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Polychlorinated biphenyls (PCB) produced ultrastructural lesions in thyroid follicular
cells and reductions in serum thyroxine levels in rats that were time- and dose-
dependent. The acute effects (4 week) of PCB (50 and 500 ppm) consisted of an
accumulation of lysosomal bodies and colloid droplets in follicular cells with abnor-
malities of microvilli on the luminal surface. The chronic administration (12 week) of
PCB (50 and 500/250 ppm) resulted in a striding distention of many follicular cells with
large lysosomal bodies with strong acid phosphatase activity and colloid droplets, blunt
and abnormally branched microvilli, and mitochondrial vacuolation. These ultrastruc-
tural alterations in follicular cells were associated with a highly significant reduction in
serum thyroxine with both the low and the high dose of PCB. Follicular cells remained
responsive to the lowered thyroxine level after feeding PCB for 4 and 12 weeks and
underwent moderate compensatory hypertrophy and hyperplasia. Thyroid follicles
were smaller than in controls and were lined by more columnar cells that occasionally
formed papillary projections into the colloid. Residual ultrastructural alterations per-
sisted for 12 weeks following cessation of feeding the compound, and serum thyroxine
levels were significantly lower than in control rats. However, 35 weeks after discontin-
uing PCB, thyroid follicular cells were similar to those in controls and serum thyroxine
levels had returned to normal. The striling ultrastructural lesions in follicular cells pro-
duced by feeding PCB to rats appeared to contribute to the lowering of serum thyroxine
levels, in combination with the known stimulation of peripheral thyroxine metabolism
by these compounds. Certain metabolic alterations produced by PCB intoxication in
experimental animals and human beings may be related to an alteration in thvroid
function. (Am J Pathol 89:119-136, 1977)

THE WIDESPREAD CONTAMINATION of the environment with
polvchlorinated biphenvls (PCB ) has been well documented in several
recent reports.1`4 Polvchlorinated biphenvls are prepared by the chlorina-
tion of biphenyl and are complex mixtures containing isomers of chlorobi-
phenyls with different chlorine content. These compounds, because of
their noninflammability, high dielectric constant, and plasticizing abili-
ties, have gained Xvidespread use in industry as dielectric fluids in capaci-
tors and transformers, hydraulic and heat transfer fluids, as well as plas-
ticizers and solvents in adhesives and sealants. The escape of PCB into the
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environment through sewage outfalls and industrial disposal into water-
ways plus their long half-life have led to detectable levels in the adipose
tissue of a large proportion of the human population.5 Polychlorinated
biphenyl residues have been detected in rivers and oceans and tissues of
fish, wildlife, cattle, and poultry.2'3'7 Escape of PCB into the air from plas-
ticized materials, leakage of lubricants, hydraulic and heat transfer fluids,
and leaching from waste dumps also may contribute significant amounts
of PCB to the environment. The disease-producing capability of these
compounds has been documented in human beings, cattle, and poultry
following accidental contamination of foodstuffs with PCB.8-10

Intoxication with PCB results in the production of lesions in several
organ systems. In the liver, PCB is a potent inducer of microsomal
enzymes, resulting in the proliferation of smooth endoplasmic reticulum
in hepatocytes, and it may cause fatty degeneration and necrosis. 11-3
Epidermal hyperplasia and hyperkeratqsis, porphyria, and degeneration
of lymphoid tissues and kidney have been reported following PCB in-
toxication.1415 Polychlorinated biphenyl also has been shown to have an
adverse effect on reproduction and growth in several different animal
species. 16-18

Recent evidence indicates that PCB may cause alterations in thyroid
structure and thyroxine metabolism. In birds administered PCB, there is
enlargement of the thyroid gland and alteration of 13'I uptake by follicular
cells.'9'20 The administration of PCB to rats resulted in an increased '3'I
uptake, lowered serum thyroxine concentration, reduced protein-binding
of thyroid hormone, and increased conjugation of thyroxine and excretion
of thvroxine-glucuronide in the bile.2' 24 These findings suggest that some
of the metabolic alterations produced by intoxication with PCB may be
related to alterations in thyroid structure and function. Therefore, the
objectives of this investigation were to a) evaluate the histopathologic,
histochemical, and ultrastructural changes in thyroid follicular cells pro-
duced by the acute and chronic administration of high and low doses qf
PCB to rats, b) correlate the structural alterations in follicular cells with
changes in serum thyroxine concentration, and c) investigate the per-
sistence of the effects of PCB on the ultrastructure of thyroid follicular
cells and serum thyroxine levels.

Materials and Methods
Eight-week-old male Osborne-Mendel rats (FDA colony) were fed Purina rat chow

mixed with Aroclor 1254 (Monsanto Co., Inc., St. Louis, Mo. ) at concentrations of 50 and
500 parts /million (ppm) for 4 and 12 weeks. The PCB was mixed into the pulverize!d feed
using corn oil as a vehicle. Control rats received a similar diet with 3% corn oil but without
PCB and were housed in a separate room. The delayed and long-term delayed effects of
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PCB on the thyroid wvere investigated by feeding rats S0 and 500 ppm PCB mixed into rat
chow for 12 weeks followed by- 12- and .35-week intervals in which the rats received none of
the compound prior to euthanasia. Rats in the high-dose groups received 500 ppm of PCB
for the first 6 weeks but were switched to 250 ppm for the last 6 weeks because of anorexia
and weight loss. At euthanasia, rats from the high-dose group had a similar body weight as
control rats. All diets were stored at -25 C in hexane-cleaned metal containers until use.
The animals were housed indi'vidually in stainless steel cages with wire-mesh bottoms. The
daily lighting schedule was 12 hours of light followed by 12 hours of darkness. Feed and
water were available ad libitum.

Thyroid glands were collected from 5 rats at each time intersal (4 weeks. 12 weeks, 12
weeks with 12-week recoverx, and 12 weeks with 35-w-eek recoven-) and dose level (0. 50.
and 500 ppm PCB) for ultrastructural evaluation. The rats %vere killed immediatel! at
the end of each experimental interval using carbon dioxide asphyxiation, and their thyroid
glands were collected for electron microscopic, histopathologic, and histochemical eval-
uation. Tissue for electron microscopy was minced immediately under fixative into 0.5 to
1.0 cu mm blocks, fixed in cold 3% glutaraldehvde w-ith 0.1 NI sodium cacodylate buffered
at pH 7.4, postfixed in 1% osmium tetroxide in s-collidine. dehydrated in graded ethanols.
transferred to propylene oxide, and embedded in Epon (Shell Chemical Company, New
York, N.Y.). Thin sections were cut with a diamond knife on a LKB or Reichert OmU2
ultramicrotome and floated on a water bath buffered at pH 7.4. Sections were stained with
uranyl acetate and lead citrate and were examined w-ith a Philips 200 and 300 electron
microscope.

Five additional rats from each time inter-al and dose level were used for histochemical
evaluation of the thyroid gland and serum levels of thyroid hormone. Tissues for histo-
chemistrv were collected in dr- ice at necropsy. Acid phosphatase naphthol-AS-BI reaction
was evaluated on selected thvroid sections from rats in all experimental groups.25 Thy-roid
glands for histopathologic evaluation w-ere fixed in phosphate-buffered formalin and
stained with hematoxvlin and eosin and the periodic acid-Schiff reaction. Serum thyroxine
levels were determined in 5 rats at each time interval and dose level of PCB by- radio-
immunoassay (Bio-Science Laboratories. V'an Nuvs. Calif.).

Results
HistopatO and Histochnistry

Control Rats

The thyroid glands of control rats in all groups were similar histologi-
callv and will be described together. They were composed of prominent
follicles lined bv a single laver of cuboidal and low columnar epithelial
cells (Figure 1). Follicular cells had a lightly eosinophilic cytoplasm and a
centrally placed, round, basophilic nucleus. Colloid in the follicular lu-
mens was either homogeneous or slightly xacuolated near the periphery.
Thvroid C cells were present in small clumps of three to four cells
between follicles or as individual cells within follicular walls. Inter-
follicular capillaries were separated from follicles by a thin basement
membrane.

Low Dose Polychlorinated Biphenyl (50 ppm) for Four Weeks

Thvroid glands were slightly enlarged, and follicles were small and
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lined by a single layer of columnar epithelium. The cytoplasmic area of
follicular cells was lightly eosinophilic and vacuolated. Acid phosphatase
activity in follicular cells was increased compared to control rats.

High Dose Polychlorinated Biphenyl (500 ppm) for Four Weeks

Thyroid glands were enlarged and were composed of small, irregularly
shaped follicles lined by single or multiple layers of columnar epithelial
cells. Papillary projections of hyperplastic follicular cells extended into the
lumens of some follicles (Figure 2). Numerous cytoplasmic processes
projected into the colloid from the apical surface of follicular cells. Acid
phosphatase activity in the cytoplasm of follicular cells was increased
compared to control values.

Low-Dose Polychlorinated Biphenyl (50 ppm) for Twelve Weeks

Thyroid glands were enlarged and were composed of small follicles
lined by single or multiple layers of columnar cells. Cytoplasmic processes
extended from the apical surfaces of follicular cells into the colloid. The
cytoplasm of follicular cells was vacuolated, and the nucleus was basally
situated. Acid phosphatase activity in follicular cells was strong and
increased compared to control rats (Figure 3).

High-Dose Polychlorinated Biphenyl (500/250 ppm) for Twelve Weeks

Thyroid glands had changes similar to those described in rats fed
500/250 ppm PCB for 4 weeks. Papillary projections of hyperplastic
follicular cells and prominent cytoplasmic processes extended into the
colloid (Figure 4). The cytoplasmic area of follicular cells appeared vacu-
olated and had strong acid phosphatase activity.

Delayed Effects of Polychlorinateci Biphenyl

Thyroid follicles in rats receiving either 50 or 500/250 ppm PCB for 12
weeks followed by an interval of 12 weeks without PCB prior to eu-
thanasia were lined by a single layer of columnar cells. Multiple layers of
follicqlar cells with papillary and cytoplasmic projections were not present
in thyroids of rats from this group. The cytoplasm of follicular cells only
had occasional vacuoles, and there was peripheral scalloping of colloid.

Long-Term Delayed Effects of Polychlorinated Biphenyl

Thyroid glands of rats fed either 50 or 500/250 ppm PCB for 12 weeks
and followed by an interval of 35 weeks without PCB prior to euthanasia
were similar to those of control rats. Thyroid follicles were large and lined
by a single layer of cuboidal to low columnar cells. The cytoplasm of
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follicular cells was uniformly eosinophilic, and the nucleus was located
centrally. There was only a mild increase in acid phosphatase activity in
follicular cells compared to controls.

Urasbtuctl Elation of Throi Gbnds

Control Rats

Thyroid glands of control rats from all groups were similar and were
composed of follicles lined by a single layer of cuboidal cells situated on a
thin basement membrane. The cytoplasm contained long profiles of rough
endoplasmic reticulum with numerous cisternae containing a finely gran-
ular electron-dense material. The cisternae appeared as long narrow
spaces and were not dilated. The Golgi apparatus was of moderate size
and composed of flattened layers of smooth membranes associated with
small dense granules. Mitochondria with transverse cristae were scattered
throughout the cytoplasmic area. A narrow layer of electron-dense apical
vesicles was present near the luminal border immediately beneath the
microvilli. Microvillar projections from the luminal surface were uniform
in width and length. Occasional membrane-limited colloid droplets and
small, round lysosomal bodies were present in the cytoplasm.

Low-Dose Potychlorinated Biphenyl (50 ppm) for Four Weeks

Follicular cells were larger and more columnar than in controls (Figure
5). Profiles of rough endoplasmic reticulum were numerous, and their
cisternae frequently were dilated with a finely granular material. The
Golgi apparatuses were more prominent than in controls and were asso-
ciated with many small granules. The oval nucleus was basally placed in
follicular cells. Microvilli were shortened and irregular in shape and had
abnormal branching (Figure 6). Long projections of follicular cell cyto-
plasm often extended from the apical surface into the luminal colloid
(Figure 7). Electron-dense apical vesicles appeared to accumulate imme-
diately beneath the microvilli. Large abnormally shaped lysosomal bodies
with a heterogeneous internal structure were present in greater numbers
than in control rats.

High-Dose Polychlorinated Biphenyl (500 ppm) for Four Weeks

Follicular cells were more columnar than in controls and occasionally
were present in multiple layers lining thyroid follicles (Figure 8). The
cytoplasmic area contained long profiles of rough endoplasmic reticulum
that was often irregularly dilated by a finely granular material. Mito-
chondria were frequently swollen and had disrupted cnstae compared
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to thyroids in control rats. The basally located nucleus was oval and
contained coarsely granular chromatin. Striking changes were detected in
the microvilli on the luminal border of follicular cells as described in the
previous group. Microvilli were shortened and irregularly branched. Areas
of the luminal surface of follicular cells were devoid of microvilli. These
areas often had large cytoplasmic projections into the luminal colloid.
Numerous apical vesicles were present immediately beneath the altered
luminal surface. Membrane-limited colloid droplets and abnormally large
electron-dense Iysosomal bodies were increased in numbers within the
cytoplasm.

Low-Dose Polychlorinated Biphenyl (50 ppm) for Twelve Weeks

Follicular cells were more columnar than in control rats and had small
profiles of rough endoplasmic reticulum irregularly dilated with finely
granular material. The Golgi apparatus was compressed near the nucleus
and was less extensive than in controls. Mitochondria were large but
frequently were swollen and had disrupted cristae. There was a marked
reduction in the number and length of microvilli on the luminal surface of
follicular cells. The surface of follicular cells was irregular and had large
projections of apical cytoplasm that extended into the colloid. There was a
marked increase in large, membrane-limited colloid droplets in the cyto-
plasm. In addition, lysosomal bodies were increased in follicular cells of
rats of this group. They were extremely electron dense, irregular in size
and shape, and occasionally appeared to be fused with the colloid drop-
lets.

High-Dose Polychlorinated Biphenyl (500/250 ppm) for Twelve Weeks

Thyroid follicles were lined by single or occasionally multiple layers of
columnar cells. The Golgi apparatus and rough endoplasmic reticulum
were less well developed in follicular cells due to the abnormal accumula-
tion of numerous lysosomal bodies and colloid droplets (Figure 9). The
cytoplasmic area of some hypertrophied follicular cells appeared to be
distended by the large numbers of lysosomal bodies and colloid droplets.
Mitochondria were more irregular and swollen with disrupted cristae than
were those in rats from any of the other experimental groups. Microvilli
on the luminal surfaces of most follicular cells appeared to be abnormally
short, blunt, and branched (Figure 10). Extensive areas of the luminal
surface of follicular cells were devoid of microvilli, and occasionally
unique cytoplasmic projections extended into the colloid. These changes
were similar but more extensive than those in rats receiving 50 ppm PCB
for 12 weeks.
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Delayed Effects of Low-Dose (50 ppm) Polychlorinated Bipheny

Follicular cells were more columnar than in control rats and often had a
hypertrophied cytoplasmic area (Figure 11). There was less evidence of
multiple layers of follicular cells lining follicles than in the previous
experimental groups. Mitochondrial swelling and disruption of cristae
were less evident than in rats killed immediately after receiving PCB for
12 weeks. Microvilli on the luminal surface were fewer in number and
shorter than in control rats but were more normal in shape than those in
rats receiving PCB for 12 weeks and killed immediately. Few apical
vesicles were present beneath the microvilli. The number of irregularly
shaped extremely dense lysosomal bodies remained greater compared to
controls.

Delayed Effects of High-Dose (500/250 ppm) Polychlorinated Biphenyl

Thyroid follicles were lined either by tall columnar or hypertrophied
cuboidal cells, but there was less evidence of multiple layers of follicular
cells than in rats receiving PCB for 12 weeks and then killed. The rough
endoplasmic reticulum was less well developed than in controls, and the
Golgi apparatus was small. Occasional mitochondria were swollen and
had disrupted cristae. Microvilli on the luminal surface of some follicular
cells were short and blunt; however, many cells had normal appearing
microvilli. Large cytoplasmic projections from the luminal surface were
observed infrequently. Numerous irregular lysosomal bodies and colloid
droplets also were present in follicular cells.

Long-Term Delayed Effects of Low and High-Dose Polychlorinated Biphenyl

Follicular cells of rats receiving either 50 or 500/250 ppm of PCB for 12
weeks followed by an interval of 35 weeks without PCB were similar,
ultrastructurally, to those of control rats (Figure 12). The endoplasmic
reticulum was well developed and consisted of long profiles with narrow
cisternae containing a finely granular material. Dilated profiles of endo-
plasmic reticulum were present, but they were considerably reduced
when compared to previous experimental groups. The Golgi apparatus
was prominent and was associated with numerous dense granules. Mito-
chondria in follicular cells were present in similar numbers as in control
rats. Only an occasional mitochondrion was swollen with disruption of
cristae. Microvilli in the luminal surface were numerous and had a normal
configuration. Many apical vesicles were present immediately beneath the
microvilli. Lysosomal bodies and colloid droplets were markedly de-
creased in most follicular cells compared to previous experimental groups.
Lysosomal bodies present in follicular cells resembled those in controls
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and were round, with a more homogeneous internal structure. Only a few
follicular cells contained numerous irregularly shaped lysosomes similar to
those in the previous experimental groups. The residual ultrastructural
alterations in follicular cells of rats from this group appeared to be
minimal by comparison to all other PCB-treated rats.

Ultrastructural alterations were not detected in thyroid C cells related
to PCB administration.
Serum Thyroxine

The serum thyroxine concentrations of control and experimental rats
fed PCB were determined by radioimmunoassay, and groups were com-
pared statistically using the Student t test (Table 1). Thyroxine levels were
significantly reduced in rats fed 50 and 500/250 ppm PCB daily for 4 and
12 weeks. The greatest reduction in serum thyroxine levels occurred at 12
weeks in rats receiving the high dose of PCB (Table 1). Serum thyroxine
levels had returned toward normal values in rats administered either high
or low doses of PCB for 12 weeks followed by a 12-week recovery interval
without PCB prior to euthanasia, but they remained significantly lower
than in control rats (Table 1). In rats receiving PCB for 12 weeks followed
by a 35-week interval without PCB the serum thyroxine had returned to
within the normal range (Table 1).
Discussion
The daily feeding of polychlorinated biphenyl compounds to rats pro-

duced striking ultrastructural alterations in thyroid follicular cells and in
the metabolism of thyroid hormone. There was a progressive accumulation
of large, abnormally shaped lysosomal bodies with strong acid phosphatase
activity and numerous colloid droplets in follicular cells. Mitochondria

Table 1-Serum Thyroxine Levels (Mean ± SE) of PCB-Treated and Control Rats Determined
by Radioimmunoassay

Long-term
Delayed effects delayed effect
(12 weeks PCB; (12 weeks PCB;

Acute effects Chronic effects 12 weeks 35 weeks
Ratgroup (4weeksPCB) (12 weeks PCB) no PCB) no PCB)

(/ig/dl) (Agldl) (,g/dl) (,ugldl)
Controls 6.66 ± 0.3 7.18 ± 0.4 7.86 ± 0.8 6.18 ± 0.9
50 ppm PCB 4.80 ± 0.3t 1.96 ± 0.2t 4.90 ± 0.1* 5.86 ± 1.2
500/250 ppm PCB 2.10 ± 0.2t 1.78 ± 0.08t 3.01 ± 0.8t 6.02 ± 1.3

N = 5 rats per dose and interval.
* P < 0.025.
t P < 0.005.
t P < 0.001.



Vol. 89, No. 1 PCB EFFECT ON THYROID FUNCTION 127
October 1977

were swollen, and cristae often were disrupted. The lowest dose of poly-
chlorinated biphenyl (50 ppm) administered to rats in this investigation
for 4 weeks resulted in the formation of blunt, irregularly branched micro-
villi with unique cytoplasmic projections into the luminal colloid. These
ultrastructural changes were interpreted to be a direct effect of PCB and
were associated with a significant decrease in serum thyroxine levels after
4 weeks.

Follicular cells in rats receiving PCB for 4 and 12 weeks were hypertro-
phied and more columnar than in controls. They often were present in
multiple layers lining thyroid follicles and occasionally extended as papil-
lary projections of hyperplastic follicular cells into the lumen. The rough
endoplasmic reticulum and Golgi apparatus were well developed in fol-
licular cells and numerous apical vesicles were present near the luminal
surface. These ultrastruetural changes suggesting increased secretory ac-
tivity were interpreted to be a compensatory reaction by follicular cells to
the lowered blood thyroxine levels and were similar to those reported
following thyroid stirrulation by thyrotrophin."m These findings are
consistent with the report of Bastomsky,21 who detected increased 1311
uptake by the thyroid gland following PCB administration in rats. In
birds, this efect of PCB appears to be accentuated and results in a
goitrous enlargement of the thyroid gland.1' A similar compensatory
hypertrophy and hyperplasia of follicular cells has been produced in
animals by other polycyclic hydrocarbon compounds which also are in-
ducers of hepatic rnicrosomal enzymes.*'2n
More severe ultrastructural lesions were observed in thyroid follicular

cells with the higher dose (500/250 ppm) of PCB or with chronic adminis-
tration of the compound. After feeding the high dose of PCB for 12 weeks,
extensive areas of the luminal surface of follicular cells were devoid of
microvilli, and abnormal cytoplasmic projections extended into the lu-
men. Increased numbers of abnormal lysosomes and numerous colloid
droplets accumulated in the cytoplasm of follicular cells, resulting in
displacement and compression of the rough endoplasmic reticulum and
Golgi apparatus. Serum thyroxine levels were markedly decreased in rats
that had severe ultrastructural lesions in follicular cells after receiving
either the low or high dose of PCB for 12 weeks.

Residual effects of PCB on thyroid structure and function were ob-
served in rats evaluated 12 weeks after the last dose; however, minimal
alterations persisted in foilicular cells after 35 weeks. Microvilli were
fewer in number and shorter than in controls after 13 weeks' recovery;
large accumulations of lysosomal bodies and colloid droplets remained in
the cytoplasm; and serum thyroxine levels had incre4sed compared to rats
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fed PCB for 12 weeks and killed immediately but were still significantly
lower than in controls. These residual effects presumably were related to
the long half-life of PCB and storage in adipose tissue.33 Follicqlar cells
of rats fed PCB for 12 weeks followed by an interval of 35 weeks prior to
evaluation were similar ultrastructurally to controls, and serum thyroxine
levels had returned to within the normal range.
The striking ultrastructural alterations in thyroid follicular cells of rats

following PCB administration probably contributed in part to the highly
significant decrease of serum thyroxine levels in experimental rats. In spite of
the alterations in microvillar structure, follicular cells appeared capable of
taking up colloid droplets by endocytosis. However, the increased number
of lysosomal bodies with strong acid phosphatase activity in experimental
rats appeared unable to interact with colloid droplets in a normal manner
and hydrolyze the cleavage of active thyroid hormone from the molecular
structure of thyroglobulin in colloid droplets. This resulted in a striking
accumulation of colloid droplets and lysosomal bodies after chronic ad-
ministration of PCB, resulting in a displacement of synthetic organelles
such as the endoplasmic reticulum and Golgi apparatus.

In addition to the direct effect on follicular cells, PCB compounds are
known to significantly enhance the peripheral metabolism of thyroxine
and to reduce the binding.of thyroid hormones to serum proteins. This
results in a lowering of the levels of serum thyroxine and protein-bound
iodine in rats.21 The biliary excretion of thyroxinf is enhanced (four to
fivefold) by PCB, and following intravenous injection of 1251-thyroxine
there is an increased proportion of billary 125I as thyroxine-glucuronide."
The increased hepatic conjugation of thyroxine to glucuronic acid and
excretion in the bile in rats receiving PCB probably are secondary to the
induction of hep4tic microsomal thyroxine-UDP glucuronyltransferase."
The results of this investigation and other studies reported in the liter-

ature demonstrated a highly significant reductipn in serum thyroxine by
PCB. The lowering of circulating thyroxine levels by PCB is dose- and
time-dependent and appears to be the combined result of a direct effect
on thyroid follicular cells with an interference in hormone secretion plus
an enhanced peripheral metabolism of thyroxine. Some of the metabolic
alterations produced by PCB intoxication in experimental animals and
human beings such as decreased weight gain,8",6 reduced feed efficiency,'6
decreased reproductive performance,'8 and skin lesions with hyperpig-
mentation may be related to an alteration in thyroid function.
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Fg 1-Follicles lined by cuboidal epithelium and containing partially vacuolated colloid (C) in thyroid gland of rat
(H&E, x 315). Fir 2-Irregularly sized follicles in thyroid gland of rats fed 500/250 ppm PCB for 4 weeks. Many
follicles (F) were smaller than in control rats, were lined by tall columnar epitheJium, and contained sparse colloid.
Papillary projections of hyperplastic follicular cells (arrow) and apical cytoplasmic processes (arrowheads) extend into
the follicular lumens. (H&E x 315) Fore 3-Strong acid phosphatase reaction in apical portions of thyroid follicular
cells (arrow) of rats fed 50 ppm PCB for 12 weeks (x 315). Fgu 4-Papillary projections of hyperplastic follicul4r
cells (arrows) extend into the lumen of a thyroid follicle lined by tall columnar cells. Rat fed 500/250 ppm PCB for 12
wks. (H&E, x 315)



Figure 5-Thyroid follicular cell with expanded cytoplasmic area containing numerous dilated
profiles of rough endoplasmic reticulum (E), a large Golgi apparatus (G), vacuolated mito-
chondria with disrupted cristae, and prominent lysosomal bodies (L). Microvilli are short and
abnormal in shape (arrows), and portions of the apical cytoplasm (P) project into the follicular
lumen. Rat fed 50 ppm PCB for 4 weeks. (x 11,000).

Figure 6-Apical surface of thyroid follicular cell with abnormally short, branched microvilli
(arrows) and cytoplasmic projections (P) extending into the follicular lumen. Rat fed 50 ppm
PCB for 4 weeks. (x 26,000)
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Figure 7-Follicular cell with large apical cytoplasmic processes (arrow) extending into follicular lumen.
The hypertrophied follicular cells contain dilated profiles of rough endoplasmic reticulum (E), colloid
droplets (C), and many large lysosomal bodies (L). Rat fed 50 ppm PCB for 4 weeks. (x 5800) Figure
8-Multiple layers of hyperplastic follicular cells lining thyroid follicle. The large cytoplasmic area of
follicular cells contains numerous dilated profiles of rough endoplasmic reticulum (E) and large Golgi
apparatuses (G). Microvilli extending into the follicular lumen (L) are short and abnormally branched
(arrows). Rat fed 500/250 ppm PCB for 4 weeks. (x 5800)
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Figur 9-Thyroid follicular cell with an expanded cytoplasmic area filled with closely packed colloid
droplets (C) and large lysosomal bodies (L). The rough endoplasmic reticulum (E), Golgi apparatus,
and mitochondria are poorly developed and compressed by the numerous colloid droplets and
lysosomes. Short microvilli (arrow) extend into follicular colloid (FC). Rat fed 500/250 ppm PCB for 12
weeks. (x 4700) Fiu 10-Large membrane-limited colloid droples (C) and numerous lysosomal
bodies (L) in thyroid follicular cell of a rat fed 500/250 ppm PCB for 12 weeks. Short, abnormally
branched microvilli (arrow) project from the apical surface of the follicular cell into the lumen. (x 23,600)
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Figure 11-Tall columnar follicular cells with markedly increased numbers of lysosomal bodies and short abnormally
shaped microvilli lining a thyroid follicle. The cytoplasmic area is filled with large irregularly shaped lysosomes (L),
colloid droplets (C), and dilated profiles of rough endoplasmic reticulumAE). Rat fed 50 ppm PCB for 12 weeks followed
by a 12-week interval with no PCB prior to euthanasia. (X 5700) Figure 12-Thyroid follicular cell with similarly
developed microvilli (arrow) and cytoplasmic organelles as in control rats, except for a moderate increase in the
numbers of round lysosomal bodies (L). Rat fed 50 ppm PCB for 12 weeks followed by a 35-week interval with no PCB
prior to euthanasia. F = follicular lumen, C = interfollicular capillary. (x 10,300).


