed a very high therapeutic index, they
should be able to replace these agents to produce
better efficacy and safety.

Surgical injury results in inflammation and
fibroblast proliferation which are stimulated by
IL-1, therefore, IL-1 blockers are useful in
prolonging the functional period of passage
cannula created by filiration surgery ( irabecu-
lectomy) in low-tension glaucoma or close-angle
glauc«:)irn.aals'.[14 183
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mp 149 — 150 C, soluble in MeOH, EtOH, CH,CY,

CE-122, CnHpN,Oy (382.38)
mp 159 - 160 °C, soluble in MeOH, EtOH, CH(},
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To understand the effect of IL-blockers on
fibmoblast proliferation, a study of CK-119 and
CK-122 on  fibroblast-like  cormmeal and
conjunctival cells in the cell culture were carried
out. Further, to elucidate the mechanism of cell
growth inhibition, effects of these compounds on
the syntheses of protein, mRNA, and DNA were
also investigated .

MATERIALS AND METHODS

Materials CK-119 and CK-122 were
synthesized!! - *) | Hyamine hydroxide, (a cell
solubilizer ), CytoScint scentillation cocktail
[*H]leucine 4477 TBq * mol~!, [°>H]uridine
1628 TBq- mol ~' and [*H Jthymidine 2368 TBq
mol ~! were purchased from ICN Radiochemicals
(Irvine CA). FEagle’s minimum essential
medium ( MEM), Medium 199, and antibiotic-
antimycotic { penicillin G 10 MU-L™!, strepto-
mycin sulfate 10 g-L~', and amphotericin B 25
mg * L™!) were obtained from Grand Island
Biological Co { Grand Island NT). Me;SO and
fetal bovine serum were purchased from Sigma
Chemical Co (St Louis MO}. All solutions of
the CK-compounds were prepared in pure Me, SO
and then diluted in the culture medium. Equal
amounts of Me,SO were used as a control
vehicle. The final concentration of Me;SO in the
cell culture was 1 % .

Cell cultures SIRC cells, a stable fib-
roblast cell line derived from rabbit comea, were
obtained from American Type Culture Collection
( Rockvile MD ). Cells were grown in
monolayer in 75-cw’ flasks in MEM  with
glutamine supplementation plus 10 % fetal
bovine serum, benzylpenicillin 100 kU - L7,
streptomycin 100 mg+«L~', and amphotericin B
0.25 mg-L™!. The cultures were kept at 37 °C
in a 100 % humidified chamber of 5 % CO, +
95 % air, and the medium was changed every 2
-3 d. Cells reached confluence in 6 d and
were replaced by trituration with 0.2 % trypsin
plus edetic acid in MEM.

Clone 1 — 5¢ — 4 Wong-Kilbourne derivative
(D) human fibroblast-like conjunctival cells were
purchased from American Type Culture Collection
(Rockville MD). Cells were grown in mono-
layer in 75-cm® flasks in M199 with Hanks’ salts
and [L-glutamine supplementation plus 10 %

fetal bovine serum, benzylpenicillin 100 kU
«L~!, streptomycin 100 mg *L~!, and ampho-
tericin B 0.25 mg+L~'. The cultures were
incubated at 37 C in a 100 % humidified
chamber in the air atmosphere, and the medium
was changed every 2 — 3 d. Cells reached
confluence in 6 d and were replaced by trituration
with 0.25 % trypsin plus edetic acid in Hanks’
batanced salt solution { HBSS) .

Measurement of cell proliferation For
cytotoxicity stdies, cells were harvested and
diluted with MEM to 2 x 10° comeal cells* L™’
and M199 to 3 x 10° conjunctival cells * L-'.
They were seeded (3 mL) in 6-well culture
dishes for 24 h for comeal cells and 48 h for
conjunctival cells. The CK-compounds or the
vehicle were then added to the dishes. Cells
were allowed to grow with the CK-compound-
containing medium for 24, 48, and 72 h for
comeal cells or 48, 72, 96, and 120 h for
conjunctival cells. The viable cells were
counted at each time point. The cells were
triturated with 0.2 % trypsin plus edetic acid
and then counted using a hemocytometer. Cell
viability was determined by the exclusion method
with 0.4 % trypan blue.

Measurement of *H incorporation For
viability studies, cells were cultured in 6-well
dishes for 24 h for comeal cells and 48 h for
conjunctival cells in the absence of CK-
compounds. The CK-pounds and vehicle were
then added to the dishes. At the end of 24, 48,
and 72 h for fibroblast-like comesl cells or 48,
72, 96, and 120 h for conjunctival cells, 6
dishes were triturated for cell counts using a
hemocytometer, and cell viability was determined
with the trypan blue exclusion method. Other
dishes were given [*H]leucine ( 18.5 MBq
*L~?, 4477 TBq-mol '), [*H]uridine (1.85
MBq -L-', 1628 TBq*mal ') or [*H]thymid-
ine (18.5 MBq -L™', 2368 TBq * mol~').
Cells were incubated with the isotopes for 6 h.
The cell medium was decanted; the cells
adhering to the dish were washed with cold
phosphate-buffered saline (PBS) thrice and were
solubilized with 0.8 mL of hyamine hydroxide
solubilizer to rlease the incorporated radio-
activity. A 0. 2-mL aliquot of dissolved cells
was transferred to 5 mL CytoScint counting
solution, and the radicactivity was counted with a
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Beckman LS 5000 CE Beta counter.

Data analysis All data were presented as
x+s. The number of viable cells was
determined and the syntheses of DNA, RNA, or
protein were expressed as Bq/10° cells per 6 h.
Statistical analyses utilized f-test and two-way
ANOVA.

RESULTS

When fibroblast-like comeal cells were
incubated with CK-119, the cultured cell growth
was inhibited with concentration-response rela-
tionship as 30, 100, and 300 mg*L~!(Fig 1).
CK-119 was not a cytolytic compound as the cells
were growing at a slower rate but were not dead.
CK-122 showed similar inhibition results though
much less potent than CK-119 at the same
concentrations used (Fig 1).
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10-5 x Number of viable cells

Timesh

Fig 1. Effects of CK-119 amd CK-122 on fibroblastic
comeacells, n=6 wells, Txs. "P>0.05 "P<0.05,
"P<0.01 v corresponding controls.

When conjunctival cell cultures were
incubated with CK-119, marked inhibition of cell
growth was seen at concentrations 1710 those of
CK-122 (Fig2). Conjunctival cells were
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Fig 2. Effects of CK-119 end CK-122 on conjumctival

cels,. 7 =06 wells, = 5. "P>0.05, "P<0.05,
“‘P< (.01 vs corresponding controls.

inhibited effectively by CK-119 3, 10, and 30
mg* L.~ whereas comeal cells required CK-119
30, 100, and 300 mg*L~! to achieve the same
degree of inhibition (Fig 1, 2).

When CK-119 was incubated with fibro-
blast-like comeal cells, it inhibited thymidine
(DNA synthesis) and uridine { RNA synthesis)
incorporation markedly at 30 and 100 mg-L™",
DNA synthesis was inhibited 74 % — 9% % at 30
and 47 % - 83 % at 100 mg-L~'. In case of
RNA synthesis, it was inhibited 60 % — 89 % at
30 mg-L™" and 40 % - 80 % at 100 mg* L™,
On the other hand, protein synthesis was
unaffected or slightly increased by 15 % at both
30 and 100 mg+ L', These results indicated
that cell growth inhibition caused by CK-119 was
mainly due to inhibition of DNA and RNA and
was unrelated to protein synthesis (Tab 1).

Similar results were obtained when
fibroblast-like comeal cells were incubated with
CK-122. At 100 mg- L', DNA and RNA
syntheses were inhibited 64 % - 80 % and
74 % - 78 %, respectively. At 300 mg-L~!,
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DNA and RNA syntheses were inhibited 73 % —
85 % and 82 % — 93 %, respectively. On the
other hand, protein syntheses were enhanced up
to 45 % . indicating that, again, cell growth
inhibition by CK-122 was caused mainly by the
inhibition of DNA and RNA synthesis but not
related to inhibition of protein synthesis {Tab 1) .

Fibroblast-like conjunctival cells were much
more sensitive { approximately 10-fold difference)
to CK compounds inhibition than comeal cells
(Tab 2). At 3 mg*L~'of CK-119, DNA and
RNA syntheses were inhibited ¢ % — 61 % and
40 % — 48 % ., respectively, after 72 - 120-h
incubation. At 10 mg- L™'of CK-119, DNA
and RNA syntheses were inhibited 71 % - 77 %
and 73 % - 81 %, respectively after 72 — 120-h
incubation. Protein synthesis was only slightly
inhibited (8 % - 14 % ) by CK-119 after 120-h
incubation but in all other time points, protein

syntheses were either unaffected or markedly
enhanced by CK-119 up to 48 % (Tab 2)}.

Similar resuits were obtained with CK-122
on fibroblast-like conjunctival cell inhibition.
At 30 mg-L~', DNA and RNA syntheses were
inhibited 34 % - 64 % and 60 % - 76 %,
respectively. At 100 mg>L~!, DNA and RNA
syntheses were inhibited 45 % - 92 % and
87 9% - 95 % . respectively (Tab 2). Protein
synthesis was unaffected at 48 h and 72 h but was
increased 21 % - 30 % at 96 h and 120 h at 30
mg*L~'. At 100 mg-L""', the protein synthesis
was increased 24 % at 48 h, suppressed 19 %
—35 % at 72 - 96 h, and unaffected at 120 h
after incubation (Tab 2 ). These results
indicated that inhibition of conjunctival cell
growth was similar to that of comeal cell
inhibition via DNA and RNA syntheses but not
protein synthesis.

Tab 1. Effects of CK-119 anat CK-122 on incorporation of thymidine, uridine, and lencine into fibroblast-like corneal cells.
A: 3329 Bg/10F cells, B: 84+ 7 Bq/10° cells, C: 22.2x 2.3 Bq/10° cells; D: 9.91 1.8 Bq/10° cells, E: 78+ 3 Bg/10° cells,
F: 14.8: 0.9 Bg/10° cells. "P>0.05, "P<0.05, “P <0.01 »s control.

H incorporation’ % (n =6 wells, % x 5)

g Thymidine Uridine Leucine
mg- L~} 24 h 48 h 72h 2 h 48 h 72 h 24 h 43 h 72 h
CK-119

0 100 1008 100% 100° 100P 100P 100° 100 100¢

30 9.5:2.0° 26:3F 25.4:2.5 10.9+1.0° 18.4x1.3 38x+3F 101 = B° 115+ 6P 9% + 67

100 173 46 + 12° 531 5" 20+ 3¢ 41 %3¢ 60 + 4° 109112 11525 99 + 9"
CK-122

0 100" 1007 1007 1008 1008 1008 1007 100F 100F

100 627" M3 19.6x2.3 21.6+1.3F 26.4:1.3 25.9:2.0° 139z 6 103 & 5° 91 & 40

300 14.622.0¢ 17z4° 26 % 5¢ 6.8:0.3 7.8:1.0° 17.8+1.3 144x10° 1137 14029
Tab 2. Effects of CK-119 anl CK-122 on incorporation of thymidine, uridine, and lencine into confunctival cells.
A:4.020.6 Bg/10° cells, B: 41 4 Bg/10° cells, C: 11.0+0.7 Bg/10° cells; D: 3.22 0.5 Bg/10° cells,

E: 41.91 2.8 Bg/1{F cells, F: 10.7 1+ 1.1 Bq/10° cells, *P>0.05, P <0.05, P <0.01 »s control.
'H incorporation/% (n =6 wells, % = 5)
m':j"f’_’l Theymidine Uridine Leucine
48h 72h 95 h 120 h 48 h 72 h % h 120 h 48h 72h 9%h 120h
CK-119

0 1004 1ot 1004 1004 1007 1007 100° 100° 1005  100¢ ot 100t
3 00+12* 91£12*  E7Tx11° x4t 90+ 7 591+5° x4 52£5° 14848° 107+10* 123+6° 91.5:2.5b
10 26 293+2.0° 27" 23265 22.5$2.3° 27:4 19.2:1.5521.622.3° 116+4° 96467 106+6° BH+6°
CK-122
0 1007 1007 1007 1007 1008 100F 108 1008 100f  100F 1005 100F
M a7 36£3° 65418 46+T 23.8+2.5 M0+2.5 38.022.0° 4025 100+8° 10624 130213 12117
100 55:10° B.5+£1.5° B.141.3°22.2+2.8° 5.2:0.8° 6.0£0.5 58:0.5 12.9£1.5° 12428° 65+4° §l+6° 11227



http://www.cqvip.com

- 308 - BIBLID: ISSN 0253-9756

Acta Pharmacologiea Sinica 7 Bl #2338

1958 Jul; 15 (4}

DISCUSSION

There are a large number of narrow-angle or
close-angle glaucoma patients who need filtration
surgery 1o drain the excess aqueous humor. The
major reason of failure in filration surgery is the
blockade of drainage cannula by fibroblast
proliferation and scar formation. There are
several steps where medical interventions can be
made to inhibit fbroblast proliferation, scar
formation, and/or subconjunctival and bleb
fibrosis™). Inflammation  suppression and
fibroblast growth inhibition are two major steps
selected for prolonging the functional period of
drainage cannula created during the filtration
surgery.  Since IL-1 blockers inhibit both
inflammation and fibroblast proliferation, they
probably are the agents of choice for improving
the success rate [of ﬁ]]tratlon surgery in the
14,15

glaucoma treatment
CK-119 and CK-122 are potent anti-

inflammatory agents to suppress posterior uveitis
induced by intravitreal injection of IL-1933,
Therefore, these CK-compounds could improve
the filtration surgery success rate through their
anti-inflammatory actions

CK-119 and CK-122 were also found to have
potent inhibitory actions on fibroblast-like comeal
and comjunctival cells in this study. These
compounds were 10 times more potent to inhibit
conjunctival cells than comeal cells. For the
purpese of improving filtration surgery, the drugs
are given with subtenon’s injection to inhibit
fibroblast-like conjunctival cells rather than
comeal cells. Therefore, drugs more potent to
conjunctival cells than comeal cells are much
more useful as the effective doses giver can act at
conjunctiva without affecting comeal cells.

The mechanisms of cell growth inhibition by
CK-119 and CK-122 seem to be related to the
inhibition of DNA and RNA syntheses and are not
related to protein synthesis inhibition in the
fibroblast-like comeal and conjunctival cells.

In conclusion,
potent agents to inhibit inflammation”"® as well as
to suppress cell growth of fibroblast-like comeal
and conjunctival cells. Therefore, they could be
used to improve the success rate of drainage
cannula created by filration surgery in narrow-

angle and/or close-angle glaucomas.

CK-119 and CK-122 are -
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