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Toxicity of Hexachlorobenzene in Japanesé Quail with Special Reference
to Porphyria, Liver Damage, Reproduction, and Tissue Residues. Vs,
J. G., vaAN DER Maas, H. L., Musch, A. and RaM, ERricA. (1971). Toxicol.
Appl. Pharmacol. 18, 944-957. The fungicide hexachlorobenzene (HCB},
was given for 90 days to Japanese quail at dietary concentrations of 0, 1. %,
20, and 80 ppm. Tremors and mortality occurred in birds fed 80 ppm. R
fluorescence of tissues, liver damage (enlargement of nuclei and nuclect,
proliferation of bile ductules, necrosis of hepatocytes), erythrophagocytes.s
in the spleen, ceroid granules in the tubuies of the kidney, reduced reprodae -
tion and reduced volume of eggs were found in birds from the 80 ppm group.
Shell-thickness index was unaltered. Increased liver weight, slight liver

STy

HEX#

The present study was carried
“ariail in order to evaluate residt

# Seventy-five adult Japanese qt
$#1290-day feeding experiment. T
dark. The food consisted of
imals were wing-banded indix
nts. Groups of 15 quail (12 fe
ived diets containing 0, 1. 5, 2
serity > 99.590 CcCly).

& The quail were fed and watere
gxretion of coproporphyrin anc
g, was determined according t
kman spectrophotometer. Fe
e same cage. At the end of th.
were homogenized and alig

 Egg production in the differer
¥oduction per female per day. I
1-90 were incubated to determi
v rotated and was maintained

kmidity of 70 %. Eggs which f
gere infertile or contained a dea
#&ted in the last month of the ex
ks, according to the method of
dduct of length and breadth (1
Mopsy, all animals that died or
Prted to a gross pathologic ex:
&2raviolet light using red fluore:

B

damage and enlarged fecal excretion of coproporphyrin occurred in the
5 ppm group; the no-effect level was established at 1 ppm. Significanidy
higher brain residues were found in male compared to female birds. ?{( s
residues in birds of prey found in a certain area are higher than residiucs
found in Japanese quail fed 1 ppm HCB.

Hexachlorobenzene (HCB, C4Clg) is a crystalline substance which is insoluble 1in water
It is used as a fungicide, to control fungal diseases in cereals: it is also used 1 orgEsd
synthesis. . .
HCB has been identified in tissues of wild birds in The Netherlands (de You. R ¥ §%es of porphyrins. Total body -
personal communication). High residues were often found in predatory hirds iy es " » *’:’an were recorded.
1968; Koeman ef. al. 1969a). It was also detected in fish. musscls, and * ; ;M:croseopic examination wa:
the aquatic environment (Koeman et al., 1969b). Minor quantitics of HOB wets fos ; _;:duct, heart, lung, thyerid. Cre
in vegetable and animal fat (Wit, 1970). . ...y ¥% cecum, large intestine, ASk'
HCB became widely known as the result of a mass-poisoning in Turkey ("’ ; 2%d in 10° buffered formalin.
Nigogosyan (1963) mentioned more than 3000 cases of human poisoning it HRS “d eosin. Sections of liver, sple
1955~1959. The main symptoms were photosensitization and porphynnuna o 4 feover, selected sections wer
The acute toxicity of HCB is low: 500 mg/kg ip is nonlethal in rats, the “;‘Tw i hy.] green-pyronin and for I
dose in guinea pigs is greater than 3 g/kg (Davis ef al., 1959): the oral lcleln o Stained Paraplast-embedded
15°; suspension of HCB in female Japanese quail is greater than | g kg (unpy liver, kidnev, and small inte
data). Feeding of a diet containing 0.2%, HCB resulted within a month in ‘b‘ e @ oscope (Zeiss, exciting filte
13 of 33 rats (Ockner and Schmid, 1961). In a preliminary subacut¢ (oxml)‘url ot ! m super pressure lamp HE
Japanese quail it was found that the feeding of 20 ppm HCB (lowest Jesel) was sk - n‘o'rder to carry out hemat
(Vos et al., 1968). Ivided into 3 groups, were :
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The present study was carried out to establish a no-effect level of HCB in Japanese
quail in order to evaluate residues found in wild birds.

METHODS

Seventy-five adult Japanese quail (Coturnix coturnix japonica), 2.5 mo old, were used
in a 90-day feeding experiment. They were maintained under a regimen of 14 hrlight: 10
br dark. The food consisted of a turkey starter ration containing 229/ protein. The
animals were wing-banded individually and allocated at random to the various treat-
ments. Groups of 15 quail (12 females and 3 males; 4 females and 1 male per cage) re-
ceived diets containing 0, 1, 5, 20, and 80 ppm HCB (B.D.H. microanalytical reagent,
purity = 99.5°% C.Cl,). .

The quail were fed and watered ad libitum and were weighed weekly. The 24-hr fecal
excretion of coproporphyrin and protoporphyrin, as parameters for chemical porphy-
ria, was determined according to the method described by Rimington (1961), using a
Beckman spectrophotometer. Feces of the different groups were collected always from
the same cage. At the end of the experiment feces were analyzed from all cages. The
feces were homogenized and aliquots of 1-2 g were used for spectrophotometric analy-
sis. -

Egg production in the different subgroups was recorded and calculated as mean egg
production per female per day. Eggs collected during days 37-46, days 64-73 and days
81-90 were incubated to determine the hatch of fertile eggs. The incubator automatic-
ally rotated and was maintained at an optimum temperature of 37.2°C and a relative
humidity of 70%. Eggs which failed to hatch were opened to determine whether they
were infertile or contained a dead embryo. Moreover, 25 eggs of each group were col-
lected in the last month of the experiment to determine the index for the egg-shell thick-
Dess, according to the method of Ratcliffe (1967): egg-shell weight (mg) divided by the
product of length and breadth (mm). Also, the volume of those eggs was recorded. At
. autopsy, all animals that died or were killed at the end of the feeding period were sub-
Jected to a gross pathologic examination. In addition, organs were examined under
ultraviolet light using red fluorescence as an indicator for the presence of excess quan-
tities of porphyrins. Total body weight and the weight of the liver, kidneys, spleen, and
heart were recorded.

Microscopic examination was made of liver, spleen, kidney, pancreas, ovary/testis,
oviduct, heart, lung, thyroid, crop, glandular stomach, muscular stomach, small intes-
tine, cecum, large intestine, skin, skeletal muscle, and spinal cord. Specimens were
fixed in 109/ buffered formalin, embedded in Paraplast, and stained with hematoxylin
and eosin. Sections of liver, spleen, and kidney were also stained with Perls’ iron stain.
Moreover, selected sections were stained with PAS, Sudan black, Ziehl-Neelsen, azan,
Inethyl green-pyronin and for hemoglobin-hemosiderin, reticulin, fibrin, and myelin.
Unstained Paraplast-embedded selected sections and unmounted fresh cryostat sections
of liver, kidney, and small intestine of killed birds were examined in a fluorescence
Microscope (Zeiss, exciting filters BG 38/2.5 and BG 12/4, barrier filters 53 and 33,
Osram super pressure lamp HBO 200 W).

In order to carry out hematologic examinations, 22 female adult Japanese quail,
Subdivided into 3 groups, were fed for 4 wk diets containing 0, 20, and 120 ppm HCB.
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Terminal blood samples were taken by puncture of the brachial vein. These cxaa -
tions included hemoglobin and hematocrit determinations, erythrocyte counts, |,
serum glutamic-oxaloacetic transaminase activity (Reitman and Frankei, 1437: o
a Beckman/Spinco 151 specktrocolorimeter.

HCB residues in liver and brain of animals fed 1 and 5 ppm HCB were deterin .
by gas chromatography with electron capture detection (Vos and Koenen, 1970).

In order to determine the recovery of the residue in determinations of HCB. dut:r. -
quantities of HCB were added to 5-g samples of homogenized liver tissue, rosultir &
15 final concentrations ranging from 0.2-100 ppm HCB. These determinations sh.: -

a mean recovery percentage of 47.9 = 6.0 SD; a low, but rather constant rccorver,
to the rather unfavorable partition coefficient of HCB between hexane and dis
formamide. A correction for the actual HCB content was not mada.

The significance of any difference between the treatment and control groups » -
measured using the van der Waerden test for 2 unrelated samples. usuaily on a two-sided
= significance level (van der Waerden, 1957). This test is a refinement of the Wilkke s
o test.

RESULTS

& The body weights of female quail fed the 5 ppm and the 20 ppm diet were signtfic s~
higher at the end of the study compared with birds fed the 0, 1, and 80 ppin dicts e -
Table 6). The general health of the birds remained unaffected except for the d: ¢ ™
group; 5 (4 females and 1 male) died between 18 and 62 days of the experient | ot
1), after a short period of rapid loss of weight, ruffled feathers, tremor. and atitvi. -

K

TABLE 1

MORTALITY AND FLUORESCENCE IN ULTRAVIOLET LIGHT OF
Japanese QuAIL FEbD HCB ror 90 DAys

Number of birds showing fluores.em.¢

Dietary Number Number in UV light
conc of of - o
(ppm) birds deaths Macroscopically Microsaoyica s
0 15 0 0 n
I 15 1 0 "
5 15 0 0 U
20 14 2 2 3
80 15 5 11 8

 Only liver, kidney, and small intestine tissue of the killed birds was studied s
UV microscope.

.. . . . . . RONTLE 10N
Significant increases in the coproporphyrin excretion (Table 2) were s¢en e

of the study in the 5 ppm and higher levels, though a dose-related higher exeretics "
already visible after 10 days of HCB feeding. This trend was also scen in the pev
porphyrin excretion (Table 2), but vanished in the last half of the experiment. te
a considerable rise of the protoporphyrin excretion in the control antina’™

IR T

Macroscopic fluorescence (Table 1) of liver, bile, small intestinc. hidness - L

was found in birds from the 80 ppm group that died, while the killed prrds it
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TABLE 2

TRERETION N Frors or HOB-Fro Japanese Quart (o 24 Hoers, Bl

COPROPORPHUYRIN AND Puoraponpiny s,
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TABLL. 2

COPROPORPHYRIN AND PROTOPORPHYRIN EXCRENMON IN Frces or HCB-Fib JAPANESE Quail {;1g/24 Hours/Biri)*

Coproporphyrin Protoporphyrin
Time of Dietary conc (ppm) Dietary conc (ppm) E
sample S e~ . R e R = >
(days) 0 x 5 20 80 0 ! 5 20 80 =
. e - N e e L e oo . . e R . . %
10 14.6 (5) 21.2(5) 55.2(5) 59.8 (5) 103.2 (5) 18.4(5)  204(5) 44.6 (5 — 119.6 (5) S
30 20.2(5) 36.8 (5) 60.8 (5) 84.4 (5) 135.6 (5) 18.4(5) 102.0(5) 54.2(5 107.0 (5)  93.6(5 7
52 21.6 (5) 56.2 (5) 49.2 (5) 43.6 (4) 75.0 (3) 63.2(5) 804 (5 63.6(5 113.2 4) 9503 E
66 35.8 (5) 56.8 (5) 28.6 (5) 64.2 (4) 90.0 (10) TI.8(5)  64.6(5 65.6(5) 70.8(4)  87.010) :
87-89" 26.0 (5) 32.4(5) 72.8 (5)\ ¢ 55.4 (40N 112.0(10) 064.2(5) B88.0(5) 67.4(5 78.0(4) 102.6 (10) 2
(24.2 (5)) 29.6 (1 73.4 (5) 71.4 (4) 27.4(5)  444)  80.6 (5) 75.6 (4) '—3
31.8 (5) 41.0 (5) 80.0 (5) 81.2 (4). 1I01.0(5)  67.2(5) 8525 99.2 (4) =

* The number of birds per samplc is given in brackets. .
* In this case, feces were collected from 3 separate cages, in order to make statistical analysis possible.
“P - 0.05, on a one-tail significance level.
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showed only a weak red fluorescence of bone. Two birds from the 20 ppm group show ey
red fluorescence of liver (a bird that died) and liver as well as bone (a kilied bird).

The mean egg production per female per day (Table 3) did not differ signiticantly
tween the groups. The sull high production per living quail in the 80 ppm group
remarkable. The hatchability of the fertile eggs (Table 4) was lower in the contr.4
animais as compared with the | and 5 ppm groups. A strongly reduced hatchabyi.iy

TABLE 3
EGG ProbucTioN OF JAPANESE QuailL FED HCB For 90 Davs

Mean egg production per female per day

Dietary conc

(ppm) Cage | Cage 2 Cage 3
0 0.37 0.49 0.30
1 0.34 0.27 0.64
5 0.44 0.60 0.57
20 0.70 0.71 0.56
80 0.51 0.68 0.46

TABLE 4 ‘
REPRODUCTION RESULTS OF JAPANESE QUAIL FED HCB FOR 90 DAy

Hatchability (94 hatch of all fertile eggs)

Dietary -
conc Eggs collected Eggs collected Eggs collected
(ppm) on day 37-46 on day 64-73 on day 81-90

0 36 47 40

1 69 59 62

5 59 56 57

20 27 39 23

80 17 7 0
TABLE §

SHELL-THICKNESS INDEX AND VOLUME OF EGGS FROM
Japanese QualL Fep HCB ror 90 DAYs®

Dietary Number

conc of Shell-thickness
(ppm) eggs index Volume
0 25 0.93 +0.07 10.0 = 0.7
1 25 0.96 = 0.07 9.9 -0.3
5 25 0.92 - 0.09 10.1 + 0.8
20 25 0.91 = 0.07 9.4 +08"
80 25 0.94 = 0.06 9.1 = 0.9

¢ Mean values = SD.
P P < 0.05.
<P <00l

TABLE 6

ORGAN WEIGHTS AND ORGAN:BoDY WLIGHT RAT10s 0F KiLtkn FEMALE JAPANESE QUAIL FEp HOB ror 90 DAys®

Organ weight ()

Nt
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TABLE 6

ORGAN WEIGHTS AND ORGAN: Buny WLIGHT RATI08 OF KiLLeD FEMALE JAPANESE Quait FEb HCB 1or 90 Days’

Dictary Number Terminal
cone of body weight
(ppm) female birds (2)

0 12 149 ;. 8.7
1 1 148 - 13.4
> 12 157 . 10.1°
20 9 161 1 10.6°
80 7 148 1 15.5
0 12

1 11

5 12
20 9
80 7

Feart

1.16 1 0.08
1.18 1.0.21
1.24 1.0.13
1.36 1 0.22%
1.03 +0.15

0.78 +0.07
0.80 L 0.14
0.79 1 0.07
0.851 0.12
0.70 1 0.10"

Orpan weight (g)

Liver

4.61 1 1.03
4.71 1 0.98
6.35 1 1.65°
7.64 1 1.35¢
7.95 i 2.28¢

Organ: body weight ratio (g/100 g

3.08 1 0.57
3.18 1 0.66
4.04 1 0.96”
4.75 | (‘).71"
531 1 1.25¢

Spleen

1 0.026
1 0.041
1 0.015
1 0.013
1 0.015

0.067
0.067
0.062
0.064
0.045

body weight)

1 0.017
£ 0.031
0.039 1 0.030
0.040 | 0.008
0.031 1 0.011

0.045
0.047

1.37 11 0.12

Kidneys

1.39 1 0.18
.31 1 047
1.58 1.0.29
1.64 | 0.17

0.93 .1.0.08
0.88 1 0.08
1.01 i 0.18
1.03 1 0.11"
0.93 1 0.05

ALI3IXOL ANIZNIAFOYOTHIOVXIH

@ Mcan values .1 SD.
b p-i0.08.
<p-.0.01.
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was found in eggs from the 80 ppm group when compared with the controls. Egg-shell
thinning did not occur in any of the test groups. but the egg volumes were significantly
reduced in the 20 ppm and 80 ppm groups (Table 5). '

Organ weights and organ: body weight ratios of the female quail are given in Table ¢
The heart weights increased significantly in the 20 ppm group. while the heart-bod\
weight ratios were decreased significantly in the 80 ppm group. Liver weights and Iiver
body weight ratios increased significantly in birds fed the 3, 20. and 80 ppm HCB dicts
Kidney:body weight ratios were increased significantly in the 20 ppm group. Duose
related, increased liver weights were also observed in the males (3 birds per group).

Microscopic examination revealed the presence of lymphoid foci in practically all
tissues of birds from all groups. including control animals. The distribution and meun-
ing of those foci in chickens is already described by Lucas et al. (1954).

Since HCB is a hepatotoxic compound, special attention was paid to this organ
Pathologic findings in the liver of killed birds are given in Table 7. Histologic examing-
tion of all livers showed the presence of light to sometimes moderate centrolobular fatts
infiltration in many. mainly female birds including the control animals. This infiltration

TABLE 7

PATHOLOGIC FINDINGS IN LIVERS OF JAPANESE QUAIL FED HCB For 90 Days

Dietary conc (ppm): 0 1 5 20 30

Number of birds: 12 2 1t 3 123 9 3 8 :

N T S S )
Heterophils infiltration in lymphoid foci 2 — 2 — 1 — 4 — 5
Heterophils infiltration in periportal area ] — — — — — 2 — 5

Heterophils in sinusoids I — 1 — 2 — 4 — 4 !
Basophilic cells in sinusoids _ = - — 1 13— 4

2 . 2 — 3 2

Scattered swollen degenerated hepatocytes —_ = - —
(cellular edema)

“Foamy™ aspect of isolated hepatocytes T

Lysis of isolated hepatocytes I — — — 1

Necrosis of isolated hepatocytes _ = — — 1

Enlargement of nuclei —_ = - 1 1

Hypertrophy of nucleoli e
1
1

h e — W
|
>

tn
1
i

Proliferation of bile ductulesand "oval™"cells — — — —
Protein droplets in hepatocytes, sinusoids,or -— — — —
central veins

o |
LA VIR SN IV R Y

w
i

v

was mostly fimited to the margin of the lateral part of the left lobe. The morphoeles
varied between plurivacuolar and large monovacuolar infiltrations. The frequene
fatty infiltration decreased with increasing HCB concentration it was only incidentait
found in birds fed 80 ppm. It was considered not to be due to the HCB treatment. \”:..:
it is a common finding in laying birds. Perls stain for iron generally resulted in me
positive Kupffer cells and parenchymal cells in birds fed the 80 and 20 ppm dict> T
Perls’ positive material in the Kupfler cells stained also PAS positive, slightly 5“‘1':’:
black. and Ziehl-Neelsen positive and showed a yellow-brownish fluorescence. ©7
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HCB-induced enlarged liver cell nucleoli were studied, using the methyl green-pyronin
stain: the nucleoli stained intensely with pyronin, which indicates an increase of RNA
content. Liver damage in the birds dying from the &0 ppm diet was more severe: especi-

= el
. - . &
e TN Bt
MBI 1

e “",“'."* . N

FiG. 1. Severely affected liver of a killed female bird from the 80 ppm group. Note the enlarged nuclei,
the hypertrophied nucleoli (white arrow), and the proliferation of bile ductules and bile ductular cells
(black arrow). Hematoxylin and eosin. » 640.

FiG. 2. Erythrophagocytosis in the spleen of a killed bird fed 80 ppmt HCB. Marked sequestration of
red blood cells in the reticular tissue of the white pulp (black arrow), surrounded by iron-loaded
Macrophages (white arrow). Hemoglobin-hemosiderin. - 640.
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ally the enlargement of the nuclei {(Fig. 1), necrosis of single parenchymal cells. the
occurrence of protein droplets, proliferation of bile ductules in the portal region and the
occurrence of “‘oval™ cells. These oval™ cells are probably proliferating ductufar

PAS-post

Fi1G. 3. Ceroid granuies in the kidney tubules of a female quail fed HCB for 90 days. (a} et
o

ceroid granules in the cytoplasm of tubular cells. Note the decreased PAS staining of ‘h"-' £ .
PAS. -640.(b) Fluorescence of ceroid granules in the tubular epithelial cells. Unstained section:
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epithelial cells as was shown in an electron microscopic study of hepatic degeneration
by Grisham and Hartroft (1961). The proliferation of bile ductules was not accom-
panied by fibrotic activity (azan stain). The reticulin stain showed that the normal
architecture of the lobules was preserved. Fibrin could not be demonstrated in the
protein droplets.

Following the description by Lucas et al. (1954) of the histology of the chicken spleen,
amoderate sequestration of erythrocytes (Fig. 2) was found in the wide laver of reticular
tissue. surrounding the splenic arteries, in most female birds of the 80 ppm group and
rarely in the 20 ppm group. Some sequestration was also recorded in the male birds of
control and experimental groups, although it seemed dose-related. Hemosiderin was
found in the white pulp macrophages surrounding the reticular tissue (Fig. 2) and in the
red pulp in birds of the 80 ppm group and also in 20 ppm fed birds. The red pulp was
generally reduced in the 80 ppm group, which might explain the lower spleen weights
found in this group.

Kidney damage was also observed in HCB-treated animals. It was found in animals
fed 20 ppm and to a greater extent in 80 ppm fed birds: the epithelial cells of the convo-
luted tubules stained sometimes strongly eosinophilic. Swelling of these cells, a “foamy”
aspect, and incidentally protein droplets within the cytoplasm were noted. Rarely, the
center of glomeruli showed a smaller number of nuclei than were found in control
animals. This was often accompanied by Perls’ positive material, while the PAS stain
was sometimes less positive. Moderate to large quantities of Perls, positive granules
were demonstrated in the convoluted tubules and in the tubuli recti in nearly all birds
from the 80 ppm group: slight to moderate quantities in kidney sections of the 20 ppm
group. Selected sections of the 80 ppm birds showed that the Perls’ positive granules
were also positive with PAS, Sudan black, and Ziehl-Neelsen and showed a yellow-
brownish fluorescence (Fig. 3a,b). _

Light to severe loss of transverse striation under polarized light was found in the
skeletal muscle sections of nearly all birds of the 80 ppm group. This was sometimes
accompanied by increased birefringence of eosinophilic cells or by loss of birefringence
of fragmented cells. Atrophy of muscle cells was also found in birds of this group which
died.

The glandular stomach of 3 killed birds from the 80 ppm group showed degenerated
and sometimes necrotic cells in the terminal secretory part of some deep proventricular
glands. Infiltration of heterophils was also present in 2 cases.

In the pancreas of a female bird of the 5 ppm group, an adenocarcinoma of the exo-
¢rine pancreas was found.

No evidence of any microscopic change in the sections of the other organs was
observed.

The results of the hematologic examinations of birds fed 0, 20, and 120 ppm HCB for
4 wk are given in Table 8. Two birds from the 120 ppm group died. Significantly de-
Creased hemoglobin and hematocrit values occurred in the 120 ppm group. Serum GOT
activity was significantly increased in both test groups, which can be associated with the
liver damage found in the 90 days test.

Tissue HCB concentrations of birds fed I and 5 ppm are given in Table 9. Signifi-
Cantly higher brain levels were found in the males as compared with the females: liver
residues were not significantly higher in the males.
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' TABLE 8 7 The spe
RESULTS OfF THE HEMATOLOGIC EXAMINATIONS MADE IN FEMALE Jaranis ()1 vy ¥-~cared to |
Fep HCB ror 4 WEEKS® “ rins ca
Dietary  Number ;f‘t\rphyrog
conc of Hemoglobin Hematocrit Erythrocytes SGOT _:otoporpl.
{(ppm) birds (g 100 m}b) (°0) {105 mm%) s 3963) attri
_ S “ALA) syni
0 6 16.6 = 2.1 49.3-5.5 29-0.3 i~ 2 A nkrease n
20 6 13.7=1.5 452 =34 2803 BT IR f
120 8 11.8 =23 39.6 = 7.1° 27205 s,y w HCBea
i aduction ¢
7 Mean vajues = SD. ; abbe (196
b p<£0.05. Jyrogenic
TABLE 9 _‘“rph\rlc ]
Eeophy of €
TissCE HCB CONCENTRATIONS OF JAPANESE QUAIL **'aphv is v
Fep HCB ror 90 Days L
o dready dis
I ppm 5 ppm wanalysis of
e - #grotein nitl
Liver Brain Liver _Hian § Nuclear
7 Females 5 Females 7 Fema/f’s ) Pooes *d Le Pag
0.48 033 ~ 6.35 e §“ dimethy
0.35 0.42 9.41 bk giraction to
1.61 0.38 8.48 P Pigment ;
0.50 0.22 4.86 €0 CB. and .
1.15 1.01 9.22 b .
0,60 0 5;} o Ose-relate
0.86 — 4.33 oot "OWedTa _
R - R Jeehl-Neel:
Mean (.79 Mean 0.47 Mean 6.38 Moean U A Ebular cell
'  :d HCB. T
3 Males 3 Males 3 Males C M %, :
0.41 0.71 16.70 3 3 69 dor
158 > 28 488 s 3hsociated
4.39 3.37 4.10 K | Decrease
- . e anerr
Mean 2.13 Mean = 2.32¢ Mean  8.56 M H s of the
- ¢! To el
¢ P -2 0.05, on a one-tail significance level, between males and females. T, O‘el o
i prior st
S I C.
DISCUSSION . )u(.?hcé:nl
Subacute feeding of 5 ppm HCB to Japanese quail resuited in incre ased e ;? #d the pe
(Table 6), increased fecal coproporphyrin excretion (Table 2). and Ghght inet & B ;; The sigr
(Table 7). Using these parameters. a no-effect level of 1 ppm in the Jdry lew ’ds(Tah
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eggs from the 20 ppm and 80 ppm groups (Table 5). However. it mu~l} et Snly Park
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that the quail is not a very suitable animal for such experiments: ¢.¢& , :'f"-"
. . . . 2 A PYEN
ning in the quail can be produced only using a heavy DDT dosage (Bitman ¢
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The spectrophotometric determination of the fecal coproporphyrin excretion ap-
peared to be a very sensitive criterium (Table 2). Thus an increased excretion of por-
phyrins can possibly be used as a method to determine no-effect levels of other
porphyrogenic chemicals, especially since enlarged excretion of coproporphyrin and
protoporphyrin was already demonstrated after 10 days of HCB feeding. Granick
(1963) attributes the porphyria to an increase in the activity of 3-aminolevulinic acid
(ALA) synthetase, in chick embryo liver cells in vitro, as the main action of HCB. This
increase in enzymatic activity resulted from a de novo synthesis of ALA synthetase.

HCB caused a remarkable liver enlargement (Table 6), which is possibly related to an
induction of the drug enzyme system, or to the porphyrogenic action. Lottsfeldt and
Labbe (1965) found a doubling in liver size within 3 days, after injections with the por-
phyrogenic chemical allylisopropylacetamide. The RNA per cell increased 44°; in the
porphyric liver while the DNA per cell remained unchanged. HCB-induced hyper-
trophy of the nucleolus was found in the present study (Table 7, Fig. 1). This hyper-
trophy is very likely due to an increase of RNA content (positive for pyronin), as is
already discussed by Rouiller (1964) for thioacetamide and ethionine. Biochemical
analysis of isolated nuclei revealed an increase in RNA content and in the RNA:
protein nitrogen ratio.

Nuclear enlargement was also found in the present study (Table 7, Fig. 1). Christie
and Le Page (1961) discussed the significance of the large nucleus phenomenon, found
in dimethyinitrosamine administration, and consider it a rather common liver cell
reaction to chronic toxic injury.

Pigment granules were found especially in the kidney tubular cells of birds fed 80 ppm
HCB. and in the Kupfler cells of the liver of both test and control animals, although
dose-related and most pronounced in the 80 ppm fed animals. These granules (Fig. 3a,b)
showed a yellow-brownish fluorescence and stained with PAS, Sudan black, and
Ziehl-Neelsen, which strongly indicate ceroid pigment. Lipofuscin deposits in the
tubular cells of the kidney are also suggested by Campbell (1963) in his study with rats
fed HCB. The pigment granuies stained also positive with Perls, but Porta and Hartroft
(1969) do not consider the iron an integral part of ceroid pigment, although it is often
associated with ceroid pigment.

Decreased hemoglobin and hematocrit values (Table 8) are indicative for a micro-
cytic anemia: the erythrophagocytosis in the spleen suggests an increased turnover
rate of the red blood cells.

To elucidate the tremor, observed in birds from the 80 ppm group and also observed
in prior studies using Japanese quail (Vos et al., 1968) and rats (Ockner and Schmid,
1961: Campbell, 1963), a detailed study of the nervous system seems to be important,
though Campbell (1963) did not find any histologic lesion in the central nervous system
and the peripheral nerves.

The significantly higher brain residues found in the males as compared with the female
birds (Table 9) can be explained by the excretion of HCB through the egg; high egg resi-
dues were found in a prior study (Vos et al., 1968).

Not much information is available about the possible metabolic breakdown of HCB.
Only Parke and Williams (1960) state that at least no ethereal sulfates, glucuronides,
or mercapturic acids are formed after oral and subcutaneous administration of HCB to
rabbits.

WP Fjess
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In this subacute study it is found that the no-effect level of HCB in Jz?g:ncsc quoat
was | ppm. The mean liver residue of the female birds in this group was 0.79 ppm _ txz
mean liver residue in the 5 ppm group was 6.88 ppm (Table 9). Liver residues of 6 Japa-
nese quail, that died after feeding of 100 ppm HCB, ranged from 8510 720 ppm. men
235 ppm (Vos et al., 1968). Liver residues of 14 birds of prey: sparrow-hawi t 4¢. 7. ¢+
nisus), buzzard (Buteo buteo), and hooded crow (Corrus cornix), found in the helb: A
The Netherlands during 1965-1968, ranged from 0.8 to 431 ppm, mean 43.5 ppm (V.
et al.. 1968). Liver residues of 20 birds of prey and owls: kestrel (Falco tinun uiso,
buzzard (Buteo buieo), sparrow-hawk (Accipiter nisus) marsh harrier (Ciroo
aeruginosus), barn owl (Tyto alba), long-eared owl (Asio otus), and crane (Gruc ¢i s,
found in the field in The Netherlands in the winter of 1968-1969, ranged from I | 4 ¢
ppm. mean 48.2 ppm (Koeman et al.. 1969a).

It is concluded, from the residues found in wild birds when compared with the rev.
dues found in this study in Japanese quail, that the use of HCB as a seed drosing, v
have noxious, perhaps sometimes lethal, effects on birds of prey, when they have 1od
on seed-eating animals that are contaminated with HCB.
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