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2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is a persistent and bioaccumulative toxicant
produced as a byproduct in the manufacture of chlorinated chemicals such as pesticides'. TCDD
is also liberated through the incineration of plastics such as hospital and municipal waste®*. The
prototypical polyhalogenated aromatic hydrocarbon and aryl hydrocarbon receptor ligand,
TCDD is generally accepted to be a highly toxic chemical with adverse effects on the
reproductive, immune, and endocrine systems” . Animal studies have documented adverse
effects of TCDD treatment over the life course including fetal development, the peripubertal
transition, and adulthood®'”. Reproductive effects of developmental exposure demonstrated in
animal studies®'*'® illustrate the sensitivity of the developing reproductive system to the life-
long consequences of the effects resulting from exposure to this toxicant. However, the relevance
of these findings to human health is unclear.

Epididymal sperm counts have been used as the key outcome measure in animal studies and
underlie the current tolerable daily intake (TDI) for TCDD of 2pg/Kg BW/day established by the
WHO'". This TDI was arrived at through an evaluation process that relied on the criteria
established in the human relevance framework, a weight-of-the-evidence process employed by
numerous scientific groups including the IPCS, ILSI and the USEPA. While such data are
invaluable in establishing hazard it is proposed that their relevance to risk assessment is more
difficult to apply. Furthermore, it is suggested that differences in the pharmacodynamics and
pharmacokinetics of the test agent in animal models vs. humans and the animal models used
must be considered in assessing the reproductive and developmental toxicity of all toxicants
including TCDD. Moreover, comparative physiology and differences in key mechanistic
pathways that operate in experimental animals relative to humans raises concerns regarding the
relevance of animal data and the weight to apply to such evidence in establishing TDI values.
For example, differences in the mechanisms regulating reproductive senescence and
gonadotropin secretion in rodent models relative to humans® can contribute to confusion and
misguided conclusions about risk to human health.

While the weight-of-evidence approach as advocated in the Hill criteria®' is a good start, there
are limitations to this approach. A process for establishing the strength of individual studies
contributing to the overall weight-of-evidence has not been defined and thus creates opportunity
for confusion and disagreement concerning the outcome of the evaluation. As an example, it is
unclear how to deal with inconsistencies in the literature as found for TCDD treatment-induced
changes in epidiymal sperm counts where initial studies'***** have demonstrated decreased
sperm counts whilst other investigators have reported no adverse effects of TCDD treatment on
epididymal sperm counts® . Furthermore, the biological relevance of experimental outcomes
used and the potential impact of the changes on the distribution of the outcome are two important
areas that require attention. For example, although statistical differences can be documented, the
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biological relevance of the change is often ignored or simply assumed leading to differences in
opinion regarding the strength of the findings. The relevance of treatment-induced changes
within the normal range for the outcome of interest such as body weight or hormone measure has
not been discussed and thus no consensus exists within the scientific community concerning
what is and what is not an adverse effect. Moreover, it may not be appropriate to assume that all
individuals have equal sensitivity to the test agent and that exposure will result in a simple shift
in the normal distribution and thus an increase in the number of affected individuals®. It is
proposed that key criteria important to the evaluation of the animal literature should include but
not be limited to: the relevance of the animal model; appropriateness and justification of the dose
selection; the experimental design employed; outcome measures used and their relevance to
human health; comparative endocrinology including the similarities vs. differences between the
experimental animal model and humans; sample size employed to insure that the evaluation is
robust and the absence of an effect is not due to inadequacy of the sample size employed; and
appropriateness of the statistical methods of analysis.

In summary, animal studies are indispensible in establishing hazards associated with exposure to
chemical hazard toxicants and elucidating potential mechanism of action important to human
health. However, the relevance of animal data for establishing risks to human health are difficult
to assess due to limitations in study design, lack of consistency in the literature, failure to address
differences in physiology owing to comparative endocrinology, and limitations of the animal
models employed. The weight-of-evidence approach is without question the route to follow,
however there is need for guidance in evaluating the literature as it applies to different criteria.
Clearly further guidance in the application of weight-of-evidence evaluations is necessary to
reduce uncertainty and lead to transparent and generally acceptable evidence based decisions.

Reference List

1. Dougherty CP, Henricks HS, Reinert JC, Panyacosit L, Axelrad DA, Woodruff TJ. Dietary
exposures to food contaminants across the United States. Environ. Res. 2000; 84: 170-185.

2. Grochowalski A. PCDDs and PCDFs concentration in combustion gases and bottom ash
from incineration of hospital wastes in Poland. Chemosphere 1998; 37: 2279-2291.

3. Kumagai S, Koda S, Oda H. Exposure evaluation of dioxins in municipal waste incinerator
workers. Ind. Health 2003; 41: 167-174.

4. Kumagai S, Koda S, Miyakita T, Ueno M. Polychlorinated dibenzo-p-dioxin and
dibenzofuran concentrations in serum samples of workers at intermittently burning
municipal waste incinerators in Japan. Occup. Environ. Med. 2002; 59: 362-368.

5. Baccarelli A, Mocarelli P, Patterson DG, Jr. et al. Immunologic effects of dioxin: new

results from Seveso and comparison with other studies. Environ. Health Perspect. 2002;
110: 1169-1173.

2

Organohalogen Compounds, Volume 70 (2008) page 000240



10.

11.

12.

13.

14.

15.

16.

Birnbaum LS, Fenton SE. Cancer and developmental exposure to endocrine disruptors.
Environ. Health Perspect. 2003; 111: 389-394.

Feeley M, Brouwer A. Health risks to infants from exposure to PCBs, PCDDs and PCDFs.
Food Addit. Contam 2000; 17: 325-333.

Dienhart MK, Sommer RJ, Peterson RE, Hirshfield AN, Silbergeld EK. Gestational
exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin induces developmental defects in teh rat
vagina. Toxiocol. Sci. 2000; 56: 141-149.

Fan F, Rozman KK. Short- and long-term biochemical effects of 2,3,7,8-
tetrachlorodibenzo-p-dioxin in female Long-Evans rats. Toxicol. Lett. 1995; 75: 209-216.

Gao X, Mizuyachi K, Terranova PF, Rozman KK. 2,3,7,8-tetrachlorodibenzo-p-dioxin
decreases responsiveness of the hypothalamus to estradiol as a feedback inducer of
preovulatory gonadotropin secretion in the immature gonadotropin-primed rat. Toxicol.
Appl. Pharmacol. 2001; 170: 181-190.

Gray JrLE, Ostby JS. In utero 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) alters
reproductive morphology and function in female rat offspring. Toxicology and Applied
Pharmacology 1995; 133: 285-294.

Gray Jr. LE, Kelce WR, Monosson E, Ostby JS, Birnbaum LS. Exposure to TCDD during
development permanently alters reproductive function in male Long Evans rats and
hamsters: Reduced ejaculated and epididymal sperm numbers and sex accessory gland
weights in offspring with normal androgenic status. Toxicology & Applied Pharmacology
1995; 131: 108-118.

House RV, Lauer LD, Murray MJ et al. Examination of immune parameters and host
resistance mechanisms in B6C3F1 mice following adult exposure to 2,3,7,8-
tetrachlorodibenzo-p-dioxin. J. Toxicol. Environ. Health 1990; 31: 203-215.

Shi Z, Valdez KE, Ting AY, Franczak A, Gum SL, Petroff BK. Ovarian Endocrine
Disruption Underlies Premature Reproductive Senescence Following Environmentally
Relevant Chronic Exposure to the Aryl Hydrocarbon Receptor Agonist 2,3,7,8-
Tetrachlorodibenzo-p-Dioxin

1. Biol. Reprod. 2007; 76: 198-202.

Yellon SM, Singh D, Garrett TM, Fagoaga OR, Nehlsen-Cannarella SL. Reproductive,
neuroendocrine, and immune consequences of acute exposure to 2,3,7,8-
tetrachlorodibenzo-p-dioxin in the Siberian Hamster. Biology of Reproduction 2000; 63:
538-543.

Mably T, Bjerke D, Moore R, Gendron-Fitzpatrick A, Peterson R. In Utero and lactational

exposure of male rats to 2,3,7,8,- Tetrachlorodibenzo-p-dioxin. Toxicology and Applied
Pharmacology 1992; 114: 118-126.

3

Organohalogen Compounds, Volume 70 (2008) page 000241



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Peterson R, Theobald H, Kimmel G. Developmental and reproductive toxicity of dioxins
and related compounds: Cross-Species comparisons. Critical Reviews in Toxicology 1993;
23: 283-335.

Mably TA, Bjerke DL, Moore RW, Gendron-Fitzpatrick A, Peterson RE. In utero and
lactational exposure of male rats to 2,3,7,8- tetrachlorodibenzo-p-dioxin. 3. Effects on
spermatogenesis and reproductive capability. Toxicology and Applied Pharm. 1996.

JECFA. Joint FAO/WHO Expert Committee on Food Additives, Fifty-seventh meeting,
Rome, 5-14 June 2001. Summary and Conclusions. Joint FAO/WHQO Expert Committee on
Food Additives, Rome. 2001; 909.

Cooper RL, Stoker TE, Tyrey L, Goldman JM, McElroy WK. Atrazine disrupts the
hypothalamic control of pituitary-ovarian function. Toxicol. Sci. 2000; 53: 297-307.

Hill AB. The environment and disease: Association or causation? Proc. Royal Soc. Med.
1966; 295-300.

Gray LE, Ostby JS, Kelce WR. A dose-response analysis of the reproductive effects of a
single gestational dose of 2,3,7,8-tetrachlorodibenzo-p-dioxin in male Long Evans Hooded
rat offspring. Toxicol. Appl. Pharmacol. 1997; 146: 11-20.

Mably TA, Bjerke DL, Moore RW, Gendron-Fitzpatrick A, Peterson RE. In utero and
lactational exposure of male rats to 2,3,7,8-tetrachlorodibenzo-p-dioxin. 3. Effects on

spermatogenesis and reproductive capability. Toxicol. Appl. Pharmacol. 1992; 114: 118-
126.

Simanainen U, Haavisto T, Tuomisto JT ef al. Pattern of male reproductive system effects
after in utero and lactational 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) exposure in three
differentially TCDD-sensitive rat lines. Toxicol. Sci. 2004; 80: 101-108.

Bell DR, Clode S, Fan MQ et al. Toxicity of 2,3,7,8-tetrachlorodibenzo-p-dioxin in the
developing male Wistar(Han) rat. I: No decrease in epididymal sperm count after a single
acute dose. Toxicol. Sci. 2007; 99: 214-223.

Ikeda M, Tamura M, Yamashita J, Suzuki C, Tomita T. Repeated in utero and lactational
2,3,7,8-tetrachlorodibenzo-p-dioxin exposure affects male gonads in offspring, leading to
sex ratio changes in F2 progeny. Toxicol. Appl. Pharmacol. 2005; 206: 351-355.

Simanainen U, Adamsson A, Tuomisto JT ef al. Adult 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) exposure and effects on male reproductive organs in three differentially TCDD-
susceptible rat lines. Toxicol. Sci. 2004; 81: 401-407.

Savitz DA. Guest editorial: biomarkers of perfluorinated chemicals and birth weight.
Environ. Health Perspect. 2007; 115: A528-A529.

4

Organohalogen Compounds, Volume 70 (2008) page 000242





