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Histopathological Changes in Rat Lung Instilled with Natural Coal and Free Silica Dust

Kyung Ah Kim, M.D., Chang Young Jung, M.D., Sang Young Oh, M.D.
Hyeon Woo Yim, M.D., Young Lim, M.D. and Im Goung Yun, M.D.

Departinent of Occupational Disease, Catholic University Medical College, Seoul, Korea

Young Man Roh, M.Sc.
Catholic Industrial Medical Center, Catholic University Medical College, Seoul, Korea

In order to investigate the changes of hydroxyproline amount and pathologic finding in rat lung
which were instilled the natural coal and free silica dust intratracheally, the subjects were divided
into two groups as follows. The control group was only administered intratracheally 0.5 ml of normal
saline, and the experimental groups were instilled at once the turbid solution containing 10 mg, 30 mg
and 50 mg of natural coal and free silica dust each, subjects were sacrified at the 3rd and the 20th
week each after the experiment. Hydroxyproline amount in the right upper lung was measured by
Woessner method and HPLC (modified Dunphy) method, and the pathlogic finding of lung tissue were
observed for hematoxylin-eosin staining, Bielschowski method and Masson’s trichrome method.

The results were as follows.

1) The wet lung weights of all experimental groups excluding in the groups instilled 10 mg and 30
mg of natural coal dust at 3rd week, were significantly increased (p<90.05) compared with control
group. The weight in each free silica group was markedly increased (p <0.05) at 20th week compared
with the same dose of natural coal dust group, while the weight in the same dose group of free silica
dust was increased significantly at 20th week compared with at 3rd week. .

2} The amount of hydroxyproline were significantly increased (p <0.05) in the natural coal and free
silica groups at 20th week compared with the control groups, and in each experimental group instilled
the same kind and dose of dust, its amount was markedly increased (p<0.05) at 20th week compared
with at 3rd week. And also the hydroxyproline in 30 mg and 50 mg free silica groups increased
markedly (p<0.05) at 20th week compared with the natural coal dust of the same dose.

3) The polymorphonuclear leukocytes, fibroblasts and macrophages in interstitium and alveolar
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space showed the increasing tendency in the free silica group more markedly than in the natural coal
dust group. The exudate in alveolar space at 3rd week was disappeared at 20th week, and
pneumoconiotic nodules observed microscopically in all experimental groups at 20th week, while the
nodules apeared already at 3rd week in the 30 mg and 50 mg free silica dust groups.

The significant increase of Hydroxyproline content in lung tissue and pneumoconiotic nodule
formation in experimental groups found in this study indicate that the observation period, dust
amount and kind of dust is important factors associated with pneumoconiosis. And these findings
were generally more severe in free silica dust groups than in natural coal groups.
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Table 1. Number of Animals Used for the Experiment

' Durations

Group Dosage {wks)
(me) 3rd  20th
Control 5 . 5
natural coal 10 6 12
dust 30 5 12
: 50 5 12

Experi-

mental free silica 10 6 14
dusts 30 6 10
50 5 10
Total 38 75
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Table 2. The Wet Weight of Both Lungs {unit : g)
Duration {wks)
Group Dosage (mg)
3rd ZDth
Control 2.86 £ 0.74 2.62 £0.52
natural coal dust _ 10 2.75 + 0.59 3,15 = 0.,45*
30 3.50'+ 0.43 3.82 + 0,29%
50 3,66 « 0.21* 4.52 £ 0.49*% ¢
Experimental
free silica dust 10 3.90 + 0.34*t 4,93 £ 1.13*}#
30 3.85 + 0.37* 5.14 £ 0.37*}#
50 4,42 + 0,79* 6.62 £ 1.50*%}#

* : p < 0.05, significant difference between the control and the experimental.
T : p < 0.05, significant difference between the natural coaf and silica dust group at the same dosage.
# : p < 0.05, significant difference between the same kind and dose of dust group at the different observation

period,
Table 3. Changes of Hydroxyproline in the Lung Tissue {unit : pg/g of wet lung)
Duration {wks)
“Group Dosage (mg)
3rd 20th
Control 2682 + 426 2524 £ 796
natural coal dust 10 3092 + 472 3825 £ 516* #
30 2874 + 362 3855 + 312% @
50 3308 + 886 4836 + 983* #
Experimental
free silica dust 10 2471 = 16 4126 2’:‘ 254% ¢
30 2745 + 376 4510 + 232%%#
50 2718 + 279 7580 + 288*t #

* : p < 0.05; significant difference between the control and the experimental group.
1 : p < 0.05, significant difference between the natural coal and sifica dust group at the same dosage.
# : p < 0.05, significant difference between the same kind and dose of dust group at the different observation

period.
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Table 4. Histopathologic Finding of the Lung

Interstitium Alveolar space
Group Nodule
PMN Fibroblast  Macro. Exudate PMN  Macro.
3 weeks
Control - - - - - -
natural coal 10 + t + + + + -
dust 30 + + + ++ + + —
50 + — + ++ + + —
Experi-
mental free silica 10 + + + + + + —
dust 30 ++ ++ ++ ++ ++ ++ +
50 ++ ++ ++ ++ ++ ++ ++
20 weeks
Control - - - — - —
natural coal 10 + + + - + + +
dust 30 + + + — + + +
50 + + + — + + +
Experi-
mental free silica 10 + ++ + - + + +
dust 30 ++ ++ + — + + ++
50 ++ ++ + - ++ + +++
PMN : polymorphonuclear feukocyte. macro. : macrophage.
Grade : + ; mild, ++ ; moderate, +++ ; severe

Fig. 1. Chromatdgram derivatized hydrolysate lung. (Arrow indicate hydroxyproline peak)

AN & # o] W sHe Table 404 B& ule} 7o,
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Fig. 2. Rat lung at 20 weeks the intratracheal instillation of natural
coal dust, showing aggregates of free particles and carbon-
laden macrophage with reactive fibrosis without central scler-
otic core (H & E, x200)

Fig. 3. Rat lung at 3 weeks after free silica administration, showing
peripheral aggregates of inflammatory cell with central
patchy area of fibrosis.

=7 dgtot QA Ak fetARAS T 3 50mg FETAREA FolFols 3% Ao o|n] Fu
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2057 AN 24 2el2 o9k AL AzAL W

3 A Ada ARREA Fof ol viste) fRiTHabE

A Fol oA Aubd oz A AU 53] 30mg
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Fig. 4. Rat lung at 20 weeks after free silica administration, showing
the nodule tend to fuse into conglomerations with central
a cellular hyalinic substance (A: H & E, X100, B: M-T, x100)

o ot

Aol AL AZAA AL} AR HAZ o]
o] Az ol ol Az ArlAA 2YA, e FY,
e# 4, 7|A 23} 71224 (ground substance) £ 74
Hol gn ALsE AfoidE, AFAE, wAZ
2, 5T, 14}:{”, A, P
Z (plasma cell)" ¥ Al = 7L9d 4 Z (mesenchymal
cel) o] ik d43A =Agd oz A ZAlo)d
U A WAolen ) B4 e ANz
FH9 Azg g3l PAolztns APy, AHFL

(mast cell),

34 A4 g shpzA ez

| 2oz AjAste] AL Fe 7h
H<sha Yrlol = 7HEA A3 )
b 388 BobgsiA Sl u]rbed 4] wstejohiae A
$ Az L ST

o] FelEAFY shtal 3FF F%E7 (chemotatic
factor of neutrophile) & 1] 8}31'® o]0} ..316} od 2.4
ZEo] Az o] ity AS 2

HZAE FLAA G A7kel Aol el o
£AHHA Afart Fzksel AsFor YA
cpoiee gl A ZAAAZANE EFF F42H B
ztolu] 2} fibronectin o)1} #H 2 A A T 7|9l AR

— 137 —



A5E Hulsld AH oME FAE zesla Hf4a
WG FAA 7 024 w9 AR3HE Al o
24 %lp}.l?,ls).

Ay AAFAA A FAA Fose AL A=z
AFr Fad Aoz A= el AsdFe ¢
Aeolle £R9) 27, 5, 5 F207L Ad7E,
A Ae Bt AAAE of2iriR] 2]lo] A=y
aF A5 $AY Fro FAF2I| L ol F FF
€ olHE ez ¢3iA vk & AgalAE At
AeEA 10 mg? 30 mgd Foi 9 3574 E Al
REFA 2ol visle] #He FA FoHE A2
A9 Foizka $AE2 Fol AF3r} dAs= 2
238 717k a2zl $49 Fhol wE GAuEe Aol
5ol E 93 miE Aoz A4y o 24
oiMdE Hed el FATE FAsled o 53 dF22
Qg 449 e wiAlEA Reglonz &3 sid
AzAZ A% AL 53¢ FAEESRA ] 9T A
oz Asdrd

AFAA B3y vl oy AW hydroxy-
proline® A-53t Aol o AT FAE 23 Yo
ool 2AEYC 2% HY 2714 Ko 23
o] ¥isl7t ol A% oj4 AHPY F AEEH T A
Aol FAE Fof He} HAF FrlEcn deA gl
theo2y B Ao E 3FA w2z hydroxy-
proline® tlz2F3} zol7} gl 205:Ao)s BE
ATl F 3 Fregdevl o) FYT 57
P& 5Y FAGEAE BTk A3t & H
He 244s &, 4wt Ak A=) dEolztn
A7}, Halme(1970) 52x%. $-2|7FAF 50 mgg ©Y
Fo@d FulA AAe] 323 48 A 16~24F
Aol hydroxyproline &9 3718 ®idled & A¥A
o} 4159}, ¢4 30 mgH 50 mg FFA FoAT
& 208A0] e Ad4l AR FodFol wldl
o, 283 BE AgFol e 3FA e ulsted 20550l
hydroxyprolineo] 21314 F7hetalwdll ol T4
7ko] A4-E A=A 9] AR3r} A AYsle Hol &
Fag vl3E Aoz Y7slc :

A FHFolA dole EAH 4732 A 2A
olz. E3 FAFHSNME FHLAAL] F4= 3
# 2 A S(lipoproteinosis) & F4ele Ao
2 <423 Jed® 2 AYe fejiaEd FoEeA

5 3FAol H2s} 7hde AEA 2F, 454
vigo] Tul4 AAo| BAE Aot 1] o 2 H Y
WA el AN F 2732 A X3

0FA N Fe]FAFA Tl s Tl Azt
79 glo] Afstsl oA H o] Asfool BAE
v} 2ped Ak AEhER) FodFoll o) WA A A R3)
7} Asha] da 2 AEZE o]Fo]A hydroxyproline
24743 A £7¢ 2ok €43 7S Fo
Y A A2AG Aol FEEE 2HE HelA
ok §2]FAHEA Fod Aol 5] o4 AAe] 3
Al v} ol FAlo] Zagde £4 WEoR 4R
e, oy £ A Adab gl Aol
TaEE AL Aelial S 239 7.40%Y ¥
bz 28] F45EAE] dgez 475, Bowden
#} Adamson®?ol] 2|5t A9 7| wol ©E&EAE F
o 3t-&wl NA A Z 7} <k 100 74A] Fohskgla o] St
£ 25 Ax ALHY £48 g4 23S FEA Fo
3 3370} vl A Yol 2Bl A2 Her &
speka Felataks Fasd Yol 25T
o] A4k Por®® gz FYFIE FelTALE
AL FA@A o] F3F 205l A PAHZAE
ol EFT7F F7hgE Ba st o] $7H 5%
Foll e whil ¥ E4 (protease) oF LYF L EL
(collagenase) 7} frejslo] AF3 W& A9+
Aoz od#lA glepess,

283 £4eaEA-E 548 3 A2} $ot
3o A 2H8-S B4 3} A7) ol Y YT A
3 3 FAAELA, IF4EFE sl <k 5YF
ol o8l £7d0] HA aAlge] vag 6t ek,
LAY A4 A o4 284 £ 20
FAE A4 %L 49 gAYt B 4
RS AHEE Ag AN ST Aold AFAE e
ol A A e R o] Bl ol9 FElalY &4
$Adoz FAEYY dEez Qs 4YFFoint
A Rt Ay Aol Jgg v E Aoz
A7 =},

A Fe] Al zAE BAd o] wag
28 S48 A ZE F2 F 2o F4also] 4y
3} #4744 (subepithelial pigmented nodule) & ¥4
ok g BAYdE QA Ea F
ool Baol} Z1HA F4 Xt 2] I4H



Ao 47 AU,
2 o

FRPAE el At AgiEAe] Fodeks 3477k
uhZ w223 hydroxyproline #:2] w3l& olo}ly )
A3ted AT FHole AHAEF 0.5mlF 71 2A
el Falekdn Aol A2l 494 0.5mlol 2
AR Al f2lFAEAle] 47 10 mg, 30 mg, 50
mgH FFEEg Ertlg uhEo) ol & dlzdy 2
oz FQRE 3FA ) 20540 AYFEL =4
glod sl FA, sz ¢ hydroxyprolinegk 12}
LA o 2 wste fakgl vl oleel 22 AAE

1) AdAAeEA 10mgH 30 mg 5979 354
Al g BE AYFe Zede] FAlE dzFol uldle]
oA Frhetd 2 (p<0.05), FElTat ERE

o A= 205 Aol % % Fo A A4S R

of wlated mefw Zeakel fal AR Folg) ol
e 3F A H}EM 205 Heso] FA 7} 4133
7FakrH(p<0.05),

2) AAAAREAT et Tl A
9] hydroxyproline %-& 2055ol th&Fol u]s}od,
23 FYF FAe Z2FE A FodE 3FH
o) 8} 3} 2054 F-2) kA F71erg.e (p<0.05), ¥
2| AR 30 mg# 50 mg Fo{ T 205Ae] ek
o] A AR A Foidl Fofl vl sl HAslA 275}
A} (p<0.05).

3) #Ale Fojgka RAr|71e] ALl AAAIMEL
£ Fofoll vise] fElAHE AR FollA HET

A3 A E AN g DT, Hfoldz, A
7 FORE R A2 AEelo) WAsigich ARy
7222 3Rl frelFAEAl 30 mgH 50 mg Fof ol
Agk ks dhe 205 Aol BE A g FolA Aabe gl

2

g

AL Foid 27120 Fr]of
Boh f2 AR FelA] 2
7)ol Aol Fo] LA L A Ik,

REFERENCES

1) Walton WH, Dodgon J, Hadden GG, Jacobson M:
Effect of Quartz and other Non-coal Dusts in Coal-
workers' Pneumocoiosis. Part 1. Epidemiolgical
studies. In “Inhaled Particles IV” (WH Walton, Ed),
Part 2, p 669 Perganon, Oxford 1977 '

2 £9%, 49, AIEwRe 23 sk Aoz
S8l Uia 9Ed 2, 84 mES] ExES
27(1)27, 1988

3) Karen MR, Thomas WH, Wanda MHO, Jerold AL:
Experimental silicosis; 1. Acute effects of intra-
cheally instilled quartz on collagen metabolism and
morphologic charateristics of rat lungs. Am J Path-
ol 107:176, 1982

4) Bowden DH, Adamson IYR: Pathways of celluar
efflux and particulate clearance after carbon instil-
lation to the lung. J Path 143:117, 1984b

5 4, £4F I AETAFAM J1FA Az AHA
el AEws, sy e o) edy = 43(2)437,
1990

6 o o, &9F: e AASel 3lol closing vol-
umes} W2}, JHEE g oy BEY 40169,
1987

7 AAE, AAeh Y8 4 9 F9F I BEAAF

o4 CO Zpabeel g, A o 387 2% 3701
25, 1990
8} #U= . Cyclophosphomides} A& rAE9] X gof
R ek, wEe ERRE 1943, 1980

9) Haas P, Huber W: Das verhalten der menschlichen
Lever bei Silikose Behandlung mit Poly-
vinylpyridin-N-Oxid (PVNO). Silikose-Forschung 3:
93, 1971

10} Woezzner JE: The determinaton of hydroxyproline
in tissue and protein samples containing small pro-
portions of this imino acid. Arch Bioch Bioph 93:
440, 1961

11) Dunphy MJ, Bhide MV, Smith DJ: Determination of
hydroxyproline in tissue collagen hydrolysate by
derivatization and isocratic reversed-phase high-
performance liquid chromatography. J Chromato-
graphy 420:394, 1987

12} Heard BE: Pathology of interstitial disease. Chest
69:2525, 1987

13} Crystal RG, Gadek JE, Ferrans V], Line BR, Hun-
ninghake GW: Interstitial lung disease; Current

— 139 —



concepts of pathogenesis, staging and therapy. Am
J Med 70:542, 1981

14} Crystal RG, Bitterman PB, Rennard SI, Hance AJ,
Keogh BA: Interstitial lung disease of unknown
cause. N Engl J Med 310:154, 1984

15) Hunnunghake GW, Gadek JE, Fales HM, Crystal
RG: Human alveolar macrophage-derived che-
motatic factor for neutrophils: Stimuli and partial
charaterization. J Clin Inv 66:473, 1980

16} Hunninghake GW, Gadek JE, Kawanaam O, Fer-
rans V], Crystal RG: Inflammatory and immune
processes in the human lung in health and disease;
Evaluation by bronchoalveolar lavage. Am J Path
97:149, 1979 '

17) Rennard SI, Hunninghake GW, Bitterman PB, Crys-
tal RG: Production of fibronectin by the human
alveolar macrophage; Mechanism for the recruit-
ment of fibroblasts to sites of interstitial injury in
interstitial lung disease. Proc Natt Acad Sci USA
78:7147, 1981

18) Bitterman PB, Adelberg S, Crystal RG: Mechanisms
of pulmonary fibrosis spontaneous release of the
alveolar macrophage derived-growth factor in the
interstitial lung disorders. J Clin Inv 72:806, 1983

19} Kaw J, Zaidi SH: Pathogenesis of pulmonary silico-
sis in rats fed stock and multideficient diet since
weaning. Environ Res 3:199, 1970

20) Kuncova M, Havrankova J, Kunc L, Holusa R,
Palecek F: Evolution of functional, biochemical and
morphological changes in the rat. Arch Environ
Health 24:281, 1972

21) Chvapil M, Eskelson CD, Stiffel V, Owen JA: Early
changes in the chemical composition of the rat lung

after silica administration. Arch Environ Health 34:
402, 1979

22) Halme ], Uitto J, Kahanpaa K, Karhunen P; Lindy
S: Protocollagen proline hydroxylase activity in
experimental pulmonary fibrosis of rats. J Lab Clin
Med 75:535, 1970

23) Adamson IYR, Bowden DH: Adaptive response of
the pulmonary macrophagic systemn to carbon;
morphologic studies. Lab Invest 38:430, 1978

24) Bowden DH, Adamson IYR: The role of cell injury
and the continuing inflammatory response in the
generation of silicotic pulmonary fibrosis. J Path
144:148, 1984b

25) Sykes SW, Morgan A, Evans JC, Evans N, Holmes
A, moores SR: Use of an in vivo test system to
investigate the acute and sub-acute responses of the
rat lung to mineral dusts. Ann Occup Hyg 26:593,
1982

26) Skyes SE, Morgan A, Moores SR, Jones ST,
Holmes A, Davison W: Evidence for a dose-
dependent inflammatory response to quartz in the
rat lung and its significance in early changes in
collagen metabolism. Environ Health Perspec 51
141, 1983

27) Karen MR, Thomas WH, Wanda MHO, Jerold AL:
Experimental silicosis; II. Long-term effects of
intratracheally instilled quartz on collagen metabo-
lism and morphologic charateristics of rat lung. Am
J Pathol 110:30, 1983 ~

28) Duguid JB, Lambert MW: The pathogenesis of coal

miners pneumoconiosis. J Path Bacteriol 88:389,
1964

— 140 —



