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 This study was conducted to evaluate the responses of immature 

female mice to high doses of Lignans intubated orally for four weeks 

period. Diethyl ether and 80% ethanol was used for extraction of 

Lignans from flaxseeds. Thirty immature female mice, 21 one day 

old, were divided randomly into three equal groups were 

administered 50 and 100 mg/kg body of Lignans, respectively while 

the third group served as a control. The results showed that no 

significant differences in body weight gain among Lignans treated 

groups as compared to the control was recorded. On the other hand, 

Lignans had induced a significant increment in uterine and ovarian 

weight compared with control groups. However, reproductive 

organs, weight increments were coincided with the significant 

increments of gonadotropic hormones; follicle-stimulating hormone 

(FSH), Luteinizing hormone (LH) and estrogen levels. Moreover, 

thyroid hormones showed a significant alteration manifested by a 

significant decrease in the levels of triiodothyronine (T3) and 

thyroxine (T4) and a significant increase in thyroid stimulating 

hormone (TSH). Interestingly, these results confirmed the estrogenic 

activity of high doses of Lignans extracted from flaxseed.  
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1- INTRODUCTION  
 

Lignans are low molecular weight diphenolic plant-derived secondary metabolites, widely distributed in 

plants especially Flaxseeds. The considerable role of Lignans as phytoestrogens, may be due to their structural 

similarity to naturally produced estrogen (endogenous) which facilitates, its binding to estrogen receptors ERα and 

ERβ, and their capability in gene expression modulation with a consequent alteration in reproductive performance 

[4, 5, 6]. Assessment of estrogenic activity of phytoestrogens, (non- steroidal compounds similar to 17 β-estradiol), 

can be carried out in vitro through receptor binding assays [7], cell proliferation and gene expression analysis, while 

in vivo using immature mice and rats and oral or subcutaneous administration of the test compounds were 

established [8]. In addition, responses observed in experimental model rodents for evaluating exogenous estrogenic 

phytoestrogen activity was confirmed by their effects on hypothalamic- pituitary - gonadal axis, changes in uterine 

and ovarian weight as well as their effects in endocrine homeostasis [9, 10].  
 

In experimental animal models, a particular organ changes and overall significant physiological responses to certain 

exogenous estrogens may vary with type, does, age and duration of exposure. In This context and according to the 

accumulative evidence’s low doses of exogenous estrogenic compounds do not elicit classical uterotropic responses 

and may exhibits an antagonistic impacts [11, 12]. However, to avoid potential antagonistic behavior of 

phytoestrogens at low doses such as uterine growth stimulation failures, inhibition of gonadotropin liberation, 
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promotion negative feedback at the hypothalamus/pituitary axis, two high doses of Lignans 50, 100 mg/kg body 

weight was intubated to immature female mice for four weeks and changes in; body, ovarian and uterine weights 

was recorded as well as reproductive and thyroid hormones concentrations.  
 

 

2- MATERIALS AND METHODS  
 

1.   Lignans Extraction  
 

Flaxseed was purchased from Baghdad local market. Seeds were ground using household grinder and 

subjected to soxhlet`s extraction using diethyl ether as recommended by [13]. The residual cake in the thimbles were 

collected and dried in an oven at 40°C, and used a raw material for the extraction of Lignans from flaxseed using 

80% methanol for 1h at 40°C according to the method of [14]. Purified Lignans was kept in a tide-sealed container.  
 

2.   Experimental Animals 
 

The estrogenic activity of Lignans was performed on a total number of thirty immature female Swiss white 

mice, 21 days old and 14-15 gm of weight. Animals were housed in plastic cages in an air-conditioned room (23-

25°C) with an automatically controlled photoperiod of 14 hours light and 10 hours darkness. Mice were fed pelleted 

diet (Wheat grits 22.5%, Barley grits, 20 %, corn grits 20%, meal 17.5%. and powdered whole milk 20 % fortified 

with vitamins and minerals and food salt 5 gm per 10 kg of provender and drinking tap water [15, 16].  
 

3.   Experimental design  
 

Animals were divided randomly into three equal groups (10 mice/ group) and treated daily for four weeks 

as follows:  
 

Group C: Immature female mice were received normal saline solution, serving as control.  

Group I- Mice of this group were received 50 mg of Lignans/ kg body weight suspended in saline solution by oral 

intubations with gavage`s needle.  

Group II- Mice of this group were received 100 mg of Lignans/ kg body weight suspended in saline solution by 

oral intubations with gavage needle.  
 

After the completion of the experimental procedure, animals were anesthetized by ethyl ether under glass beaker in 

order to facilitate blood collection, following body weight estimation; blood was collected from heart directly by 

heart puncture. Serum was collected and stored in deep freezer (-20°c) until used for hormonal determination.  

Animals were then scarified by cervical dislocation, laparotomy was performed, and the whole reproductive system 

was quickly removed and immersed in a petri dish filled with in vitro normal saline, kept at 37°C. Both ovaries were 

quickly dissected out using fine surgical scissors, cleaned from surrounding non ovarian tissue, dried by a filter 

paper, weight by sensitive electronic balance and recorded. The uterus cleaned from surrounded tissue, dried by a 

filter paper and weight was recorded by a sensitive electric balance [17].  
 

4.   Studied parameters were involved: 
 

1. Body weight gain (g), was estimated according to the following equation  

    Weight Gain (g) = Final weight- Initial weight (g)  
 

2. Ovarian weight (Ow, w%) 

    Weight of ovaries were recorded, and then normalized per 100 gm Body weight as follows  

    (Ow, w%) = Ow/ B.W X100  
 

3. Uterine weight (UW, w%.) 

    Weigh of uterus were recorded, and then normalized per 100 gm B.W. as follows 

    (Uw, w%) = UW/B.W.X100  
 

4. Hormones Assay 

    Estrogen (E2), Follicular stimulating hormone (FSH), Luteinizing hormones (LH), thyroid stimulating hormone    

    (TSH), triiodothyronine (T3) and thyroxin (T4) concentrations in the serum of the control and experimental   

    animals were measured by Radio Immuno Assay method [18].  
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5.   Statistical Analysis  
 

A statistical analysis of data was executed on the basis of either one way analysis of variance (ANOVA) 

using significant level of (P<0-05). The least significant differences (LSD) test was also used to compare the 

significance between the means [19].  
 

 

3- RESULTS AND DISCUSSION  
 

1.   Body weight gain (g)  
 

Treatments of immature female mice with two high doses of Lignans (50 and 100 mg/kg B.W.) caused 3.18 

and 4.57 % increments in body weight gain in both treatments T1 and T2 respectively (Fig 1). These differences 

were below the calculated LSD value indicating that Lignans have no significant role in body weight gain. The 

minor increase in body weight gain may attributed to normal physiological growth during the studying period [20, 

21], and this may confirm the fact that body weight is a secondary and a nonspecific endpoint in estrogenic testing. 

Moreover, estrogenic substances often influence water retention, fat distribution and regulations of metabolism in 

experimental mice by estrogen receptors alpha rather than causing marked changes in overall body weight [22, 23].  
 

 

Fig (1): Effect of Flax seed Lignans at a level 50mg/kg B.wt (T1), and 100mg/kg B.wt (T2) on body weight 

gain in immature female mice. C is the control  

LSD= 1.69  
 

Small letter represents the presences of significant (P<0.05) differences between groups  
 

The Effect of Lignans in uterine weight of immature female mice  
 

Immature female mice treated with 50 and 100 mg Lignans/ kg B.W. for four weeks were showed a 

significant increment (P<0.05) in the weight of the uterus for both doses (figure 2) comparing to the control. A 

direct positive relationship was recorded among increased Lignans concentration and the significant increments in 

uterine weight in both groups. The estrogenic activity of a large number of phytoestrogen was confirmed by many 

workers, gavage`s administration of naringenin to immature female mice caused a significant increase in the uterine 

weight [24]. Similar results were recorded in genistein and flaxseeds extract treated female mice [25, 26]. However, 

the significant increases in the weight of uterus in this study may attributed to the histological changes and 

increments in the thickness of uterine wall layers; epithelia, stroma and myometrium in immature and mature female 

mice as mentioned by some workers [11].  
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Furthermore, in immature female mice and during maturation Lignans as an exogenous estrogenic component may 

binds estrogen receptors alpha (ERα) the most plentiful one in the uterus and induces DNA transcription pathway, 

with a consequent alteration in tissue proliferation, structure and early uterine growth stimulation. These changes 

ultimately lead to a significant uterine weight changes [27, 28].  
 

 

Fig (2): Effect of Flax seed Lignans at a level of 50mg/kg B.W. (T1) and 100mg/kg B.W. (T2) on uterine 

weight (g/100g B.W.) in immature female mice. C, is the control  

LSD= 0.055  
 

Small letter represents the presences of significant (P<0.05) differences between groups  
 

Effect of Lignans in the ovarian weight of immature female mice  
 

A significant (P<0.05) increments in the ovarian weight was observed in both immature female mice 

groups (T1 and T2) intubated orally 50 and 100 mg Lignans/ kg body weights (Fig 3). This ovarian weight gain may 

be attributed to structural [29] similarities of Lignans as a phytoestrogen to the endogenous 17β-estradiol which 

makes their binding to estrogen receptors easier particularly to estrogen receptors beta (the dominant receptors the 

ovaries [30], with a consequent elevation in follicular growth and developments during folliculogenesis, in addition 

to the increments of granulosa cell proliferation [31,32, 33]. On the other hand, excessive follicular growths may be 

caused by an indirect effect of Lignans on hypothalamic- pituitary-gonadal axis leading to an increase in 

gonadotropin secretion from pituitary gland (LH and FSH).  
 

Then, elevated levels of LH and FSH therefore increases ovarian estrogen production and promote follicular 

developments. In this study, reproductive hormone elevations may (table 1) confirmed the indirect role of this axis 

in ovarian weight increments. 
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Fig (3): Effect of Flaxseed Lignans at a level of 50mg/kg B.W. (T1) and 100mg/kg B.W. (T2) on ovarian 

weight (g/100g B.W.) in immature female mice. C, is the control  

LSD= 0.002  
 

Small letter represents the presences of significant (P<0.05) differences between groups  
 

Changes in the reproductive and thyroid hormones Levels  
 

A significant (P>0.05) increments in the level of serum LH, FSH and estrogen post four weeks of oral 

intubation of high doses of Lignans in both treated groups comparing to the control was  (table 1). This alteration 

may be to attribute incomplete maturation of hypothalamic -pituitary- gonadal axis at initial stages of the 

development [34]. In Immature female mice, the negative feedback sensitivity of the pituitary and hypothalamus to 

estrogen is reduced, permitting Lignans as an estrogenous compound to stimulate gonadotropin release rather than 

suppress it [35, 36]. Lignans can act as selective estrogen receptor modulator binding to estrogen receptors alpha and 

beta, with higher affinity for estrogen receptors- β, which is abundantly expressed in hypothalamus and ovaries [37]. 

This interaction may enhance gonadotropin- releasing hormone (Primary regulator of the reproductive system), 

leading to elevated pituitary release of FSH and LH, which in turn stimulate follicular development and ovarian 

estrogen production [38]. Further, a significant change in thyroid hormone levels was recorded in this study (table 1) 

manifested by a significant decrease in the level of triiodothyronine (T3), Thyroxin (T4) and a significant increase in 

thyroid hormone stimulating hormone (TSH). The observed reduction in T3 and T4 levels in immature female mice 

post four weeks of treatments with high doses of Lignans may be caused by the interaction of Lignans with 

hypothalamic pituitary thyroid axis, thyroid hormone synthesis and metabolism. The mode of action of Lignans in 

this context was similar to genistein in inhibiting thyroid peroxidase [39].  
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Table (1): Effect of flaxseed Lignans 50 mg/kg B.W. and 100 mg/kg B.W. for four weeks in reproductive and 

thyroid hormones concentration in immature female mice  
 

Hormones Groups 

C T1 T2 LSD 

Estrogen (Pg/ml) 10.35 c 

± 0.12 

16.22 b 

± 0.22 

19.89 a 

0.10 

0.444 

FSH (mIu/ml) 11.02 c 

± 0.09 

19.49 b 

± 0.37 

20.92 a 

0.11 

0.655 

LH (mIU/ml) 11.60 c 

1± 0.19 

21.74  b 

+ 0.19 

23.95 a 

0.18 

0.525 

T3 ng/ml 0.906 c 

±0.06 

0.832 b 

±0.05 

0.776 a 

±0.08 

0.046 

T4 ng/ml 48.70 c 

±0.06 

44.65b 

±0.19 

41.70a 

0.18 

1.95 

TSH ng/ml 0.201 

± 0.004 

0.227 

±0.006 

0.239 

±0.009 

0.010 

 

Values are expressed as mean ± SE, n= 10/group  
 

C: considered as a control group  
 

T1: Immature female mice received (50 mg/kg B.W./day) of flaxseed Lignans for four weeks  
 

T2: Immature female mice received (100 mg/kg B.W./day) of flaxseed Lignans for four weeks  
 

Small letter represents the presence of a significant (P<0.05) difference between groups  
 

 

4- CONCLUSION  
 

Treatments of in immature female mice stages with high doses of Lignans (50 and 100 mg/ kg B.W.) 

caused a marked estrogenic alterations manifested by a significant increments in uterine and ovarian weight gain, 

elevation in FSH, LH and estrogen levels, as well as alteration in thyroid hormone. the results of this study was 

confirmed the biological efficacy of phytoestrogens in direct activation of estrogenic receptors in reproductive 

organs at early stages of the developments, as well as, modifications of the hypothalamic - pituitary- gonadal axis.  
 

 

REFERENCES 
 

 

[1] Adlercreutz, H. (2007). Lignans and human health. Critical Reviews in Clinical Laboratory Sciences, 44(5–

6), 483–525.  

[2] Penttinen, P., Jaehrling, J., Damdimopoulos, A. E., Inzunza, J., Lemmen, J. G., van der Saag, P., & 

Pongratz, I. (2007). Diet-derived polyphenol metabolite enterolactone is a tissue-specific estrogen receptor 

activator. Endocrinology, 148(10), 4875–4886.  

[3] Rodríguez-García, C., Sánchez-Quesada, C., Toledo, E., Delgado-Rodríguez, M., & Gaforio, J. J. (2019). 

Naturally lignan-rich foods: A dietary tool for health promotion? Molecules, 24(5), Article 917.  



Dijlah Journal of Medical Sciences (DJMS)                            Vol. 3, No. 2, May, 2026, pp. 34-42 
P-ISSN: 3078-3178, E-ISSN: 3078-8625, paper ID: 04 

 

40 

 

[4] Owens, J. W., & Ashby, J. (2002). Critical review and evaluation of the uterotrophic bioassay for the 

identification of possible estrogen agonists and antagonists: In support of the validation of the OECD 

uterotrophic protocols for the laboratory rodent. Critical Reviews in Toxicology, 32(6), 445–520.  

[5] Kumar, R., Mishra, A., Tripathi, R., Priya, S., Prasad, M., & Figreda, G. (2025). Comprehensive overview 

of the nutritional and pharmacotherapeutic properties of flax seeds (Alsi). Journal of Natural Remedies, 

25(7), 1487–1500. https://doi.org/10.18311/jnr/2025/48559  

[6] Jefferson, W. N., Padilla-Banks, E., & Newbold, R. R. (2007). Disruption of the developing female 

reproductive system by phytoestrogens: Genistein as an example. Molecular Nutrition & Food Research, 

51(7), 832–844.  

[7] Saarinen, N. M., Bingham, C., Lorenzetti, S., Mortensen, A., Mäkelä, S., Penttinen, P., Sørensen, I. K., 

Valsta, L. M., Virgili, F., Vollmer, G., Wärri, A., & Zierau, O. (2006). Tools to evaluate estrogenic potency 

of dietary phytoestrogens: A consensus paper from the EU Thematic Network “Phytohealth” (QLKI-2002-

2453). Genes & Nutrition, 1(3–4), 143–158. https://doi.org/10.1007/BF02829964   

[8] Saarinen, N. M., Bingham, C., Lorenzetti, S., Mortensen, A., Mäkelä, S., Penttinen, P., ... Zierau, O. 

(2006). Tools to evaluate estrogenic potency of dietary phytoestrogens: A consensus paper from the EU 

Thematic Network “Phytohealth” (QLKI-2002-2453). Genes & Nutrition, 1(3), 143–158.  

[9] Wu, G., Wei, Q., Yu, D., & Shi, F. (2019). Neonatal genistein exposure disrupts ovarian and uterine 

development in the mouse by inhibiting cellular proliferation. Journal of Reproduction and Development, 

65(1), 7–17.  

[10] Haran, W. H., Al-Saeed, M. H., & Al-Masoudi, E. A. (2017). Study of the effect of flax lignan extract of 

Linum usitatissimum and conjugated estrogen on physiological parameters in female rats.  

[11] Haran, W. H., Al-Saeed, M. H., & Al-Masoudi, E. A. (2017). Study of the effect of flax lignan extract of 

Linum usitatissimum and conjugated estrogen on physiological parameters in female rats. Basrah Journal 

of Veterinary Research, 16(1), 2707.  

[12] Sirotkin, A. V., & Harrath, A. H. (2014). Phytoestrogens and their effects. European Journal of 

Pharmacology, 741, 230–236.  

[13] Narziyev, M. S., Ismatova, S. N., Yuldasheva, S. J., Bakayeva, M. R., & Ismatova, N. N. (2025). 

Optimization of flaxseed oil recovery: Soxhlet extraction combined with PEF technology. Development of 

Science, 2(9), 299–300.  

[14] Kim, Y., Kim, H. W., Sung, J., & Kim, Y. (2024). Optimal extraction conditions and quantification of 

lignan phytoestrogens in cereal grains using targeted LC-MS/MS. Frontiers in Nutrition, 11, Article 

1409309.  

[15] Mitruka, B. M., Rawnsley, H. M., & Nadehra, D. V. (1976). Animals for medical research: Models for the 

study of human disease (pp. 1–25). Wiley.  

[16] Grasso, P., Rozhaukaya, M., & Reichert, L. (1997). A synthetic peptide corresponding to amino acid 

residues 24 to 37 of human follicle-stimulating hormone subunit accelerates the onset of puberty in male 

and female mice. Endocrinology, 138(10), 4215–4219.  

[17] Benson, H. J., & Talaro, K. B. (1996). Organ system (rat dissection) in human anatomy. In H. J. Benson & 

K. B. Talaro (Eds.), Human anatomy (pp. 9–18). Time Mirror Company.  

[18] Steel, R. G. D., Torrie, J. H., & Dickey, D. A. (1980). Principles and procedures of statistics: A biometrical 

approach. McGraw-Hill.   

[19] Steel, R. G. D., Torrie, J. H., & Dickey, D. A. (1980). Principles and procedures of statistics: A biometrical 

approach. McGraw-Hill.  

https://doi.org/10.18311/jnr/2025/48559
https://doi.org/10.1007/BF02829964


Dijlah Journal of Medical Sciences (DJMS)                            Vol. 3, No. 2, May, 2026, pp. 34-42 
P-ISSN: 3078-3178, E-ISSN: 3078-8625, paper ID: 04 

 

41 

 

[20] Lund, J., & Clemmensen, C. (2023). Physiological protection against weight gain: Evidence from 

overfeeding studies and future directions. Philosophical Transactions of the Royal Society B, 378(1885), 

20220229.  

[21] Ranea-Robles, P., Lund, J., & Clemmensen, C. (2022). The physiology of experimental overfeeding in 

animals. Molecular Metabolism, 64, 101573.  

[22] Steiner, B. M., & Berry, D. C. (2022). The regulation of adipose tissue health by estrogens. Frontiers in 

Endocrinology, 13, 889923.  

[23] Lee, A. A., & Den Hartigh, L. J. (2025). Metabolic impact of endogenously produced estrogens by adipose 

tissue in females and males across the lifespan. Frontiers in Endocrinology, 16, 1682231. 

https://doi.org/10.3389/fendo.2025.1682231  

[24] Breinholt, V. M., Svendsen, G. W., Dragsted, L. O., & Hossaini, A. (2004). The citrus-derived flavonoid 

naringenin exerts uterotrophic effects in female mice at human relevant doses. Basic & Clinical 

Pharmacology & Toxicology, 94(1), 30–36.  

[25] Abdullah Ibrahim, Z., & Numman Waheed, I. (2022). Effect of phytoestrogen (genistein) on histology of 

uterine lining of adult and post-natal female albino mice.  

[26] Dilshad, S. M. R., Najib-ur-Rehman, N. U. R., Nazir Ahmad, N. A., Arshad Iqbal, A. I., Ali, M. A., & Asif 

Ahmad, A. A. (2012). Effect of flax seeds (Linum usitatissimum) on uterine and ovarian protein contents, 

ovarian cholesterol, serum estradiol, and onset of puberty in immature female mice.  

[27] Padilla-Banks, E., Jefferson, W. N., & Newbold, R. R. (2001). The immature mouse is a suitable model for 

detection of estrogenicity in the uterotropic bioassay. Environmental Health Perspectives, 109(8), 821–826.  

[28] Heneweer, M., Houtman, R., Poortman, J., Groot, M., Maliepaard, C., & Peijnenburg, A. (2007). 

Estrogenic effects in the immature rat uterus after dietary exposure to ethinylestradiol and zearalenone 

using a systems biology approach. Toxicological Sciences, 99(1), 303–314.  

[29] Canivenc-Lavier, M. C., & Bennetau-Pelissero, C. (2023). Phytoestrogens and health effects. Nutrients, 

15(2), 317.  

[30] Enmark, E., Pelto-Huikko, M., Grandien, K., Lagercrantz, S., Lagercrantz, J., Fried, G., Nordenskjöld, M., 

& Gustafsson, J. Å. (1997). Human estrogen receptor β-gene structure, chromosomal localization, and 

expression pattern. Journal of Clinical Endocrinology & Metabolism, 82(12), 4258–4265. 

https://doi.org/10.1210/jcem.82.12.4470   

[31] Järvinen, N. M., Wärri, A., Airio, M., et al. (2007). Role of dietary lignans in the reduction of breast cancer 

risk. British Journal of Nutrition, 98(2), 219–226. https://doi.org/10.1017/S0007114507704989  

[32] Arispe, S., Adams, B. M., & Adams, T. E. (2013). Effect of phytoestrogens on basal and GnRH-induced 

gonadotropin secretion. Journal of Endocrinology, 219(3), 243–250. https://doi.org/10.1530/JOE-13-0158  

[33] Quirk, S. M., Cowan, R. G., Harman, R. M., Hu, C. L., & Porter, D. A. (2004). Ovarian follicular growth 

and atresia: The relationship between cell proliferation and survival. Journal of Animal Science, 82(Suppl. 

13), E40–E52.  

[34] Spaziani, M., Tavantino, C., Talani, N., et al. (2021). Hypothalamo–pituitary axis and puberty. Molecular 

and Cellular Endocrinology, 520, 111094. https://doi.org/10.1016/j.mce.2020.111094  

[35] Jefferson, W. N., Patisaul, H. B., & Williams, C. J. (2012). Reproductive consequences of developmental 

phytoestrogen exposure. Environmental Health Perspectives, 120(3), 356–362. 

https://doi.org/10.1289/ehp.1103909  

[36] Patisaul, H. B., & Jefferson, W. (2010). The pros and cons of phytoestrogens. Frontiers in 

Neuroendocrinology, 31(4), 400–419. https://doi.org/10.1016/j.yfrne.2010.03.003  

https://doi.org/10.3389/fendo.2025.1682231
https://doi.org/10.1210/jcem.82.12.4470
https://doi.org/10.1017/S0007114507704989
https://doi.org/10.1530/JOE-13-0158
https://doi.org/10.1016/j.mce.2020.111094
https://doi.org/10.1289/ehp.1103909
https://doi.org/10.1016/j.yfrne.2010.03.003


Dijlah Journal of Medical Sciences (DJMS)                            Vol. 3, No. 2, May, 2026, pp. 34-42 
P-ISSN: 3078-3178, E-ISSN: 3078-8625, paper ID: 04 

 

42 

 

[37] Morito, K., Hirose, T., Kinjo, J., et al. (2001). Interaction of phytoestrogens with estrogen receptors α and 

β. Biological & Pharmaceutical Bulletin, 24(4), 351–356. https://doi.org/10.1248/bpb.24.351  

[38] Md Zin, S. R., Omar, S. Z., Khan, N. L., et al. (2013). Effects of the phytoestrogen genistein on the 

development of the reproductive system of female rats. Clinics (São Paulo), 68(2), 253–262. 

https://doi.org/10.6061/clinics/2013(02)OA15  

[39] Azeez, I.H., Hussain, M.M. (2025). Evaluation of Pancreatic and Thyroid Hormones Levels in Obese 

Women. Dijlah Journal of Medical Sciences, 1(3): 1-8.  

[40] Sato, A., Tomiyama, N., Kosaka, T., Shiga, A., Hojo, H., & Aoyama, H. (2025). Collection of basic 

information for the proper evaluation of thyroid effects: Possible effects of differences in dietary 

phytoestrogen levels and rat colonies. In Proceedings of the 52nd Annual Meeting of the Japanese Society 

of Toxicology (Session S3-3). https://doi.org/10.14869/toxpt.52.1.0_S3-3  

 

 

 

https://doi.org/10.1248/bpb.24.351
https://doi.org/10.6061/clinics/2013(02)OA15
https://doi.org/10.14869/toxpt.52.1.0_S3-3

