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Table 1. Variation of white blood cells and eosinophil level of rabbits infected with
embryomated eggs of Capillaria hepatica.
\gltctizl;s Group A Group B Group C : Group D
infec- ~ | E 795 of I Eosino- ~ % of ~Eosino- | % of i — . i Eosino- | % of
T | osino- | % o | o i ‘ | % of ! i ino of
_tion 1,V,V,B,( ~ophit oy Bosin [T he _ phil  Eosin. | WBC _ | phil_: Eosin. WB(,: phil v,ﬁ’sm-
Bef* | 6:150 294 | 4.78 | 6,800, 169 | 2.49 5,500 191 | 3.47 6,133 383, 6.24
(L546) (151, (0.58) (1, ooz>\ (125)) (0.69) (2,309) (123} (1.83) (1,769)° (125)] (2.41)
I 6,600 1 960 | 15.15 7,100 | 1.333 | 18.94 7,317 883 | 12.26 | 9,167 4,150 | 40.45
(2,050) (51231 (2.12) (1, 5()\)) 427 (0.80) (3,088) (544) (4.44)\ (4,494).  (778)] (10.68)
|
I 6,733 - 3,033 | 32.84 8,700, 3,950 | 36.44 - 7,500 1,533 | 20.4 ‘10,267 4,867 | 48.76
(2,015) <1,473>\ (6,500 (5,010 (1,730 (13.49) (4.593) (227 (1.77)] (2,393) (1,489)] (14.97)
|
I 7,950 | 2.817 | 36.8L ] 8.333: 2.917° 34.19 12,930 3,317 | 26.02 ‘10 600 : 5,350 | 50,47
(100) (2,485) (20.05)]  (749) (L. 117) (12.25) (6,465) (2,445) (10.86)‘(5 1692)| (1,862) (10.30)
N | 17409 [ 5507 33.56 [ 12,667 : 4,650 ' 37.50 16,967 4,050 | 24.04 | 11,950 = 6,256  52.35
(2.500)) (1,560) (9‘45>\<1 786) (41 (5.63) (7,355)  (776) (4.21)1(4,584);(1,531)|(15.47)
v | 18550 1 4,833 29.30 | 13,075 \ 5,275 | 34.25 14,867 5,733  41.78 12,800 ! 5,475 i 55.33
1(9,235)] (1.740)] (4.09)| (2,315) (1,105)] (7.74) (5,736) (2,209)| (12.69) (5,600)  (575) (28.70)
VI | 13,670 | 8,233 | 54.57 114,800 5,733 | 38.87 18,850 8,417 | 44.65 12,400 : 5,083 = 41.00
(6,753)1 (7,085)] (17.23) (3,592) (1,303)] (0.54) (4.,404) (2, 694), (8.01) (4,539 (2,083). (8.97)
vIo| 12367 6.883 | 50.65 | 16,433 | 6,583 | 49.06 17.800 9,117 | 61.70 13,550 6,517 | 57.81
(6,099} (1,954)| (22.16)| (3.949)  (369) (12.45) (3,435) (1,378)| (3.96) (4,438) (3,224)| (26.36)
I

vi | 19°217 1 4,967 | 40.26 | 14,550 5,133 39.54 15,800 7,050 = 44.68 : 12,250 5,755 | 41.89
(3,924)  (478)] (13.93)] (3.860); (1,766)! (17.83) (2,944) (2,469) (19.36) (3,285) (2,897)| (10.12)

X 9,567 | 6,767 | 59.99 | 16,000 | 5,983 | 45.50 12,217 4,450 ;36,42 13,500 5,136 | 38.04
(841)] (2,286)) (18.60)] (6.580)! (851) (20.00) (2,334) (2,019 (12.81)' (2,824) (1,321) (13.23)

X 7,492 0 1,825 | 9.74 J17 633 | 7.033' 39.88 15,433 5,967 = 41.31 111,250 4,854 | 43.15
Y 260)i<1 425); (4. 98)‘(3 937)| (1 578)‘ (0.69) (7,921) (2,500, (18. 47) (1,788) (1.250) (8.34)

v % Gmup ABC, and D mfccte( w1th 1000 ’) 000, 1() 0()0 and ’a") 000 embry(matcd Cp,g.,\ respecmd\

Standard deviations are shown in parentheses.
* Bef.: Before infection
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Fig. 1. Fluctuations of white blood cells, cosinophils
and percentages of eosinophils in infected rabbits.
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ghell sgsta eb Al ek RN E Eolsket. B D
Jiell A1 4= K& YuRT el 257 6.35g/dl, 5.71g/dlolwd A
o i&ueHs N7 el A Ml i¥eld % 7.96g/dl,

At o &

Fig. 2. Fluctuation of cosinophils in infected rats.
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56 e
ehAl JDE R 2 10 el

8.23g/dlej b, CHl A&
o s

A 8.04 g/dl o) if
oA REHLRT S

Albumin : A Bioll glot A k&R B9{E 69.71 % 4
D5 AR =z kot gl ot W6 H(61.07%)
ofl ‘1 Pl wbeta T 8 (72.37 %ol A Ii{Ege ksl

serum proteinf ractions of rabbits infected with embryonated cggs

W7 A = Wb sA ekt

Table 2. Variation of

uf" Capillaria

. Weeks  Total
- LGI(.) after  protein Aolb'
WS infection.  (g/dl) (%)

. 5.35 69.71

- Bk 0.8 (14D

| " 5.57 66. 48

| (0.38)  (2.25)

3 I 6.32 66.63
0.72) (3.2
i 6.81 66.85 !
(0.02) (3.03)

6.94  67.75

v (1.37) (2.38)

6.70 67.34

A v 0.36)  (3.59)
W 7.42 61.07
0.90) (5.0

6.62 | 5.29

Vi % G

6.59 ,  72.37

i (1.0 (1.55)

X 6.89 ©  68.16
0.49)  (5.53)
X 6.45  67.58
(0.38)  (3.32)

o 6.35 1 67.27
Bt | (055)  (0.82)

[ ! 5.99 72.05
(2.89)  (4.8D)

I 6.38 1 67.19
QTS O 3

g1 640 66,10
P08 (2.67)

v 6.99 64.91
C0.02)] (4.20)

; 7.18 56. 64

B v ; 090 (7.95)
| 6.52 59.06
Lo0.68)  (2.88)

" 7.961  58.86
(0.42)  (6.76)

6.48 . 57.11

W 056 (5.52)

X L 6.35 65.97

\ 0.25))  (3.2D)
| !
x | 607 | 6175

: 08),  (1.66)

(1.

hepatica.

i ) - ) i . : ) B - T H i

; Globulin(% ! fn ,

| A/G Ratio’ 7/Ax100, o
a; \ a; 1 B r ! |
5.09 £.00 1079 10.51 2.31 15.07 1.46
(0.34) (1.6 (0.48) (1.40) (0.16) (1.59) 0.07)
6.35 5.8) ! 9.89 11.59 2.01 17.49 1.56
(0.62) (2.42) (0.55) (L.5D (0.28) 3.1D (0.10)
5.64 3.46 | 11.01 13.28 2.02 20.22 1.49
(2.04) 0.70), (0.9 (3.61) (0.2 (6.3 €0.08)
6.05 510 | 11.26 12.74 2.04 19.15 1.51
(2.30) (0.90),  (1.99 (1.33) 0.3)) (2.61) (0.09)
4.79 4.04 1 1041 \ 13.01 212 19.33 1.47
(0.71) 0.70) (1.45)  (2.43) (0.23), @20, (0.09)
6.28 4.18 ! 11.20 11.00 ! 2.40 | 16.49 1.52
(0.61) (1.28)i (1.19) (1299 .29l @25 0
6.40 4.54 1 10.70 17.28 2.22 24.49 ' 1.64
(1.29) (1.29)| (1.21)‘ (7.49)  (1.09)  (15.03) (0.07)
]

4.86 2.89 . 11.35|  15.41 2,251 21.90 1.45
(0.96) (0.68) (1.36)  (6.98)  (0.63) (11.87) (0.13)
4.42 2.82 8.42 11.97 ¢ 2.75 | 16.54 1.33
(1.32) (0.50) (1.1e> (0.-46)  (0.10).  (0.30) 0.05)
4.83 5.13 11.10 . 10.77 | 2.25 1 15.94 1.49
(1.59) (1.17) (2.43),  (0.34) (0.64) (1.70) (0.19)
4.74 4.64 11.77 11.30 2.16 | 16.73 1.52
(1.24) (0.97) (1.76) (0.81) (0.95)  (2.31) 0.12)
5.53 4.24 11.54 11.41 vz.oe L 16.94 1.53
(1.22),  (1.04) (1.22) (1.79) (0.08);] (3.8 (0.04)
4.76 | 2.64 9.24 11.31 2.70 15.83 1.35
(1.24) (0.23) (2.88) (0.90) (0.69) (2.13) 0.16)
4.62 3.75 11.92 12.52 2. 11 19.19 1.49
(1.48) (0.51) (2.68). (1.33) (0.29) (8.16) 0.13)
6.40 2.63 12.17 12.69 2.21 18.04 1.52
(0.15) (0.85) (1.30) (4.28) (0.46) (6.69) (0.06)
3.90 4.25 10.48 16.46 2.26 23.03 1.54
(1.06) (0.30) (2.38) (2.97) (0.45) (6.73) (0.10)
4.45 3.88 10.82 24.21 1.37 44.57 1.66
0.74)  (1.40) (2.95) (5.74)  (0.39)  (15.17) 0.14)
5.47 5.06 8.58 21.83 1.40 41.89 1.67
(1.29) (0.60) (8.75) 3.61)  (0.18)] (10.54) (0.03)
2.76 | 2.60 9.71 26.07 1.50 1 45.35 1.66
0.79),  (0.85) (3.18) (2.92) (0.46) (9.46) 0.01)
4.56 1 4.79 11.42 22.12 1.37 39.13 1.70
(0.68) (1.04) (2.71) (2.45)  (0.3D (6.73) (0.14)
3.50 3.27 8.64 18.62 2.11 26.90 1.47
(1.07) (0.99) (0.91) (1.83) (0.35) (5.87) (0.09)
3.97 4.70 13.01 16.57 1.63 26.84 1.63
(0.62) (1.13) (3.15) (0.54) (0.09) (0.86) (0.05)
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¥ Gro- | Weeks * Total Alb ‘
ups after  protein oy
i mfcctum (g /dl) (%) a
X 5.78 | 69.29 4.79
Bef. 0.53) (118 0.53)
! I 6.55 61.18 | 5.05
i ‘ (0.94) (4.52)0  (2.29)
' . 1
o 7.00 5825 4.84
; (0.14);  (8.46)  (2.02)
o 7.10 | B3.63 | 4.75
; (0.14)  (10.82)  (1.32)
i N 7.93 . 49.16 | 5.17
i (0.53) (3.4 (0.4
' 7.47 42.19 6.05
c v 0.33) (47D (0.96)
o 8.04 53.12 | 3.61
! (0.65) (9.71) (0.12)
1
Vi 7.941  55.60 ’ 1.34
(0.86)  (6.65)  (0.85)
Vi 7.55 59.06 5.01
: 0.44) (247 (3.3
: |
LK 7.19 63.29 1.51
! 0.61)  (1.50)  (1.49)
oy 713 66.05 5.0
P (0.52) (0.77) (1.0
Lo 5.71 66. 44 5.68
| Bel (0.63)  (1.27)  (0.5D
I 6,06,  62.60 5.30
0.95)  (2.96)  (1.18)
I 7.09 60.99 5.25
(0.71)  (2.18)  (1.40)
0 7.39 57.15 6.00
l 0.24) (1.86) (1.13)
N 6.90 54.73 5.03
(14D (1.63)  (1.47)
. 7.72 45.77 1.12
D v 0.09)  (2.03)  (0.20)
(0. 16) (7.96) (1.98)
I 8.23 1 53.66 3.44
(0. 38)i (5.40) (0.1
" 7.59 58.37 4.17
(0.32) (3.36) (1.03)
N 7.11 64.59 3.16 1
. (1.03) (4.53) (0.02)
i X 6.77 64.35 2.35
’ 0.26)] 0.7 (0.08)
* Group A,B,C, and D infected with 1,000, 5,000,

deviations arc shown in parentheses.

shob ea] MR fiE
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G]obu m( ’0)

. ‘ A/G Ratio /A % 100 h?g?“
ay | /3 : 7
3.72 8.56 13.63 ! 2.26 19.65 1.45
0.7 (1.22) (147 (0.13) (1.93) (0.05)
3.31 12.87 7 17.59 1.62 29.15 1.63
(0.40) 217 (2.05) (1.30) (5.51) (0.09)
3.73 12.25 20.93 1.40 35.93 1.69
(0.87) (3.46) (4.27) (0.85)1  (14.32) 0.1
4.25 13.26 24.11 1.25 50.66 1.72
(1.33) (5.30) (6.38) (0.42)0  (28.95) (0.13)
3.44 10.57 31.66 0.47 65.11 1.75
0.94) (0.82) (3.15) (0.13)) (10.39). (0.06)
4.66 11.11 35.99 0.74 87.00 : 1.85
(1.86) (1.4 (3.15) (0.1D)  (52.15)  (0.10)
3.29 9.97 30. 02 1.23 61.58 1.63
(1.76) (0.67) (8.74) (0.46)) Q7.7 (0.13)
2.06 8. 14 29. 86 1.31 55.39 . 1.58
(0.90) (0.75) (4.16) (0.35)] (4.1 (0.02)
1.48 7.95 26.50 1.45 45.37 1.52
0.27) (0.96) (6.50) (0.16)]  (12.45) (0.23)
4.06 8.35 19.80 1.73 31.41 1.55
(1.1D) (1.66) (2.93) (0.19) (7.29).  (0.07)
5.06 7.47 16.36 1.55 21.82 1 1.52
<0.01> (2.04) (4.32) (0.12) (6.70),  (0.04)
4.57 10.55 12.76 | 1.98 19.22 | 1.55
(0.40) (1.50) (0.75) (0.20) (1.18)  (0.02)
4.53 13.12 14.35 1.69 23.30 1.63
(0.19) (0.85)  (2.32) 0.21) (4.88)  (0.07)
2.88 13.38 17.51 1.57 28.76 1.62
(1.83) (0.24) 0.14) (0.14) (1.26)  (0.08)
5.86 12.77 18.19 | 1.34 7 31.90 ¢ 1.76
(2.93) (2.00) (2.26);  (0.17),  (4.46) (0.06)
5.53 13.72 20.68 1.22 . 37.79 1.78
(0.68) (1.00) (0.70) (0.14) (1.03) (0.06)
4.36 12.56 33.21 0.85 72.61 1.74
(0.08) (2.35) (1.0 (0.07) (1.01) (0.12)
2.75 12.76 36.62 0.79 54.75 1.75
(1.27) (1.48) (4.27) (0.22)  (32.86),  (0.19)
2.29 9.53 31.12 1.11 59.29 1.61
(0.80) (2.07) (5.21) (0.25)  (14.04)  (0.07>
1.06 9.36 24.03 1.42 41.53 1.64
(0.55) .97 4.04), (V.19 (8.42) (0.10)
2.42 6.61 23.22 1.88 63.26 1.43
(0.74) (1.2 (4.79) (0. 40) (9.42) (0.09)
2.35 6.52 24.43 1.81 37.99 1.42
{0.08) (0.27) (1.14) (0.06) (2.18) (0.0D)
l()()J ) and 30,000 Lmln\(malcd cags w\patncl\ Standard
8 Babed eovh 0N 9 65.97 Yool A M st kTRl A
Py of Zhapdgleh. snevd C, D el A = & uRrel % h
i 69.29 %, 66.44 % ol Aol WK WL Cadl A=
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V542,19 %), DEI A= 0 63H43.32 %) Fig. l)3. Variation ofb ti)ta] protein, albl:imin,A alpha-,
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8.58% = Wi’ chAl MY k. C el Sl 4 5 b globulin
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1055 % 1 & 2ol 0 LMU3.129%)e 4 vl ek ¢ T ‘ .
B6 AN TSRS B THOS3%P M 3l b AN e
Bifistel 0510 e 6.52% o W T2 M shel . § o vt T J’ )
rglobulin: @l Sleld ek ME wslch AR ¥ ' b N
o ool A KT AEINT 10.51 % o A4 N5 5 MR = ’
= el sleloh 416 17.28 %)el A KBS wol T T T T e e
ovhAl REUSHTS R Eobshe).

B fttol ool 4 WA 11.41 % ol 4 Wik kel , Fglobulin
37 26,07 %) A Mol B % 45 10 (16,57 %)
oAl TS el A 8 e CD el 2ol 14
AL HHI (e 13.63%, 12.76% 19 Aol WX v el 1 ‘.
Mnsked Cleol el A 055 M(35.99 %) 4, Dptel 2 | v R D N
AL N6M36.62%) A Rl i f oA kb § T e
o CReol 45 05 10 (16.36 %)oll 4 & gepiel i) 2 0 ° o \\*
A9 ok DBl A 10 #(24.43 %)l Slol A 15 ol

i g F2 5 o F9. : o L
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Fig. 4. The curves of statistical calculated Entropy o
scrum protein in infected rabbits.
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THE EXPERIMENTAL STUDIES ON CAPILLARIA HEPATICA

(Director: Assoc. Prof. B.S. Seo)

Chan Wuk Lee, M.D.

Department of Parasitology and Institute of Endemic Diseases,

College of Medicine, Seoul National University

Capillaria hepatica is an extremely common parasite of rats. Several human cases have also been reported from
various parts of the world and recently these aroused the clinical interests.

The present study was undertaken to investigate the biological observations of €. hepatica and the changes occurring
in blood picture and serum protein in the experimentally infected hosts. )

The source of  C. hepatica obtained from the deposit of non-embryonated eggs encapsulated in the liver of house
rats(Rattus norvegicus) in Scoul. The eggs isolated from the infected liver tissues by the freshly prepared  artificial
gastric juice at 37°C and embryonated in the incubator 27° (o 30°C for four to five wecks,

For the observation of migratory pathway to the liver, ten mice were infected orally  with 1,000 embryonated cggs
of (. Jipatica, and another ten mice were infected intraperitoneally. No larvae were found in the washings of
peritoncal cavity after oral infection, but after the third dayv of infection, the larvac were isolated from liver tissues.
These indicated that the majority of larvac are transported to the liver by the hepatic portal system. On the other
hand, 1,000 ecmbryvonated egus of C. hepatica were innculated into the peritoneal cavity of mice by  mantoux syringe
containing antibiotics. Onc third of inoculated eggs hatched out in the peritonewmn  during two days after inoculation,
and also the larvae were isolated from the liver tissue as well as in oral infection. It would be thought that larvac
hatched in the peritoneal cavity invade dircetly to the surface of liver,

Twenty white rats were infected orally with 1,000 to 2,000 embryonated eggs for the study of the develepment of
(", hepatica in the liver and histopathological changes of the infected liver in the course of infection.

(. hepatica in the liver of white rats developed rather slowly at the first tenth day after infection, but at the 13th
day developed rapidly in its size. The worms were sexually diffecentiated at the 17th day after infection. At the 20th
dav they were almost matured” in both sexes but they were not beared the eggs yet. However, after the 24th day,
fully formed eggs appeared in the white or yellowish lesions on the surface of rat liver and they are also found in
uterine tubule of the female worm. After the 33rd day, male worm disappeared and only female worms packed with
cggs were detected in the liver tissues. However the long hair-like tightly coiled worms were also usually found in the
hepatic cysts, and the degenerated or dead worms were observed in the small cysts on the surface of the liver at the
59 th day after infection.

Microscopical examination on the first week after infection revealed inflammatory reactions with the dilatation of
central vein, Kupffer cell mobilization, focal necrosis and perivascular infiltration.  After two weeks of infection
granulomatous inflammation were observed around or adjacent to the worms in the lobules. The worms are surrounded
by macrophages, multinucleated giant cells, a dense infiltration of lymphocytes, monocytes, neutrophils and, especially,
cosinophils. After the third and fourth week, the microscopical findings of infected rat  livers have shown proliferation
of conneetive tissues and regeneration of liver cells. During the fifth to sixth week after infection, rat liver showed
marked proliferation of fibrous connective tissues encapsulated the worms and massive deposition of the eggs. At the

later time the liver reveals many  pseudolobules which are caused by postnecrotic  cirrhosis.  These are  irregularly
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subdividal into lobules by a fibrous septum. The worms were fragmented by the phagocytes and encapsulated by
connective tissues. And then finally they appeared to he replaced by the calcium-like material. The liver shows typical
cirrhosis after the cighth weele after infection.

In order ¢ investizate the changes of blood  picture and secum  protein components of rabbits infected with C.
hepatica, twenty rabbits were divided into four groups by the doses of eggs. Group A was given doses of 1,000
embryonated cggs, group B 5,000 eggs, group C 10,000 eggs and group D 30,000 eggs.

Thz piziures of bland espeially leucozyte and cosinophil counts and of serum protein were checked cvery week for
ten weeks in the course of infections. The marked elevation of the leucocyte, ensinophil counts and percentage of
eositophils was observed at the sixth 1o the seveath wesk in the course of infection in all groups of rabhits. Al the
tenth week after infection a decrease was shown in their counts. However in the heavily infected groups (Group
C&D) these values persisted  relatively in high levels evea  thereafter. In the white rats given doses of 1,000 (o
2,000 eggs, cosinaphil counts increased to the peak at the fourth week and decreased at the seventh week after infection.

The changes in serum protein components of infected  rabbits were investigated by paper clectrophoresis. Blood
collections were done by the cardiac puncture in the carly morning. Serum total protein was determined by Biurets
mathod, serum protein fractionating and A/G ratio by paper clestrophoresis using Whatman No.1 filter paper and
barbital baffer (pH 8.5, ionic strenzgth 0.03). Total protein inzeeased at the sixth and seventh week after infection,
and the albumin and A/G ratio had decreased significantly in the heavily infected groups at the fitth and sixth week.

The alpha-globulin and beta-globulin - were not significant in the lightly infected groups(Group A&B), bhut they

decreased after seventh weok in the heavily infected groups. The gamma-globulin and y/A ratio of the heavily infected
groups were significantly increased at fifth to seventh weck.

Statistically the caleulation of Entropy was applied to the data obtained in all groups. In the lightly infected groups,
the Entropy was included almost in the normal ranges, however in the heavily infected groups it was excluded

from the normal range during the first 1o cighth week after infection.
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Fig. 5 Infected liver with Capillaria hepatica  showing Fig. 6 Lmbrvonated cgg of (. hepatica after incubation
white or vellowish lestons of the egg deposits on of 45 davs.

the surface (35 days after infection.

AR

Fig. 7 The H &I stained section of the infected  rat Fig. 8 The H.&E. stained section of the infected rat
liver shoving moderate infiltracion of small round liver showing granulomatous lesion containing num-
colls around the central veins. (7 days afier infeet crous giant calls in hepatic lobules. (17 days after
ion). infection).

4
Seids ; ; i e
Fig. 8 The H.&E. stained section of the infected rat Fig. 10 The H.&E. stained section of the infected rat
liver showing massive deposition of cggs surround- liver showing postnecrotic  cirrhosis — consisting
34 i 4t g P H
o by actively proliferating fibrous conneetive tissu- with irregularly subdivided lobules by fibrous septa.

es. (42 davs after infection) (45 davs after infection),
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