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Results of a Two-Year Chrome Touchy and Oncogenicity Study of 2,3.7.8-Tetracftioro- 
diberuo p-Dtojin in Rats. Kociba. R. Keyes. D. G„ Beyer. J. E- Carreon, R. M„ Waoe. 
C. E.. Drrrf NBFit. D. A., Kaxaws. R. P., Frausom, L. E, Park. C. Barnard. S.
Ht mmel. R. A„ and Huwiston. C. G. (1978). Toxicol, Appt. Pharmacol. 46,279-303. Rats were 
maintained for 2 years on diets supplying 0.1,0.01, and 0.001 Pi of 2.3.7^-tctrachlorodibauo- 
pdioxin (TCDDV'kg.'d»y. Analysis of these diets indicated 2200. 210, and 22 parts per trillion 
ippt I of TCDD. Ingestion of O.t ^g/kg/day caused an increased incidence of hepatocellular 
carcinomas and squamous cell cardriomas-of the lung, hard palate/nasai turbinates, or tongue, 
whereas a reduced incidence of tumors of the pituitary, uterus, mammary glands, pancreas, and 
adrenal gland was noted. Other indications of toxicity at this dose levd"tncludcd increased 
moruiit>. decreased weight gain, slight depression of erythroid parameters, increased urinary 
excrasosi of porphyrins and ieminoJevulmic acid, along with increased scrum activities of 
alkaline phosphatase, yglulamyt transferase and glutamic-pyruvic transaminase. Gross and 
histopathologic changes were noted in the hepatic, lymphoid, respiratory, and vascular tissues. 
The primary hepatic ultra structural change at this high dose level was proliferation of the rough 
endoplasmic rcuculum. Terminal liver and fat samples from rati at this high dose level contained 
24,000 and 8100 ppt of TCDD, respectively. Rats -iven 0.01 >ig/kg/day for 2 years had a lesser 
degree of toxicity than that seen at the highest uose level This included increased urinary 
excretion of porphyrins in females, liver lesions (including hepatocellular nodules), and lung 
iesions (including focal alveolar hyperplasia). Terminal liver and fat samples from rats of this 
Jose level contained 5100 and 1700 ppt of TCDD. respectively. Ingestion of 0.001 pg of 
TCDD/kg/day (~ 22 ppt in the diet) caused no effects considered to be of any toxicologic 
significance. At this bwer dose level terminal liver and fat samples each contained 540 ppt 
of TCDD. These data indicate that continuous doses of TCDD sufficient tc induce severe 
toxicity increased the incidence of some types of tumors, while reducing other types. During 
the 2 year study in rats, no increase in tumors occurred in those rats receiving sufficient 
TCDD to induce slight or no manifestations of toxicity.

The compound 2,3,7.8 tetrschlorodibento-p-diosm (TCDD) is « highly toxic impurity 
that may be formed under certain conditions during the production of 2,4,5-trichloro- 
pheno!. TCDD has been considered one of the causes of chloracne, which has been
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associated with {he iodastrial productioa of 2,44-tnchiorophcoo( and other pCCK^Oa 
made from 2,4,5-trichioropheaoi.

Most of the earlier toxicoksgic studies with TCDD were concerned with the 
assessment of its short-term toxicity and teratogenic potential Results of (best earlier 
studies have beat summarized in a previous publication by Kociba et aL (197€\ This 
same publication also reported the results of a subchrooic study in which rata woe 
given 1.0,0.1,0.01,0.001, or 0/t|ofTCDD/kg 5 days/week for 13 weeks.Dates of 1.0 
ig/kg/day caused multipk toxicologic effects, including mortality and morphologic 
changes in liver, thymus, and reproductive organs. A dose level of 0.1 ig/kg/day caused 
lesser degrees of toxicity, and rats given 0.01 or 0.001 ^g/kg/day had no aherafions 
considered of any toxicologic significance.

More recently, toxicologic studies of TCDD have also been conducted in the 
monkey. McConnell el al. (1978) reported a single oral LD50 in monkeys of <70 ^g 
TCDD/kg. There monkeys died with loss of hair or nails, keratinization of Mdbomi&n 
glands ami hair foSEdcs, and hyperplasia of the epithelium of the renal pdvis, stomach, 
and bile duct

Allen el aL (1977) reported on a subchronic study in which monkeys consumed a diet 
containing 300 ppt of TCDD for 9 months. It was calculated that these monkeys 
ingested 2 to 3 TCDD/kg over the course of the 9-month study. Clinically, these 
monkeys showed changes similar to those described by McConnell el al. (1978) as well 
as hematologic depression and hemorrhages in various tissues. Hypertrophy, hyper­
plasia, and/or metaplasia were noted in the epithelium of the bQe ducts, salivary glands, 
bronchi, pancreatic ducts, sebaceous glands, skin, gastric lining, and urinary tract 

In regard to long-term or carcinogenic studies conducted in rodents with TCDD, 
Inncs ei al. (1969) reported no increase in tumors in mice given 2,4,5-Trichloro- 
phenoxyacetic acid contaminated with a level of TCDD sufficient to supply 0.27 u% of 
TCDD/kg/day. DtGiovanni et al. (1977) conducted a study in which TCDD was 
reponed to be only a weak tumor initiator in the two-stage system of mouse skin 
carcinogenesis with 7,12-dimetbylbenz| a lanthractne (DMBA).

Van Miller and Alien (1977) issued a preliminary report on a study of small groups of 
male rats fed diets containing TCDD for 65 weeks. All 10 rats of each group receiving 
1.0.0.5, or 0.05 ppm of TCDD in th diet died within 4 weeks, with acute toxic effects, 
including severe liver necrosis, bile duct hyperplasia and edema, atrophy of spleen and 
thymus, gastrointestinal hemorrhages, and decreased spermatogenesis. Groups of male 
rats on diets containing 5000 or 1000 ppt experienced increased mortality, decreased 
weight gain, and liver toxicity. Dietary levels of 500, 50, 5, and i ppt of TCDD were 
also studied. Various neoplasms were found in some rats at all dose levels of 5 ppt and 
higher, with only the lowest dose level of 1 ppt reportedly free of any neoplasms. These 
same results on tumorigenesis were included in an updated report by Van Milter et al. 
(1977), which included the data generated through the end of their 95-week study. 
No tumors were reported in the group given 1 ppt of TCDD or in a total of 50 control 
rats.

In view of the need for an evaluation of the chronic toxicity and potential for 
cardnogemdty of TCDD, the study reported herein was conducted. In this study, 
groups of male and female rats were maintained for 2 years on diets supplying



various dose bvds of TCDD, and aumerous parmatatm were evaluated in order to 
assess (he potential chronic toxidty associated with long-term ingestion of the material

METHODS

Experimental design. Male and fensak Sprague-Dawky rats, Spartan substrain,1 6 
to 7 weeks old, were randomly placed (two/cage) into suspended wire-bottomed cages 
for this study. Food2 and water were availabk ad libitum. Groups of 100 rats (30 males, 
50 females) were maintained for up to 2 years on diets supplying 0.1,0.01, or 0.001 (i$ 
of TCDD/kg/day. The diet of the control group of 172 rats (86 males, 86 females) 
contained the vehicle.

Test material. The TCDD sample used for this 2-year study was prepared by the 
Dow Chemical Company. Purification of the crude TCDD was followed by gas 
chromatography and mass spectrometry. The final product had a purity exceeding 
99%, as determined by electron-capture gas chromatography. This sampk was used to 
prepare the premixes and test diets according to the following general procedure: 
Approximately 1 mg of TCDD was weighed on a microbalance and dissolved in 40 ml 
of reagent-grade acetone. This solution was then added to 1000 g of control feed and 
mixed for 30 min to prepare a stock premix. A sufficient sample of the stock premix was 
men mixed with control feed to produce a working premix to be used in preparing the 
test diets. The stock premix Was prepared six times during the course of the study. The 
test diets were prepared % .diluting The working premix with sufficient control feed to 
provide dose levels of TCDD as required by body weighuand food consumption 
determinations in order to maintain the designated dosages on a microgram per kilo­
gram per day basis. Samples of the working premix and the test diets were analyzed 
periodically to ascertain that the dietary kvels were being maintained as scheduled. The 
concentration of TCDD in the premix samples was determined using electron-capture 
gas chromatography and gas chromatography-mass spectrometry. The concentration 
of TCDD in the test diets was determined by gas chromatography-mass spectrometry 
after extraction and suitable cleanup.

Clinical observations. Ail rats were palpated on a monthly basis, with a recording of 
the number of rats bearing palpable masses. Body weights and food consumption of 20 
rats/sex/treatment level and controls were routinely recorded for each week of the first 3 
months of the study and at approximately monthly intervals thereafter. Ail remaining 
rats were weighed monthly throughout the study.

Blood samples for hematological determinations were collected from eight rats/sex/ 
group at 3, 12, and 23 months of treatment The total erythrocyte count (RBC), total 
and differential leukocyte counts (WBC), thrombocyte and reticulocyte counts, packed 
cel] volume (PCVX and hemoglobin (Hgb) concentration were determined using 
automated1 or manual procedures. Urine samples were collected from seven to eight 
rats/sex/group at these same time intervals. Urine specific gravity, pH, and the presence

1 Sporun Reaouxfa Animats. Kasim. Michigan.
1 Purina Laboratory Chow, Raistoo-Purina Co^ St Louis, Missouri.
1Coulicr Counter Modd ZB-I. Ccuhor Ekarotaes, Hialeah. Florida.



2S2 KOCOA iT-ti­

er absaxx o( sug^r, protem, ketoees, bffirubca, sad occult Wood were determined4 at 
each of these times, aad urinary urobilinogen was also evaluated at Month 23.

Urinary excretion of creatinine, coproporphyria, uroporphyrin, and £ amino icvulinic 
acid (d-ALA) was determined by a consulting laboratory1 on samples collected from 
four to five rats/ses/group at Months 3-4,12, and 23.

Serum samples were collected from seven rats/sex/group by orbital puncture at 
Month 22 for determination of urea nitrogen (BUN), glutamic pyruvic transaminase 
(SGPT), hOirubin (total, direct and indirect), cholesterol, and triglycerides. Automated 
procedures were used few these determinations.* Serum samples were similarly collected 
from seven rats/sex/group at Month 23 for determination of alkaline phosphatase (AP) 
activity, total protein, albumin and globulin.* . ,

At terminal necropsy, serum samples were collected from all survivors or a maximum 
of 10 rats/sex/group for determination of BUN, SGPT, AP, and total bilirubin.* A 
consulting laboratory1 also made determinations of serum y-glutamyl transferase 
activity (GOT).

All rats dying or culled during the course of the study were subjected to a gross 
pathologic examination. Representative portions of the major organs and any gross 
lesion suggestive of a significant pathologic process or tumor formation were collected 
from each rat and preserved in buffered 10% formalin.

Terminal necropsy examination was conducted at the end of 2 years of treatment 
(105th week). All rats were deprived of food overnight prior to killing by decapitation. 
The eyes of all rats were examined by gently pressing a glass slide against the cornea 
under bright fluorescent fllulmnation. Any observations on the eyes were recorded as 
part of the gross necropsy observation records. The eyes Jor a maximum of five 
rats/sex/group were preserved in Zenker’s fixative. Eyes from remaining rats were fixed 
in formalin fixative.

The weights of the liver, kidney, brain, heart, thymus, spleen, testes, and 
ovaries/uterus were recorded for a maximum of 10 rats/sex/group. A bone marrow 
smear was prepared from most rats, and filed for future reference, if indicated. Portions 
of fat liver, and kidney from a maximum of five rats/sex/group were frozen for possible 
TCDD analysis, with subsequent analysis of liver and fat samples from three 
females/dose level, using gas chromatography-low-resolution mass spectrometry. 
Portions of esophagus, salivary glands, stomach, small intestine, large intestine, 
pancreas, liver, kidneys, urinary bladder, prostate, accessory sex glands, epididymis, 
testes, ovanes, uterus, brain (cerebrum, cerebellum, brain stem), pituitary gland, spinal 
cord, peripheral (sciatic) nerve, trachea, lungs, spleen, thymus, lymph nodes, heart, 
aorta, skeletal muscle, mammary tissue (females), adrenal glands, thyroid, parathyroid, 
tongue, lower jaw, and skull (including nasal turbinates, ear canal), together with any 
additional gross lesions were preserved in formalin fixative.

Histologic examination of tissues was conducted on paraffin-embedded sections of 
tissues which were stained with hematoxylin and eosin. All rats from the control and top 
dose level, regardless of whether they died during the study or were killed at the

* Ames BiiiUbsus or Multisiix. Ames Ctx, EUchut, Indiana and TS Meter. AO Optical Buffalo. New 
York.

5 Bioscsencz Laborstcricx, Van Ntiya, CtWorma.
* Tcchmcon A mo Analyze, Tectmkoa Corp_, Rye, New York.



termination, were subjected to Uatofcsgic eutsmacioa of as extensive Mat of 
intended to indude a majority of those tissues Meted above as those oo&ected at the time 
of terminal necropsy. AS rata from the two kmer dose levels were subjected to histo­
logic czsmm&tioa of those sdeeted tissues identifred as poesibk; target organs and all 
gross ksions suggestive of tumor formatioa. The actual number of tissues specimens 
from each group examined histologically is on file and availabk from the authors. 
Additional sections of Mver from selected females from the terminal necropsy were 
stained for lipid content using Oil Red O or Sudan IV stains.

Liver tissue collected at the terminal necropsy was examined using an electron 
microscope7 to characterize qualitatively the ultrastructure of hepatocytes from three 
femaks/group. The live- tissue was fixed in 2.5% phosphate-buffered giutaraldehyde 
and then postfixed in 1% phosphate-buffered-osmium tetroxkk, dehydrated through 
graded ethanol solimoru, washed in propylene oxide, infiltrated with Epon 812, and 
embedded in polyethene capsules. Secdoas of 1 /an thickness were stained with toluidira 
blue and examined using light microscopy. Thin sections were stained with ursnyi 
acetate and lead citrate prior to examination by electron microscopy.

Statistical evaluation of data. The significance of differences between control and 
test values for hematology, urinary and clinical chemistry parameters, body weights, 
organ weights, and organ/body weight ratios was statistically determined by one-way 
analyses of variance fallowed by the Dunnett test (Steel and Torrie, I960). A 
s,gmficancc level of p < 0.05 was used. Data on mortality, palpable masses, gross 
pathology, histopathology, and tumor incidences were analyzed using the Fischer exact 
probability test, p < 0.05, one-sided test (Siegel, 1956). Mortality data were also 
analyzed using the Mantd-Hacnszd Test Repeated measures analyses across time 
w ere not appropriate because of mortality and because the assumptions of the statistical 
tests were not valid.

Statistical evaluation of gross pathology data collated for the entire study compared 
the data of each of the treatment groups with the data of the control group of that sex. 
Statistical evaluation of histopathologic observations and tumor incidences compared 
the data of the high-dose group with the data of the control group of that sex. The same 
evaluation was conducted on the lower dose levels in instances in which comparable 
numbers of tissues were subjected to microscopic examination (apparent target 
organs).

RESULTS

Dietary Content of TCDD
Analyses of feed samples indicated the dosage levels of 0.1, 0.01, and 0.001 pg of 

TCDD/kg/day equated with approximately 2193, 208, and 22 ppt of TCDD in the diet. 
Six repeated analyses of the feed samples indicated good agreement between the 
intended content of TCDD and results erf" analysis for TCDD content.

Clinical observations
Females given 0.1 ^g/kg/day had statistically increased cumulative mortality during 

the latter half of the study, whereas those given 0.01 or 0.001 /ig/kg/day had mortality

' Ctri Zeisj. Inc- New York.
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rates compcrsbie to that of the ccstroi*. In mabs, there aoeae ookted instances of 
statistical (hffemtces hetweea the treated and ccotrol groups. However, as the mortality 
of only the group of males given 0.01 ig/kg/day was stgniScaatiy different from control 
using the M antd-H stcmxd test, these deviatkxis in the mak ms were considered of 
questionable toxicologic egoi&cance. Mean body weights of males and females given 
0.1 /tg/kgMay woe etntisdealiy decreased (ram control values throughout the major 
portion of the study, from Month 6 to the end of the 2-year test period. Mean body 
weights of females given 0.01 ^ttg/kg/day were decreased to a lesser degree during this 
same time interval. The mean tody weights of mate given 0.01 or 0.001 pg/kg/day and 
females given 0.001 ^g/kg/day were sometimes lower than controls during the middle 
of the study, but only occasionally were the differences statistically significant During 
the last quarter of the study body weights of these groups were comparable to those of 
controls.

There were no consistent deviations in food consumption of mate or females at any 
dose. The few sporadic cases in which there was a statistical increase or decrease 
between the control and treatment groups followed no consistent trend, and were 
considered of no toxkoiogk significance. The first palpable mass was noted at Month 5 
in a male of the control group. There were no statistically significant differences between 
the control and treated groups except during Months 15 and 16, when the males given 
0.01 /jg/kg/d&y had an increased incidence of palpable masses. This was considered of 
no toxicologic significance because of its isolated occurrence and lack of dose response. 
During the last 12 months of the study, females ingesting 0.1 pg/kg/day had a 
consistent trend toward a decrease in the number of rats with palpable masses. This 
observation was not noted at lower dosage kvels in the females.

Hematology
The hematology data collected after 23 months of treatment are listed in Table 1 and 

are similar to the patterns observed during the study. In rats given 0.1 //g/kg/day, there 
were statistically significant decreases in the PCV and Hgb values for males after 3 
months as well as decreases in the Hgb values for males and decreases in PCV, total 
RBC. and WBC counts and Hgb values for females after 1 year. At the preterminal 
examination, this high dose group arain had statistically significant decreases in RBC 
and Hgb values (mate) and PCV and Hgb values (females); reticulocyte counts also 
appeared to be slightly increased. Thrombocyte and WBC differential counts appeared 
to be unaffected at all dose levels of TCDD. Rats given 0.01 or 0.001 yug/kg/day had no 
hematologic changes considered related to treatment.

Urinalyses
Repealed examination of urinary parameters revealed no consistent alterations that 

could be attributed to any of the dose levels of TCDD.

Urinary porphyrins and S-A LA
Porphyrin data collected after 23 months of treatment arc listed in Table 2 and are 

representative of the patterns observed during the study. Urinary excretion of copropor­
phyrin was statistically increased in female rats at a dose level of 0.1 ^gAg/day after 
each evaluation at 3—4, 12, and 23 months. Coproporphyrin excretion was also
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chkomc rajocrrr m rax> w eats m

st*usucaJiy iucrcased in femak rats at a doss level of 0.01 fsg/kz/d&y after 3 and 23 
months. Urinary cxcr&ioa of Brofxsrphyrin was statistically increased in females after 
3 and 23 months of recmin* 0.1 fii/kg/dzy and after 3 BSOTths of recevini 0.01 
^gy'kg/day. Urinary ezcmioo erf d-ALA was statistically increased in females after 3 
and 23 months of reedvin® 0.1 pg/kg/d*y. Toad urine volume or creatinine excretion 
was not affected by any of these dose levels in the females. Maks had no alterations 
considered treatment-related in any erf these parameters at any of the dose levels of 
TCDD.

Clinical Chemistry
For sake of brevity, only the results obtained at terminal necropsy after 2 years of 

treatment are presented in Table 3. Analyses of serum samples collected by orbital

TABLE 3
Mean Terminal (2-Year) Clinical Chemistry Values for Male and Female Rats

Given Diets Containing TCDD
Dose Number Total y-giutamyl

TCDD of BUN SGPT AP bilirubin transferase
U/g;kg/day) Sc* rats/group (mg/100 mi) (mU/ml) (mU/ml) (mg/100 ml) (mU/ml)

0 M
0.100 M
0.010 M
0.001 M
0 F
0.100 F
0.010 F
0.001 F

10 33 ± 34­
5 28 + 11
4 36 + 19

10 20 + 9
10' ' 21'+ 9
4' * 20 + 3

10 17 + 3
10 18 + 5

49 + 17 87 ± 30
42 + 6 105 ± 17
47 + 10 88 + 26
43 + 9 86 ± 25
39 +11 60 ± 29 
54+12'' 205 ± 146* 
49 + 7 61 i 20 '
42 + 5 54 + 28

0.2 ±0 0 + 0
0.2 ±0 1 ±0
0.2 ± 0 1 + 0
0.2 ±0 0 + 0
0.2 ±0 0 + 0
0.2 ±0 14 ± 10*
0.3 ±0.1 1 +0
0.4 ± 0.2 1+0

* Mean + SD.
* SuimkaDy significant from control mean using analysis of variance and the Dunnett's test 

p < 0.05.

puncture at 22 to 23 months of treatment revealed no alterations considered related to 
treatment in regard to BUN, SGPT, total, direct, or indirect bilirubin, cholesterol, 
triglycerides, total protein, albumin, and glooulin. Serum AP was statistically increased 
in females given 0.1 ^ug/kg/day. A statistically significant increase in scrum triglycerides 
noted in males given 0.01 /ig/kg/day was considered of no toxicologic significance 
based on the lack of a dose-response relationship. Analyses of serum samples collected 
at terminal necropsy after 2 years indicated a statistical increase in SGPT, AP, and 
GGT activities for females given 0.1 /tg/kg/day. Females at the lower dose kvels and 
males at all dose kvels were unaffected in these parameters. The BUN and total bilirubin 
values of either sex were unaffected by any level of treatment with TCDD.

Gross and Microscopic Observations on Tissues
Det&ikd descriptions of all gross and microscopic observations made on all rats 

killed or dying during the course erf the 2-year study are on file and available from the 
authors. On account of the voluminous nature of the data, the results are summarized 
below. Tumor and tumor-like ksaons are listed in Tables 4 and 5.
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^ ,E /^K'as'

Grass necropsy esssMEka of &e rets of the top dose fevd ksdscatcd the froesiy 
vkibic urjpa carfnns to wetestis the Mver, vasatkr system, rtspcnEtory system, and 
lymphoid cream; the pgnrai body coedkioo ves abo cooagacady affected.

Mioroacopac esaasmMMB of taaaies from rets dying dsnsg the study or kilkd afro* 
2 years reveakd the frAsmag treatam-rdated affects:

Liver. The Kver wm te csgaa ***** cossisteatiy effected, end rats grmi 0.t or 0.01 
Mg/k$/day had muM^ fe^s^ocdSuiar degenerative, snflammstory, and necrotic 
changes noted spaa %M odamoepy. Tfeese bspatk changes, which were more 
menjsve m femaka tin ta maka, wsps ebasastetod by cytam^aly, distortica of

y*U)’ *
-M

SfliliiilllW:

FS'v'.|5J3

,*■ Z1 ' *
* ^ j u

Fac. 1. Lcsksa dasaifieri raoi^aaiosicaSy as tep** liar eenaaama ia fivor of rat (jven 0.1 m of 
TCDD/kt/day. Note rntpaxelfibrosa, iofiamnnHsoa. aod f*ay Mterttiow oebft H A E tutin. x200.

binilar pattern, and remkant atrophy of hepatic cords, cytoplasmic vacuolization, fatty 
metamorphosis, altered tinctorial properties with in creased basophilia, hepatic necrosis 
and tnflamnuuioa, mukmcdeatsd hepatocytss, and foci or areas of bepatocdlular 
altoratious. They were accompanied by increased aggregates of pigment, bile duct 
hyperplasia, and some increase in fibrosis and periportal inflammation. During tlx latter 
phase of the study and at the terminal necropsy the females gtven 0.1 ig/kg/day also 
had bepatoediuiar proliferative lesions classified morphologically as hepatocellular 
carcinomas (Fig. 1) and hyperplastic (neoplastic) nodules. There was no evidence of 
metastasis of any fiver neoplasms. Female rats given 0.01 ^g/kg/day also had an 
increased incidence of these bepatoceSular hyperplastic nodule*. Upon examination 
using light microscopy, Ev&t of female rats given 0.001 ^g/hg/day had a statistical 
increase above the background incidence cf foci or larger area of slight hepatocellular 
alteration (swollen bepstocytes). However, in male rats given 0.00! ig/fcg/day, there 
was a statistically tignifiemt decrease in the number of fivers with mi area of bepato- 
ceflularaSteration of this type.



Fig. 1 Hepttocyte from feawfe rat grrca 0.1 « cf TCDD/kg/dsy for 2 yearn. Note disorientation of 
RER end foot! cytoflamssc racaotottioa. Unutyl accsate lead dtme staix x3350.

level reveakd the most comment change to be in the rough enctopSasmic reticulum 
(RER), which appeared to be undergoing proiiferatk® with tome distortion and 
fragmentation (Fig. 2). Smooth cndoplatnuc reticulum (SER) and mitochondrial 
structures were within the range of variatioQ observed in the coa&roi sections. Other 
changes noted at this high dose levd included focal areas of cytoplasmic vacuolization, 
increased lysosomal activity with residual body fennatksa, and an occasional multi* 
nucleated bepatocyte (Fig. 3X Upon ultrastructural examination of bepatocytes from



rats of the 0.01-^g/kg/day dose tevei, the most notaWe dmoge was limited to a lesser 
degree of proWerauca atsd disorwntatjoa of the RER and some proliferation of SER 
(Fig. 4). There was some slight increase in the number of mdividuaJ hepatocytes with 
bpid droplet accunudaboas.

Fig. 3. Muliinudcated bepatocyte from female rat given 0.) ftg of TCDD/kg/day for 2 years. Note 
focal area of cvtopiasmic degeneration and distribution of RER. Uranyl acetate—lead citrate stain, x 1620.

The hepatocytes of female rats given 0,00! ^g/kg/day were uitrastructuraUy within 
the limits of variation seen in the controls (Fig. 5). There was no general increase in the 
lipid droplet content, but an occasional cell contained increased numbers of lipid 
droplets.

Lvmphorelicuiar tissues. Treatment-related effects, noted only in females of the 0.1- 
uz kg/day dose level, included isolated occurrences of thymic atrophy and/or splenic 
atrophv.



. 'iP
R expiratory system. TreatamM-rdaied effecti were noted in both males sad 

females at the 0. i -^g/kg/day dost levd but were much more extensive in the fiansie 
rats and included an increased incidence of focal alveolar hyperplasia (Fig. 6), 
aggregates of hematogenous pigment in lung and thoracic lymph nodes, focal

CIESCENJC TOKICmr OF TCDD tN RATS

Fig. 4. Bepatocyte from female rat pven 0.0! /rg of TCDD/kg/day for 2 years. Note proliferation of 
SER and chsonemation of RER. Uranyl acetate—lead titrate stain. * 2070.

accumulation of alveolar macrophages and cholesterol clefts, pulmonary edema, focal 
interstitial inflammation and fibrosis, keratinizing squamous metaplasia, or squamous 
cell carcinoma formation (Fig. 7) within the lung. Focal alveolar hyperplasia was also 
increased in females given 0.01 /Ug/kg/day. The lower dose levd of 0.001 //gAg/day 
had no discernible effect on the tissues of the respiratory system.

Cardiovascular system. Effects probably related to the ingestion of 0.1 /ig/kg/day 
included an apparent increase in the incidence of hemorrhage in the brain and possibly



298 KOCIBA KT AL.

spina! cord of fansdcs, en increase above the background incidence rate of 
mesenteric/thoradc periarteritis with accompanying changes, such as thrombosis and 
hematoma formatioas in both males and females, and an increase above the 
background incidence of myocardial degenerative changes (females only). At the 0.01-

Fw. S. Hfpaiocyte from female rat given 0.00! of TCDD/kg/day for 2 year*. Morphology within 
normal limits of variation »een in controls. Uranyl acetate-lead dtme tuin. *4100.

pg/kg/day dose level, probable treatment-related lesions were limited to an increase 
above background incidence of periarteritis and thrombosis of testicular or 
thoracic/mediastinal vessels of male rats. There were no alterations considered related 
to treatment with 0.001 /tg/kg/day.

Reproductive system and mammary gland. Female rats given 0.1 //gAg/day had a 
statistically decreased incidence of uterine changes, including endometrial hyperplasia.



CHRONIC TOXfOTSf O? TCCD EN RATS 299

cyst formation, and adenomatous poiyp formation. This same group of high dose level 
female rats also had a significantly decreased incidence of subcutaneous mammary 
tumors. These observations correlated well with a decreased incidence of pituitary

Fki 6. FocaJ alveolar kyperplspa aatr termsml broodthsk within Sung of rat given 0.1 Mt of 
TCDD kg/day. H A E stain, x /op. . "

Ftc. 7. Leiion within hm* of rat given 0.1 ig of TCDD/kg/day dataified morphoiogicafly at squamous 
,'dl carcinoma. Note accumulation of keratinized material within ksion. H & E tuin. x 100.
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adenomas noted in this same hi*h dose levd of female rats. There were no discernible 
effects in female rats given 0.01 or 0.001 ^gAg/day.

The reproductive organs of male rats appeared to be unaffected by these dose levels, 
with similar degenerative, inflammatory, and proliferative lesions in all treated and 
control groups.

Endocrine organs. Female but not male rats given 0.1 ^gAg/day had a significantly 
decreased incidence of pituitary changes, including hemangiectasis and adenoma 
formation. Adrenal changes noted at this high dose level included a decreased incidence 
of medullary hyperplastic nodule formation (males and females), a decreased incidence 
of pheochromocytoma formation (males), an increased incidence of cortical necrosis 
and hemorrhage (females), and an increased incidence of adrenal hematocyst formation 
(males). A statistical increase in the incidence of adrenal cortical adenomas noted for 
males given 0.1 /jgAg/day may have been the result of normal biological variation of 
the incidence of this tumor, which does occur spontaneously in this strain of rat 
(approximate 10% incidence in the control group of female rats used in this study).

The pancreas of male rats given 0.1 ^/gAg/day had a statistical decrease in the 
incidence of acinar adenoma formation. A statistically increased incidence of fibrosis of 
atrophic pancreatic tissue noted in the group of females given 0.1 AigAg/day may or 
may not have been associated with the increased incidence of periarteritis noted in this 
group. The thyroid glands of the high dose group of male rats appeared to have a low 
incidence of various follicular changes that may or may not have been related to 
treatment; this included isolated cases of follicular cyst or microcyst formation, 
follicular adenoma, or follicular adenocarcinoma formation. The parathyroid gland was 
unafTected by treatment, except for'a decrease in secondary parathyroid hyperplasia as 
a result of the decrease in severity of chronic renal diseasf'of the males given 0.1 
ugkg/day.

Gastroiniestinal system. A wide variety of degenerative or inflammatory lesions 
occurred in all control and treated groups, with no indications of a direct treatment- 
related effect in the salivary glands, esophagus, stomach, small intestine, or large 
intestine. However, the group of male rats given 0.1 //gAg/day had a statistical increase 
above background incidence of stratified squamous cell carcinomas of the tongue, 
which were considered to be probably related to treatment. There was also a statistically 
significant increase in the incidence o squamous cell carcinomas of the hard 
palate nasal turbinate region of male and female rats given 0.1 //g/kg/day. Historically, 
squamous cell carcinomas of the tongue and hard palate/turbinates have occurred at a 
spontaneous incidence rate of 1 to 3% in this strain of rat. It appears as if treatment 
with 0.1 //g/kg/day increased the incidence of this type of neoplasm. A secondary effect 
of treatment was noted in the stomach only of the high dose group of males, in which 
there was a decrease in the incidence rate of mineralization of the gastric muscularis and 
mucosa. This was secondary to the decreased incidence and severity of chronic renal 
disease and uremia in this high dose group of male rats.

Senous system. The only observation considered as probably related to treatment 
*as the increased incidence of focal hemorrhage in the brain (and possibly spinal cord) 
of female rats given 0.1 //gAg/day. This was described previously in the description of 
the cardiovascular system. All groups of rats had the expected spectrum of 
degenerative, inflammatory, and proliferative lesions considered spontaneous in origin.
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Urinary' system. There appeared to be a decrease in the seventy of the chronic 
nephropathy affecting the kidneys of the male rats given 0.1 ^g/kg/day. Other 
degenerative, inflammatory, and proliferative changes occurred in the kidneys or 
urogenital tract of control or treated groups, with no observations considered related to
treatment.

Musculoskeletal system, eye, and miscellaneous tissues. Various degenerative, 
inflammatory, or proliferative lesions occurred in a scattered pattern in all treated and 
control groups, with no indication of a treatment-related effect. No toxicologic 
signiflcance was attached to the statistical decrease in the incidence rate of 
subcutaneous benign tumors noted in males given 0.001 /ig/kg/day.

Organ Heights
Statistically significant differences in terminal organ weights considered related to 

treatment included (1) an increase in liver weight calculated on an absolute basis (males 
given 0.1 or 0.01 ^g/kg/day, females given 0.1 /rg/kg/day) and on a relative basis of 
liver, body ratio (females given 0.1 or 0.01 ^g/kg/day) and (2) a decrease in the absolute 
weight of the thymus of females given 0.1 ^g/kg/day. Additional changes in organ 
weights were considered to be secondary to decreased body weights due to treatment 
with 0.1 /rg/kg/day.

TCDD Content of Tissues
Results of analysis of samples of fat and liver collected at terminal necropsy of female 

rats after 2 years of treatment indicated that rats given 0.1 |/g/kg/day had an average 
TCDD content of 8100 ppt in the fat and 24,000 ppt in the liver. Rats given 0.01 
Mg kg'day had an average TCDD content of 1700 ppt in the fat and 5100 ppt in the 
liver. Rats given 0.001 //g/kg/day had an average of 540 ppt of TCDD in the fat and 
also in the liver.

DISCUSSION

The findings of this chronic toxicity study on TCDD in rats are an extension of the 
studies of shorter duration reported previously from this laboratory (Kociba et al„ 
1976). Continuous ingestion of diets coi..dining approximately 2200 ppt of TCDD (0.1 

Mg of TCDD/kg/day) for 2 years caused multiple toxicologic effects, including 
increased mortality, decreased body weight gain, slight depression of certain 
hematologic parameters, increased urinary excretion of porphyrins and 6-ALA, 
increased serum activities of AP, GOT, and SGPT, and morphological changes 
primarily of the hepatic, lymphoid, respiratory, and vascular tissues of the body. This 
high dose levd of 0.1 fig/kg/day also caused an increase in the incidence of hepato­
cellular carcinomas of the liver (females only) and squamous cell carcinomas of the 
lung, hard palate/nasal turbinates, or tongue. The occurrence of numerous age-related 
lesions usually encountered in this strain of rat, including tumors of the pituitary, uterus, 
mammary gland, pancreas, and adrenal gland was reduced at the high dose levd. Also 
reduced was the incidence and severity of chronic renal disease in the aged male rats. 
Female rats given this high dose level for 2 years had 24,000 ppt present in the liver. 
This compares with 34,600 ppt of TCDD present in the liver of female rats given this
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same dose levd for 13 weeks (Kociba et aL, 1976) and indicates steady state concen­
trations were achieved during the early phase of this 2-year study.

Ingestion of the intermediate dose level of 0.01 //g/kg/day (^210 ppt in the diet) 
caused a lesser degree of toxicity. The primary effects noted at this dose level included 
(1) increased urinary excretion of porphyrins (females), (2) liver toxicity, including an 
increased incidence of hepatocellular nodules, and (3) increased incidence of focal 
alveolar hyperplasia in the lungs. Terminal liver and fat content of TCDD averaged 
5100. and 1700 ppt respectively. This compares with 3700 ppt present in the liver 
alter 13 weeks of treatment with this dose levd (Kociba et ai, 1976).

Lifetime ingestion of 0.001 //g/kg/day (~22 ppt in the diet) caused no effects 
considered to be of any toxicological significance. Light microscopy of livers from 
females of this group indicated a statistical-increase above the background incidence of 
swollen hepatocytes; conversely, the livers of the males of the group had a decreased 
incidence of this observation. When liver tissue was examined using electron 
microscopy, the hepatocytes from the females were within the limits of variation seen in 
the controls with an occasional bepatocyte containing increased lipid droplets. The 
liver and fat each contained 540 ppt of TCDD at the end of the lifetime ingestion of 
0.001 //g/kg/day.

If the results of this lifetime study in rats are compared to the preliminary results of 
the study in rats by Van Miller et al, (1977), it will be noted that both studies report 
neoplastic responses in the lung and liver of rats maintained for extended periods of 
time on high doses of TCDD. In the preliminary report by Van Miller et al. (1977), 
5000 ppt produced both liver and lung neoplasms, while in this study, 2200 ppt 
produced both liver and lung neoplasms.

Thus, there is agreement between the results obtained jn both studies at higher dose 
levels of 2200 to 5000 ppt of TCDD in the diet. However, at lower dose levels, there are 
differences in the two studies, with Van Miller et al. (1977) reporting a diverse spectrum 
of neoplasms in rats given as low as 5 ppt of TCDD, based on a zero incidence of 
neoplasms in a total of 50 control rats examined in their study. Conversely, in this 
study, there was no carcinogenic response in rats given 210 or 22 ppt of TCDD for 2 
years. DiGiovanni et al. (1977) reported TCDD to be only a weak tumor initiator in 
studies of mouse skin carcinogenesis with DMBA.

In summary, data collected in the s...dy reported herein indicate that doses sufficient 
to induce severe toxicity increased the incidence of some types of neoplasms in rats, 
while reducing the incidence of other type's. No increase in neoplasms occurred in rats 
receiving sufficient TCDD during the 2-year study to induce slight or no manifestations 
of toxicity.
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