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The Effect of Quinolyl Piperazine Phosphate on the Silicotic Rats
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Backgrounds : The goal of drug therapy in pneumoconiosis is to inhibit the progression of pulmo-
nary fibrosis related to a toxic effect of the inhaled substance. Although there have been many studies
on the therapy of pneumoconiosis, it is still elusive. Quinolyl piperazine phosphate (QP), a derivative
of chloroquine, is less toxic, more effective, and longer action than chloroquine. This investigation
was performed to examine the effect of the quinolyl piperazine phosphate in silicotic rats.

Methods : The silica group was administered intratracheally by 40 mg free silica dust with 0.5 m}
normal saline, and the QP group was orally administered QP 10 mg per week after free silica
instillation. The animals in the silica group and the QP group were killed at the 1st, 3rd, 8th and 20th
week after free silica instillation. We observed the total cell count in bronchoalveolar lavage fluid,
luminol-dependent chemiluminescence by viable alveolar inflammatory cells, the dry weights and the
amount of hydroxyproline in the left lung and the histopathologic examination in the right lung.

Results :

1) The total number of cells of bronchoalveolar lavage fluid in the QP group tended to be decreased
in comparison with the silical group. But, It was not significant.

2) Luminol-induced chemiluminescence by viable alveolar inflammatory cells in the QP group was
similiar to that in the silical group.

3) The dry weights in the left lung at the 3th and 8th week in the QP group were significantly
decreased compared to the silical group.

4) The total amount of hydroxyproline at the 3rd week of the QP group were significantly
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decreased compared to the silical group. In the silica group, the total amount of hydroxyproline was
significantly increased at the 3rd week compared with the 1st group. But, in the QP group, it was

significantly increased at the 8th week.

5) In tissue pathology, the infiltration of inflammatory cells around bronchiole, and the number and
the size of silicotic nodule in the QP group were similar to the silica group. But, the extent of fibrosis
is less than the silica group. Especially we observed progressive massive fibrosis which located in the
periphery in 3 cases among the silica group, but couldn’t observe in the QP group.

Conclusions : QP doesn’t significantly suppress the pulmonary fibrosis consequent to the intratra-
cheal instillation of free silica dust, but delay the progression of fibrosis.
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Table 1. Number of Animals Used for the Experiment

Durations (wks)

Group Total
1 3 8 20
Saline 8 - - - 8
Silica 40mg 6 9 6 6 27
Silica 40mg +
QP 10mg/wk 6 6 6 6 24
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* p <0.05 : compared with saline group in the same
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Fig. 1. The total cell count and differential count in
bronchoalveolar lavage fluid in each group.
*P<0.05: compared with the saline group.
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Fig. 2. Spontaneous chemiluminescence and PMA-induced
chemiluminescence by viable alveolar inflammatory cells in
each group.
*P<0.05: compared with the saline group.
*P<0.05: compared with the silica group.
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Table 3. Histopathologic Finding of the Lung

Inflammatory cell

Group 0b§ervat|on infiltration Silicotic nodule Fibrosis Number of PMF case
period {wks) .
around bronchiole
Saline 1 — — - 0
Silica dust 1 + + — 0
3 ++ + 0
++ ++ ++ 1
20 ++ ++ o~ bt ++ o~ 2
QP 1 + + - 0
3 ++ + £~ 0
++ ++ + o~ 0
20 ++ ++ ++ 0
PMF : progressive massive fibrosis.
Grade : +;mild, ++;moderate, +++ ;severe
6, 1.8u 7} F718ldar, Al7kel Adel whel hydroxy-

8 (mg) M saline
i 1 sitica
L Silica » QP

o 2 = 3 Z
1 3 8 20 (weeks)
Fig. 4. The amounts of hydroxyproline of left lung in
each group.

*P<0.05: compared with the saline group.
“P<0.05: compared with the silica group.
*P<0.05: compared with the 1st week in each
group.
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Fig. 5. Right. The silica group at 8th week after free silica instillation

(hematoxylin-eosin,

x20). Left. QP group at 8th week

(hematoxylin-eosin, x20). The infiltration of inflammatory
cells around bronchiole, and the number of the size of silicotic
nodule in the QP group were similar with the silica group.

Fig. 6. The silica group at 20th week after free silica instillation.
Right (hematoxylin-eosin, x100), left (Masson’s trichrome
stain, x100). We can find several coalescent collagenous

silicotic nodules.
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Fig. 7. QP group at 20th week. Right (hematoxylin-eosin, x100), left

(Masson’s trichrome stain, X 100). The extent of fibrosis is less

than the silica group.

B-aminoprotionitril (BAPN), polyvinyl piridine-N-
oxide (PVNO), cyclophosphamide, steroid 2|1
tertradrine (bis-benzyl isoquinoline) & A% %%
32 AAF Sl A Fof B0 A m 3l o), 23
Sl Z|EatE A AREE dAsRE £33
ot webd dAY ASF BRo)A oA R TET
Aol e iEA 28 o PHF 28l axa Ye
FFolth, 19714 Dotschovskit htalz]o} opA|al
chloroquine phosphates- 86% ] AsZE 3xlol] Fof
ste] T4 3HE A 4R FA AF 3ol Ba
3k, 19733 FFolA chloroquine? =424
chloroquine® c} #-&A|7ko] Zx, FApgLo] 2How,
Afrgte] oA FHo] ¥ 43 quinolyl piperazine
phosphate (C, H;,CL,N; - 4H,PO,: QP) & 7at3}led A
HAF A A A Fo 7t Al 2x5]o] glom FFolAe o] o
Al§ “anti-silicosis 14” 2tz ¥-=231 it}

A A% 24 ARl ol FYHD FelFA
£AE AZRAAEA AN 2T Abo] A 24
ol HAAZE g 5lo] fejfake Axes &
H 3 FelF Feltake ohE diAl Al 2ol o sled A
A A go] ), ojeld Arlel FHAolA A
2 AZAYA L 59 FL 235} ol Fol A2 5}
H TN el S ] THAFE Al
€ Aoz d8A sioh 28y, AHS AN ez

p
AAZ 7104 A4ER
il

T AlFRel ofated LAl F4 Hge] A o
Zo] A7 Z7)oll= 7| AAHZ A Mol Q=4 W
T2 47t WA E Fobsln, olF 2FTY vl 70%
E dAqk sk A ql WeleA] wshe dibd o 2 Sl
A etk 2, frEiale] 2250 wl$ olg
HZPFo| gl TEA A o Fol W dhs AL o
218 HExzho] x&EH o2 FA 7] wlfolatn sty
t}29-20 - Brown¥g (1991)22" 234 <¢zlel TiO,ot
FAE 7B ARl FE AR o] &3 Ay A at )=ty

7
4 wEelzt sislet, & A s ZAAAZ AA
) FFA 2 FFE Al AAFTolA HlEted f2
AL FAT 1FACl 4387 Fotetda, 207l %
2947k S7tslof Qlo} el AEH oz FAHE B
oAFgleh, QP FoigollAE 1540l 71344 A2 43
A AFAEY Fo7t AAdeTe 31He)glx,

— 119 —



2054 & 18w o]l o) f-2l At FoFe] FA| Z 4o
u]dlod B AlEhA gl f-o3 Afolsb i, A Lo
A% felitat Fod 70 A vh 2997382 gle A
2.2 A7E
Allens (1972)-2%2 3777} AlgE 24 of 3%
T-2] respiratory burst A|7]ol] AAE = wW-E Hgog
ZA3gich S84 A0l U A HE o2 A7
= Sehibge] Axe AR A7 539 AFs} 5
2 Juminol-& W3] FEF FFA7l= 2Lo| 3
7] afgoll o] & 0|83l Wt a7H o wige] Ax
§ EA4E 4 gicka 35k, £ Ao 4% ljuminol
ZA3sle] QP7L E4i8kE A2
ZALE A A7le HEFE A5l Bglon,
QP FolFol Aol Azl ety 439 PMA =}
Soll ol shabit3e] A Fel Ak FodFol A B
] 71 425 29k QP= & o T34 A
HZFe ARA2A A EE T e Al ZA 2 2E7]A
o tdlede A &3 A 942 Aeholvt & A7 A
2= QP7F AFAZY Aol 7]oddtA] Rl A
o2 AgHr
ey, QP7E fElarAl £Alel o3 #Ad-F-3t 2o
ulals ARE gobir] Y3t S5 23 g

ol vz o AZ&siel ul& T2} AW hydroxyproline
k& AeFale] vlmalylet, FElTAl 3 FoidolA
e yejzAstd oz 85 BAZ F 60l F 1odlA],
2057 B F 60l F 200l A A LA -v-°l A 2
@%&z—:nro 2 o)foid 44y FelAAE AL 4

9o 2 754 % A hydroxyproline?] o]
A= A n—r:"‘°ﬂ ul3le] F-oJ3HA Fobelga, A)7ke]
Aol whet HA3] F71E 2ok QP FoAFeldE
ol2 #iFAlek #u hydroxyproline ko] 42| Ad+
FolFoll v|dted g FoHE B, Al7ke] g
k2l 427} 7Moot el FolFollA B A
< FHE 2k, e BASH e 2 fodixE ¥
< Aoz velt T3 Hu(1992)2 %o} A FeH5

o4 QPe Az&}E ¥ AFolMe QP AR FolA
A& A2 F 904 A wHE #H o] F-A 9} collagen &akol
Frolgh g v £ e Afols Bgl), a9
vyl 2AdAc g 205712 A3 AFRA o= o
Fold A5 FeHAEE BHYE 4+ Q3ich waA
QP7} 817 FoFolA AR3t #4S A3 A A7)

AE Fahh AR ABE AL BE de

Aoz g, £ A4 AH FolFE ke 4
ahed G2)FAk 22 40mge 13) 7|22 Fol 3] o
ol F4 o Fol shedsinz g A FellA 2o
A& vt A el £A Fdol 93 e Fdze ‘3]——
Aoz Asdd, AHAZ IAF HHAAF #AEL

B iHol 57| A5 dosin £ &2 Z‘-Eﬂﬁl
t}2~20 o] 5 FH WAl A4 sAkeiel s

(large opacity) & F A3l #z] z4ddez+= A3
AfzAoz o|Fold A%d FoAAE P45l
o}& A A 3|44 A3} (progressive massive fibro-
sis, PMF) 2} &}, wlel4 quinolyl piperazine phos-
phate7} &l RS Fxlol] Fofd] B4AAFTo RS
ol & oA £ A A7 F YA oAFo] N3l
2% A7 L& Aotk Al 3ol HstedE
B Aol A A3 DR = guert QP FoT 20
F Fol A 19ke]7) k=l &9ivh, QP Foi2 A%
Batgo] Bl s 3 dst e E Flolvh, QP+
7134 HZ A" A A Z4 9 luminol$- o] &3 3}
kg ZAol4 BojAl wle) o] 2o HaE Y
o7l £9AE-E 28 2% ¢ Ao ez,
2HA] izt gAloke] W Foir} 37 oGl A
3 Aol o & &g el o2 JHE

2 o

ARulH : A F e THA AREREE 5FF
29 EAol o3 A R3] AYE AA Agle Aol
t}. Quinolyl piperazine phosphate (QP)+ chloro-
quined] $EAM2A A543 A 77 gv Aoz &
HA o}, webx QP7l AFA FalFel wlAE F
Z AR oA =g golrr] 4FE /‘] 3]-31‘4
uhy ; AlalAleds 0.5mlol FEFal EAe] 4
53 et & 7| =l =90 35le] HF HHAF
R, olF QP FoFollAe QP 10mg<& T‘—”]ﬂ"’a‘l‘ 7]
Eu] Fof A F 150 A 7 T3 QP Fo
£ A5 =2A4AgAR ALsgoh AeAdsTe 13
Aol 22l FErat FAE W QP FoAEE 15, 3
F, 85, 1y 205 474 =4t A 2E 4%l

c},

n]._.

— 120 —



-

1) QP FodFroll e Ag 7] 7de L‘Fﬁ? -] Tt
off ujdle] ZgaAZ ARy & A E55) 7
g 2o 23 zhol: ohgit),

2) Luminolg ©]-&3 4ol #H2 gZA29 3
i}"r}%)“t“r'?”bﬂ °9—] g kol sk gigdct,

3) #A5H =2 FAE 359} 8FA A FelFal
ool ulsle QP—‘?— ol A FrejskA Be 4%
R,

4) ] hydroxyproline o2 330l 5+
of Fofl vj3le QP FrodToll4l Ho)3iA A #4115 »
Aok Fel Al FodFe 1F:A ] v sled 35 o
hydroxyproline oo} #x3] Fr718 £H§¢ Bo}
QP FofFol A 1538l »lste] hydroxyproline %
o] "AA F717) 850l A BE g

Syelzsedd 444 QP FFE f2itat o
Tofl vlsle] A7|RAa] £49 AFAL Ag, FHAL
o g9k 27lel SlolA fAleslg oy Adfstel Hx e
Bageh 53 futal oo @ ool A g4 1)
A4 At BaEglo QP RolFolie A
 glaieh

Z & : Quinolyl piperazine phosphate (QP) = %
A EAe] Jlel ol oldl Al g8 weg
A8 A 272 E5ht A G4 7= B
22 Arg =9l

= o ¥

o
44

o

st

i
=2
=

ol =
AT

Wl

REFERENCES

1) Ziskind M, Jones RN, Weill H: Silicosis. Am Rev
Respir Dis 113:643, 1976

2) Kilburn KH, Raphael H, Warshaw BA: Irregular
Opacities in the Lung, Occupational Asthma, and
Airways Dysfunction in Aluminum Workers. Am J
Ind Med 21:845, 1992

3) Bowden DH, Adamson IYR: The role of cell injury
and the continuing inflammatory response in the
generation of silicotic pulmonary fibrosis. J Pathol
144:149, 1984

4) Mossman BT, Marsh JP, Shatos MA: Alternation of
Superoxide Dismutase Activity in Tracheal Epith-
elial Cells by Asbestos and Inhibition of Cytotoxity
by Antioxidants. Lab Invest 54(2).204, 1986

5) Vallyathan V, Shi X, Datal NS, Irr W, Castranova

V: Silicon-oxygen radicals and their role in acute
silicosis (abstract). Am Rev Respir Dis 137:404, 1988
6) Morgan WKC, Handelsman L, Kilbelstis J, Lappe
NL, Reger RB: Ventilatory capacity and lung vol-
umes of U.S. coal miners. Arch Environ Health 28:
182, 1974
7y HeE, AN Fde F¥ A S EAE, s
oo B RO 40(4):959, 1987
8 Worth G, Schiller E: Die Pneumokoniosen. Homber-
g Niederrhein: Stausen Verlag, 1954, p7
9) Schlipkdter HW, Brockaus A: Die Hemmung der
experimentellen Silikose durch subcutane Verabrei-
chung Von polyvinylpyridin-N-oxide, Klim Wschr
39:1182, 1961
$52F, 9% Cyclophosphamidert A & 19 Zoff
n) A& od &, Rl EEEL 17(1):15, 1978
11} Sjsstrand M, Absher PM, Hemenway DR, Tromb-
ley L, Baldor LC: Comparison of lung alveolar and
tissue cells in silica induced inflammation. Am Rev
Respi Dis 143:47, 1991
12) Snella MC, Venaille T, Holt PG, Rylander R: Inter-
stitial and free lung cells in acute inflammation.
Agents Actions 22:261, 1987
13} 7173}, DAl Al AR AR
37 7\ = F9lof w2 Hydroxyprolines] # 3} 7}
E o8 B0 Bt 440677, 1991
14) Stadler K, Strecker FJ: Die Entwickung des Sili-
kotischen Granulomas bei Hemmung der Kol-

10)

oo]z

Beitrage
Silikose-

lagenreifung durch A-Aminoprotionitril.
Silikose Forchung. SBd. Grundlagen,
Forchung. Ed 6:161, 1965

15} Schuyler MR, Gaumer HR, Stankus RP, Kaimal J,
Hoffman E, Salvaggio JE: Bronchoalveolar lavage
in silicosis. Lung 157:95, 1980

16) Christman JW, Emerson RJ, Graham WGB, Davis
GS: Mineral dust and cell recovery from the bron-
choalveloar lavage of heaithy Vermont granite
workers. Am Rev Respir Dis 132:393, 1985

17) Brody AR, Roe MW, Evans JN, Davis GS: Deposi-
tion and translocation of inhaled silica in rats:
quantification of particle distribution, macrophage
participation, and function. Lab Invest 47:533, 1982

18) Davis CS, Hemenway DR, Evans JN, Lapenas DJ,
Brody AR: Alveolar macrophage stimulation and
population changes in silica-exposed rats. Chest 80:
8, 1981

19) Rom WN, Bitterman PB, Rennard SI, Cantin A,
Crystal RG: Characterization of the lower respira-



tory tract inflammation of nonsmoking individuals
with lung disease associated with chronic inhalation
of inorganic dusts. Am Rev Respir Dis 136:1429, 1987

20) Begin RO, Cantin AM, Boileau RD, Bisson GY:
Spectrum of alveolitis in quarts-exposed human
subjects. Chest 92(6):1061, 1987

21) Brown GM, Brown DM, Slight J, Onaldson K:
Persistent biological reactivity of quarz in the lung:
raised protease burden compared with a non-
pathogenic mineral dust and microbial particles. Br
J Ind Med 48:61, 1991

22) Allen RC, Stjernholm RL, Steele RH: Evidence for
the generation of an electronic exitation state(s) in
human polymorphonuclear leukocytes and its parti-
cipation in bactericidal activity. Biochem. Biophys.
Res. Commun. 47:679-684, 1972

23) Chest BD, Christensen RL, Sperling R, Kohler BE,
Babior: The origin of the Chemiluminescence of
Phagocytosing Granulocytes. J Clin Invest 58:789,
1976

24) Allred CD, Margetts J, Hill HR: Luminol-induced
neutrophil chemiluminescence. Biochemica et Bio-
physica Acta 631:380, 1980

25) Hu Tx: A review on therapeutic effects of drugs on
silicosis. EE 2 FXEH 31(Suppl):107, 1992

26) Cochrane AL: Relation between radiographic cate-
gories of pneumoconiosis and expectation of life. Br
Med J 2:532, 1973

27) Ortmeyer CE, Costello J, Morgan WKC, Swecker S,
Peterson M: The mortality of Appalachian coal
miners, 1963 to 1971. Arch Environ Health 29:67,
1974

— 122 —



