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Dietary phytoestrogens, a 
source of research variation.
Ask a Nutritionist Series: Impact of phytoestrogens 
on research, Volume 1.

•	 Soybean meal, a 
common ingredient in 
laboratory animal diets, 
contains variable levels of 
phytoestrogen known as 
isoflavones

•	 Isoflavones are selective 
estrogen receptor 
modulators (SERM) because 
of both estrogenic agonistic 
and antagonistic effects

•	 Dietary isoflavones can 
affect a variety of research 
endpoints

•	 No simple absolute 
threshold for physiological 
effects

•	 Tissue responses can differ

•	 Magnitude and direction of 
response varies

•	 Responses are model 
dependent

Laboratory diets containing 
soybean meal should be 
avoided in research studies if 
the end point may be affected 
by dietary isoflavones.

Estradiol

Genistein Daidzein

Figure 1. Structural similarity of genistein and 
daidzein to estradiol confers activity at the  
estrogen receptor.
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Figure 2. Box and whisker plots showing the 
distribution of isoflavones (genistein + daidzein) 
in 2A: Soybean meal regionally sourced from the 
upper Midwest by Envigo from 2006 – 2016. 

In 2B: Envigo diets containing low (~5%), medium 
(~10%) and high (~25%) amounts of soybean meal 
during the same time period.

Challenge: 
Dietary isoflavones impact 
research.

Solution: 
Envigo’s minimal isoflavone  
Teklad Global Rodent Diets  
lead to reliable, repeatable 
research results.

Dietary soy: a natural and variable source  
of phytoestrogens 
Phytoestrogens are plant-derived compounds which mimic both the structure and 
function of estrogens in mammals and can impact research results (1, 2). The main 
phytoestrogens (and their primary sources) include: isoflavones (mainly genistin and 
daidzin found in soybean protein), coumestans (mainly coumestrol found in alfalfa) 
and lignans (from flax and sunflower) (1). Isoflavones are glycosylated in soybean 
meal but will be converted within the gastrointestinal tract to the active aglycone 
forms, genistein and daidzein (Figure 1). Since analysis of isoflavones typically 
involves converting to the aglycone 
form, data are routinely reported as 
genistein and daidzein as they are  
in Figure 2. 

Soybean meal is a common 
ingredient in standard laboratory 
animal diets, supplying primarily 
protein, but it also adds the 
isoflavones genistein and daidzein. 

The isoflavone content of soybean 
meal can fluctuate (2 – 6 fold) due to 
genetics and growing conditions  
(3-6). Regional sourcing practices 
can restrict isoflavone variation 
to 2-fold, as demonstrated by the 
internal data shown in Figure 2A 
for soybean meal sourced from the 
upper Midwest. This same variation 
is then reflected in diets containing 
soybean meal. Dietary isoflavone 
level is a function of the amount 
of soybean meal present and the 
content in the source material  
(Figure 2B). 

Diets containing soybean meal 
in typical amounts will have 
isoflavone levels ranging from 
100 – 700 ppm (sum of genistein 
+ daidzein, aglycone form) (7-12). 
Fixed formulation (adding the same 
amount of soybean meal in each 
diet lot) and regional sourcing 
can minimize variation in dietary 
isoflavones within a crop year, 
while year to year differences are 
responsible for the majority of 
variability.
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Physiological actions of isoflavones
Isoflavones may have estrogenic agonistic or antagonistic 
effects and are therefore termed selective estrogen 
receptor modulators (SERM). Structural similarities to  
17 β-estradiol allow isoflavones to bind to estrogen 
receptors with preference for the β receptor (1, 13). 
Although relative potency is significantly lower than 
endogenous estrogens, isoflavones are able to exert 
multiple physiological effects due to higher circulating 
concentrations relative to endogenous estrogen (8, 14). 
Estrogen receptors are widely distributed among body 
tissues and various cell types, affecting a wide range of 
physiological systems, including the cardiovascular (15), 
immune (16-18), reproductive (19-21), endocrine (22, 23), 
and central nervous systems (24-27). While much attention 
has been paid to the effects of isoflavones acting through 
the estrogen receptor, isoflavones also have estrogen 
independent mechanisms such as acting as PPAR agonists 
(22, 28-32), activation of the cAMP/PKA pathway (33-37)  
and via antioxidant activity (25, 38-42).

In general, isoflavones seem to have a protective effect in 
animal models, modulating pathological conditions such  
as cancer, metabolic syndrome, and neurodegeneration. 

By feeding soy-containing diets, the consequent 
‘protective’ effect of isoflavones is likely to 
diminish the phenotype of animal models 
developed or manipulated to exhibit such 
pathology. 

Isoflavones may also confound the effects of putative or 
potential therapeutic compounds.

Dietary isoflavones result in research 
variation
Predicting the impact of dietary isoflavones on research 
outcomes is difficult. Isoflavones do not illicit a classic dose 
response, thus there is no simple absolute threshold for the 
physiological effects of isoflavones and some effects have 
been demonstrated at low levels of phytoestrogens.  
For example, feeding a diet with 100 ppm genistein 
reduced lung metastases in athymic BALB/c mice implanted 
with prostate cancer cells by ~50% (43). Likewise, the 
proportion of TRAMP mice exhibiting prostate tumors 
dropped significantly with the addition of 100 ppm 
genistein to the diet, reducing the effectiveness of the 
animal model (44). Therefore, diets containing < 20 ppm 
have been recommended for endocrine disrupter studies 
because this level is thought to have only negligible 
endocrine effects (14). 

Specific tissues respond differently to the same dose of 
genistein, making it difficult to define a no effect level for 
dietary isoflavones. In ovariectomized mice, feeding 300 
ppm genistein increased uterine weight, while decreases  

References
1.	 Dixon RA. 2004. Annu Rev Plant Biol 55:  

225-61
2.	 Jensen MN, Ritskes-Hoitinga M. 2007.  

Lab Anim 41: 1-18
3.	 Eldridge AC, Kwolek WF. 1983. J Agric Food 

Chem 31: 394-6

4.	 Wang C, Sherrard M, Pagadala S, Wixon R, 
Scott R. 2000. Journal of the American Oil 
Chemists’ Society 77: 483-7

5.	 Swanson M, Stoll M, Schapaugh W, 
Takemoto L. 2004. American Journal of 
Undergraduate Research 2: 27 - 32

6.	 Al-Tawaha AM, Seguin P. 2006. Canadian 
Journal of Plant Science 86: 1079 - 82

7.	 Thigpen JE, Setchell KD, Padilla-Banks 
E, Haseman JK, Saunders HE, et al. 2007. 
Environ Health Perspect 115: 1717-26

8.	 Brown NM, Setchell KD. 2001. Lab Invest 81: 
735-47

9.	 Thigpen JE, Setchell KD, Ahlmark KB, 
Locklear J, Spahr T, et al. 1999.  
Lab Anim Sci 49: 530-6

10.	 Thigpen JE, Setchell KD, Kissling GE, 
Locklear J, Caviness GF, et al. 2013.  
J Am Assoc Lab Anim Sci 52: 130-41

11.	 Degen GH, Janning P, Diel P, Bolt HM. 
2002. Toxicol Lett 128: 145-57

12.	 Owens W, Ashby J, Odum J, Onyon L. 2003. 
Environ Health Perspect 111: 1559-67

13.	 Kuiper GG, Lemmen JG, Carlsson B, Corton 
JC, Safe SH, et al. 1998. Endocrinology 139: 
4252-63

14.	 Thigpen JE, Setchell KD, Saunders HE, 
Haseman JK, Grant MG, Forsythe DB. 2004. 
ILAR J 45: 401-16

15.	 Nagarajan S, Burris RL, Stewart BW, 
Wilkerson JE, Badger TM. 2008.  
J Nutr 138: 332-7

16.	 Yakimchuk K, Jondal M, Okret S. 2013.  
Mol Cell Endocrinol 375: 121-9

17.	 Hong Y, Wang T, Huang C, Cheng W, Lin B. 
2008. Lupus 17: 814-21

18.	 Mohammad Shahi M, Rashidi MR, Mahboob 
S, Haidari F, Rashidi B, Hanaee J. 2012. 
Rheumatol Int 32: 2407-14

19.	 Napier ID, Simon L, Perry D, Cooke PS, 
Stocco DM, et al. 2014. Biol Reprod 90: 40

20.	Delclos KB, Weis CC, Bucci TJ, Olson G, 
Mellick P, et al. 2009. Reprod Toxicol 27: 
117-32

21.	 Delclos KB, Newbold R. 2007. Toxic Rep Ser: 
1-C2

22.	Mezei O, Banz WJ, Steger RW, Peluso MR, 
Winters TA, Shay N. 2003.  
J Nutr 133: 1238-43

23.	Trujillo J, Ramirez V, Perez J, Torre-
Villalvazo I, Torres N, et al. 2005. Am J 
Physiol Renal Physiol 288: F108-16

24.	Vasiadi M, Newman J, Theoharides TC. 
2014. J Neuroinflammation 11: 168

25.	Ma Y, Sullivan JC, Schreihofer DA. 2010. 
Am J Physiol Regul Integr Comp Physiol 299: 
R871-7

26.	Lephart ED, Thompson JM, Setchell KD, 
Adlercreutz H, Weber KS. 2000.  
Brain Res 859: 123-31

27.	 Shir Y, Ratner A, Raja SN, Campbell JN, 
Seltzer Z. 1998. Neurosci Lett 240: 73-6

28.	Dang ZC, Audinot V, Papapoulos SE, Boutin 
JA, Lowik CW. 2003. J Biol Chem 278: 962-7

29.	 Mezei O, Li Y, Mullen E, Ross-Viola JS, Shay 
NF. 2006. Physiol Genomics 26: 8-14

30.	Dang Z, Lowik CW. 2004. J Bone Miner Res 
19: 853-61

31.	 Hurtado O, Ballesteros I, Cuartero MI, 
Moraga A, Pradillo JM, et al. 2012. 
Neurochem Int 61: 119-27

32.	Kim S, Shin HJ, Kim SY, Kim JH, Lee YS,  
et al. 2004. Mol Cell Endocrinol 220: 51-8

33.	Liu D, Zhen W, Yang Z, Carter JD, Si H, 
Reynolds KA. 2006. Diabetes 55: 1043-50

34.	Babu PV, Si H, Fu Z, Zhen W, Liu D. 2012.  
J Nutr 142: 724-30

35.	Vanden Berghe W, Dijsselbloem N, 
Vermeulen L, Ndlovu MN, Boone E, 
Haegeman G. 2006. Cancer Res 66: 4852-62

36.	Al-Nakkash L. 2012. Cell Physiol Biochem  
30: 137-50

37.	 Liu D, Jiang H, Grange RW. 2005. 
Endocrinology 146: 1312-20

38.	Mahn K, Borras C, Knock GA, Taylor P, Khan 
IY, et al. 2005. FASEB J 19: 1755-7

39.	 Si H, Liu D. 2008. J Nutr 138: 297-304
40.	Schreihofer DA, Deutsch C, Lovekamp-

Swan T, Sullivan JC, Dorrance AM. 2010. 
Vascul Pharmacol 52: 236-42

41.	 Kim MJ, Lim Y. 2013. Mediators Inflamm 
2013: 510212

42.	Menze ET, Esmat A, Tadros MG, Abdel-
Naim AB, Khalifa AE. 2015. PLoS One 10: 
e0117223

43.	Lakshman M, Xu L, Ananthanarayanan V, 
Cooper J, Takimoto CH, et al. 2008.  
Cancer Res 68: 2024-32

44.	Mentor-Marcel R, Lamartiniere CA, Eltoum 
IE, Greenberg NM, Elgavish A. 2001.  
Cancer Res 61: 6777-82

45.	Naaz A, Yellayi S, Zakroczymski MA, Bunick 
D, Doerge DR, et al. 2003. Endocrinology 
144: 3315-20

46.	Ju YH, Doerge DR, Allred KF, Allred CD, 
Helferich WG. 2002. Cancer Res 62: 2474-7

47.	 Mai Z, Blackburn GL, Zhou JR. 2007. 
Carcinogenesis 28: 1217-23

in adipose tissue were only seen at dietary levels of 500 
ppm or more and effects on body weight were only 
significant at 1500 ppm (45). Additionally, the magnitude 
and direction of isoflavone effects can vary. Similar levels of 
dietary genistein (~1000 ppm) suppressed (46) or enhanced 
(47) the action of tamoxifen in models of ectopic breast 
cancer in the presence of estradiol. Response to dietary 
isoflavones is also model dependent. In Fischer 344, but not 
Sprague-Dawley® rats, vaginal opening date was affected 
by changes in dietary isoflavone levels ranging from 7 – 431 
ppm (7).

With so much uncertainty, the precautionary 
principle would dictate that laboratory diets that 
contain soybean meal should be avoided for those 
research studies in which the end point may be 
affected by dietary isoflavones.
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