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Results of Two-Year Toxicity and Reproduction Studies

on Pentachlorophenol in Rats

{ B.A.SCHWETZ, J.F. QUAST, P.A. KEELER, C.G. HUMISTON,
i andR.J. KOCIBA

Abstract—Male and female Sprague-Dawley rats were maintained on diets
containing pentachlorophenol (PCP), characterized by a low content of
nonphenolic impurities, for up to 24 months. Pentachlorophenol (PCP) was not
found to be carcinogenic when administered to rats in their diet on a chronic basis
at dose levels sufficiently high to cause mild signs of toxicity (1, 3, 10, or 30
mg/kg/day). Effects at the high dose level included decreased body weight gain
{females), increased serum glutamic pyruvic transaminase activity (males and
females), and increased urine specific gravity (females). An accumulation of
pigment was observed in the livers and kidneys of females at 30 and 10 mg
.PCP/kg/day and males at 30 mg/kg/day. Ingestion of 3 mg PCP/kg/day or less by
females and 10 mg/kg/day or less by males was not associated with significant
toxicologic effects. To evaluate the effects on reproduction, rats were fed 8 or 30 mg
PCP/kg/day for 62 days prior to mating, during 15 days of mating, and
subsequently throughout gestation and lactation. A reduction in the mean body
weight was observed among the adult rats at the highest dose level. Except for a
significant decrease in neonatal survival and growth among litters of females
Ingesting 30 mg PCP/kg/day, measures of reproductive capacity were unaffected at
both dose levels of pentachlorophenol. Ingestion of 3 mg PCP/kg/day had no effect
on reproduction or neonatal growth, survival, or development.

BA. SCHWETZ, J.F. QUAST, P.A. KEELER, C.G. HUMISTON and R.J. KOCIBA

* Toxicology Research Laboratory, Health and Environmental Research, Dow Chemical-

US.A., Midland, Michigan 48640, U.S.A.

301

d

1}
| ]

¥

FALRY

i
U
At

e

AM ¥ b

[*




FE STR

<~ L
LYYIE L X QPR FY L N N O

AL

1ICUTIAININ
SN IVeY)

3
EY

"y

*tvmaL

£ RN L ASy

R P S SR .

LI Yy

© | Q

302 ' B.A. Schwetz ¢
Introduction
Pentachlorophenol is a registered antimicrobial agent used widely for the

preservation of wood. The acute oral LD,, of the pentachlorophenol (PCP) ugeq in
these studies was approximately 150 mg/kg in rats (unpublished data: Dow,

*Chemical Company, Midland, Michigan). In subchronic toxicity studies conductey

on this same pentachlorophenol, no gross pathological or histopathological change,
were noted in rats maintained for 90 days on diets providing 3, 10, or 3¢ m

PCP/kgl/day. Increased kidney weights were observed at 30 mg PCP/kg/day angd
increased liver weights were observed at 10 and 30 mg PCP/kg/day (Johnson e g;

1973). PCP has been found to be toxic to the developing embryo and fetus of rat,;
but was not teratogenic (Schwetz et al., 1974). The purpose of the studies reporteq
herein was to determine the potential of PCP to interfere with the reproductiye
capacity of rats as well as to evaluate the toxic effects, including carcinogenicity,
that might be associated with the chronic ingestion of pentachlorophenol.

Experimental Procedures

Pentachlorophenol was mixed in the diet of the animals and was provided free
choice at all times. To evaluate the effects on reproduction, Sprague-Dawley rats
(Spartan substrain, Spartan Research Animals, Haslett, Michigan) were fed 0, 3, o
30 mg PCP/kg/day. Each group consisted of 10 males and 20 females. The rats weye
fed PCP for 62 days prior to mating as well as during 15 days of mating. The males
were then separated from the females during gestation and lactation but all rats
continued on the test diets. At the time of weaning, all adult and weanling rats were
necropsied. The skeletons of the weanlings were prepared and stained for
examination.

In the chronic toxicity study, rats were fed 0, 1, 3, 10, and 30 mg PCP/kg/day.
Female rats were maintained on the test diets for 24 months but the male rats were
terminated after 22 months because of high mortality among the control and the
experimental rats. At each dose level, 25 rats of each sex were utilized. An
additional two rats of each sex were included at each dose level to provide tissues for
chemical analysis. Hematology and urinalysis data were collected at the end of 12
months. Observations at the termination of the study included hematology, clinical
chemistry, urinalysis as well as measurement of organ weights, and a gross and
microscopic examination of tissues. Observations during the study included
measurements of body weights and food consumption at monthly intervals as well
as observations for overt alterations in behavior.

The results of chemical analysis of the sample of PCP used in these studies are
given in Table 1. This sample was representative of commercially available
pentachlorophenol identified as DOWICIDE® EC-7 antimicrobial (Dow Chemical
Company). This is a purified grade of pentachlorophenol characterized by a lower
content of nonphenolic contaminants than is found in technical grade
pentachlorophenol. The test diets were prepared by mixing PCP dissolved in anisole
with ground Purina laboratory chow to make a 1% premix. The test diets were then
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TABLE 1. Analytical Description of the
Pentachlorophenol (PCP) Sample

Used in these Studies

Phenolics Percente
Pentachlorophenol 904 = 10
Tetrachlorophenol 104 = 0.2
Trichlorophenol <0.1¢
Nonphenolics ppm?
Dibenzo-p-dioxins

2,3,7,8-tetrachloro- <0.05¢

hexachloro- 1.0 =+ 0.1

heptachloro- 65 = 10

octachloro- 150 + 3.0
Dibenzofurans

Hexachloro- 34 = 04

heptachloro- 18 = 03

octachloro- <l1c
Hexachlorobenzene 400 = 40

2Average of 4 analyses by gas-liquid chromatography.

bAverage of 4 analyses by gas chromatography-mass
spectrometry.

€Concentration in the sample was less than the

indicated level of sensitivity for the analytical
method.

Prepared weekly from the 1% premix. The concentrations of PCP in the diet were
adjusted on a monthly basis to maintain the designated dose levels on a mg/kg body
weight/day basis according to the food consumption and body weights of the rats.
Groups of control rats of each sex received the laboratory chow to which anisole
without PCP was added.

In both studies, statistical evaluation of all continuous data consisted of an

analysis of variance together with Dunnett’s test for comparison of means of

€xperimental and control groups (Steel and Torrie, 1960). Incidence dat: were
analyzed by the Fisher exact probability test (Siegel..1956). P values less than 0.05
Were considered significant.
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TABLE 2. Body Weights of Adults and Survival of Neonates of Rats Fed

Pentachlorophenol (PCP) in a Reproduction Study

Dose level (mg PCP/kg/day)

0 3 30
Body weight, g, Mean £ S.D.
MALES
Number of rats 10 10 10
Day 0 220+ 7 225 + 11 213+ 8
29 405 %= 28 394 + 32 374 £ 26
62 501 £ 46 480 + 44 463 + 36
169 619 + 62 590 + 67 570 £ 42
FEMALES
Number of pregnant rats 16 17 19
Day O 187+ 9 184 £ 11 187 £ 10
29 259 = 11 259 £ 15 256 + 16
62 298 + 13 293 + 18 287 + 16
21 postpartum 344 £ 21 334 £21 308 + 258
(~110days)
Reproduction indices (percent)
Pregnancy 80 (16/20) 85 (17/20) 95 (19/20)
Liveborn pups 97 (174/180) 96 (195/204) 91 (183/206)
24-Hour survival 98 (171/174) 98 (191/195) 96 (180/188)
7-Day survival 96 (167/174) 95 (186/195) 81 (153/188)
14-Day survival 95 (166/174) 94 (183/195) 79 (148/188)
21-Day survival 95 (165/174) 94 (183/195) 76 (142/188)

9Significantly different from control by Dunnett’s test, p < 0.05.
bSignificantly different from control by the Fisher Exact Probability test, p < 0.05.

Effects of PCP on Reproduction in Rats

Toward the end of the study, the mean body weight of the female rats at the
high dose level (30 mglkg/day) was significantly less than that of control rats
(Table 2). Daily observation of the male and female adult rats and their litters
revealed no treatment-related effect on demeanor or physical appearance. Ingestion
of 3 mg PCP/kg/day had no effect on the percent of pregnancy among females or on
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TABLE 3. Litter Size and Weight of Rats Fed
Pentachlorophenol (PCP) in a Reproduction Study

Dose level (mg PCP/kg/day)

0 3 30
Litter Size, Mean = S.D.

Birth 11.6 + 3.0 115+ 3.2 99+21

Day 1 114+ 3.1 . 112+33 95+18

Day 7 11129 10.9 + 3.4 81+ 29

Day 14 111+ 28 108+ 3.3 78+ 2.8¢

Day 21 " 110+ 28 108+ 3.3 7.7+ 270

Neonatal body weight, g, Mean + S.D.

Day 1 7.1 £ 0.6 7.0 £ 04 6.1 £ 0.7¢
Day 7 141 £ 2.3 138 £+ 14 112 = 2.0°
Day 14 263 + 4.1 255 + 3.4 199 % 4.1¢
Day 21, male 41 = 9 38 == 17 30 % 5@
Day 21, female 40 =+ 8 38 =17 30 == 5°

aSignificantly different from control by Dunnett’s test, p<0.05.

the survival indices of neonates from the time of birth to the end of lactation, 21
days of age. Ingestion of 30 mg PCP/kg/day had no effect on the percent of
pregnancy but did cause a significant decrease in the percent of pups that were born
alive as well as significantly decreased survival to days 7, 14, and 21 of lactation.
Every male in each treatment group was fertile, that is, at least one of the females
with each male became pregnant.

The average litter size throughout lactation was not affected by the ingestion of
3 mg PCP/kg/day in the diet (Table 3). The average litter size among rats receiving
30 mg/kg/day was significantly lower than among controls on days 7, 14, and 21 of
lactation. The mean neonatal body weight was significantly less than the control
value at the high dose level, 30 mg/kg/day, but not at the low dose level, 3
mg/kg/day.

Necropsy of the weanling rats at the time of sacrifice revealed no changes that
were visible externally or upon visceral examination that were related to ingestion
of PCP. There was a significantly increased number of litters at the high dose level
of PCP which showed variations in the development of skeletal structures — lumbar
spurs and vertebra with unfused centra. These skeletal variants probably reflect
perinatal toxicity rather than an effect on the neonate alone.

As in the previous study on rat embryos (Schwetz et al., 1974) the results of this
reproduction study indicate that developing or neonatal rats are more sensitive to
the toxicologic effects of PCP than are adult rats. This is further substantiated by
an age-related difference in the LD,, of PCP in rats — being about 150 mg/kg in
adult rats and about 65 mg/kg in 3-4 day old rats (unpublished ddta, Dow Chemical
Company, Midland, Michigan).
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306 B.A. Schwetz ¢ al Effects of !
The Two-Year Toxicity Study of PCPin Rats : summari
kidneys -
Ingestion of PCP did not affect the demeanor of animals, the mean food but not 1
consumption or their survival. Hematology measures including the hemoglobin hematox
levels, packed cell volume, total erythrocyte counts, and total and differential leukocyt, pigment
counts were not affected by ingestion of PCP. The mean body weight of the femaleg SUrrounc
at the high dose level was significantly less than that of control rats throughoyt proxima.
much of the study. The mean of the monthly body weights of the rats during th stains: ¢
last twelve months of the study was 428 grams for the female control rats compareq Periodic
to 378 grams for the females at the high dose level, 30 mg/kg/day. There was , pigment
significant increase in the serum glutamic pyruvic transaminase activity among the mg/kg/d
male and female rats at the high dose level at the termination of the study (males: MmAacrosc
control - 38 + 16, high dose - 63 + 13; females: control - 36 + 8, high dose - 48 + liver anc
15). There was an increase in the specific gravity of urine among the female rats a4 at 10 an
o the high dose level after one year but not at the termination of the study. Among other n
% . the rats killed at the termination of the study, the weights of the brain, heart, liver, ingestio
E Y HE kidneys, and testes of the rats in the experimental groups were comparable to those The
- of the controls. spontan
€ i The incidence of non-tumorous pathologic changes in rats fed PCP are are sum
h, : tumors
(- 3 thyroid
o > TABLE 4, Non-tumorous Pathologic Changes in Rats Fed rats wes
t (: X Pentachlorophenol (PCP) for 22 Months (Males) and 24 Months (Females) uterus
:
: EZ Males Females
: Z: Dose: mg PCP/kg/day 0 1 3 10 30 0 1 3 10 30 A
1 £ Number of rats examined 27 26 27 27 27 27 27 27 271 27
ni
ﬁ GROSS OBSERVATIONS Number of rats affected .
i, Liver — dark, discolored 0O 0 0 o0 O 0O 0 0 2 14
Do
Kidney —dark,discolored 0 0 O O O 0O 1 0 3 12
MICROSCOPIC Nu
OBSERVATIONS
Liver — brown granular Nu
pigment within :
hepatocytes and reticulo- Nu
endothelial cells surround-
ing the central vein 0O 0 o0 o0 1 0O 0 0 8 16 N1
w1

Kidney — brown granular
pigment within the tubular Nu
epithelial cells
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summarized in Table 4. An accumulation of pigment was observed in the liver and
kidneys of the experimental rats. This was grossly recognizable among the female
put not male rats as a dark coloration of these organs. Microscopic examination of
hematoxylin and eosin stained sections revealed the presence of brown granular
pigment.ed material in these organs - in the liver, primarily in the hepatocytes
surrounding the central veins; in the kidneys, primarily in epithelial cells of the
proximal convoluted tubules. The material did not stain with any of the following
stains: oil red-O, nile blue sulfate, acid fast, Gomori’s stain for iron, McManus’
periodic Acid Schiff, Hall’s method for bilirubin and Stein’s method for bile
pigments. Approximately half of the females at the high dose level and a few at 10
mg/kg/day showed the dark colored liver and kidney. This was not observed
macroscopically in any of the male rats. Microscopic examination of sections of the
liver and kidney revealed the brown pigment in a larger number of the female rats
at 10 and 30 mg/kg and in the liver of a single male rat at the high dose level. No
other non-tumorous pathologic changes were observed which were related to
ingestion of pentachlorophenol.

The results of examinations of tumorous formations in the rats which died

the mean food
: the hemog]ob;n
“‘erential leukocy e
.izht of the females
1 rats throughoyy
‘he rats during th
itrol rats COMpareq
g/da_y. There wag a
activity among the
f the study {maleg:
8, high dose - 48 t‘
z the female ratg at
the study. Among
brain, heart, liver,
omparable to thoge

spontaneously or were necropsied in a moribund state or at the terminal necropsy 2k
rats fed PCP aye are summarized in Table 5. As expected in this strain of rat, the highest incidence of l“ !
tumors among male rats involved endocrine organs such as pituitary, adrenal, and ERE
thyroid glands, testes and pancreas. The frequently occurring tumors among female P
:8Fed rats were located in the mammary gland region. The pituitary, thyroid glands, and 2 el
ths (Females) uterus were the other organs with the most frequently occurring tumorous changes. : :
9
Females
3 10 30
S TABLE 5. Incidence of Primary Tumors (Based on Histopathological
27 27 27 Diagnosis) in Rats Fed Pentachlorophenol (PCP) for 22 Months (Males)
d and 24 Months (Females)
0 2 14 Males Females
Dose: mg PCP/kg/day
0 3 12 6 1T 3 10 30 0 1 3 10 30
Number of rats examined 27 26 27 27 27 27 27 27 27 27
Number of ratswithtumors 11 13 13 12 11 27 26 25 25 25
Number of tumors 17 14 17 15 16 62 67 42 63 63
0 8 16 Number of tumors/rats ’
with tumors 16 1.1 1.3 13 14 23 26 1.7 25 25
Number of morphologic
0 7 19 malignant tumors 1 3 2 1 0 2 7 2 3 2
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The highest incidence of tumors among the experimental groups was observeq at Schwetz
the lowest dose level of PCP (1 mg/kg/day); however, no tumors were observeq in gra¢
any group of experimental male or female rats at an incidence signifi(:antly ' Phq
different from that in the control rats. Rats ingesting diets containing PCP we, Siegel,:
. N . Cor

not submitted for necropsy examination earlier than control rats. Uk
The findings in this chronic toxicity study are consistent with those reported y,, SteeB.o(

other workers. Goldstein et al., (1976) have reported on the effects associated with
the ingestion of either pure or technical grade PCP in the diet for 8 monthg by
female Sherman rats. At the time of sacrifice, the livers of some of the rats givey
! v PCP in the diet were very dark in color. At least some but not all of the pigmen;
: appeared to be due to porphyrins since some of the dark livers contained levels of
' porphyrins no higher than that found in livers of some control rats. Goldstein et ¢/
E } (1976) concluded that the presence of chlorodioxins in technical grade
pentachlorophenol was almost totally responsible for the hepatic effects of PCp.
Kimbrough and Linder (1975) observed a prominent brown pigment in the
macrophages and Kupffer cells in the livers of rats fed technical grade PCP for
three months. The livers of rats fed technical PCP showed more ultrastructura]
changes than the livers of rats fed pure pentachlorophenol. Previous studies in our
own laboratory have also associated toxicological effects in animals with the
nonphenolic contaminants in pentachlorophenol (Johnson et al., 1973).

ot — N " M.
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;) , Conclusions

g0

E; In summary, the following conclusions have been drawn from these studies. In

(‘“:3 the single generation reproduction study in which PCP was given in the diet at dose

1 levels of 3 and 30 mg/kg/day, there was no significant effect on the fertility of rats

& but there was a significant decrease in neonatal survival and growth at the high

£ dose level, 30 mg/kg/day. The no-adverse effect dose level of PCP in the

3 reproduction study was 3 mg/kg/day. In the chronic toxicity study in which PCP

g; was given in the diet at dose levels ranging from 1-30 mg/kg/day, there was no
'

- carcinogenicity when rats were given dose levels of PCP which were significantly
high to cause signs of mild toxicity. The no-adverse-effect dose level of
pentachlorophenol in the chronic toxicity study was 10 mg/kg/day among the males
and 3 mg/kg/day among the females.
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