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Abstract

We hypothesized that consumption of soy protein isolate (SPI) or the soy isoflavone genistein (GEN) would modulate mRNA expression of genes underlying
lipid and thyroid hormone metabolism in livers and small intestines of young adult male Sprague–Dawley rats. Early pregnant rat dams were placed on AIN-93G
diets containing casein (CAS, control protein), SPI, or CAS+GEN. Litters were weaned to the same diet as their dam. SPI-fed (but not GEN-fed) male rats of 48
days of age had significant reductions in body weight, abdominal fat pad weight and hepatic content of lipid droplets and triglycerides. Hepatic peroxisome
proliferator-activated receptor α (Ppara) transcripts were elevated with SPI but not GEN diet. Hepatic pyruvate dehydrogenase kinase-4 (Pdk4) and cytochrome
P450 4A10 (Cyp4a10) mRNA abundance was reduced with SPI; the SPI effect on Cyp4a10 was recapitulated by GEN diet. SPI (but not GEN) suppressed Pdk4 and
3-hydroxy-3-methylglutaryl-CoA synthase 2 (Hmgcs2) mRNA abundance in duodenum. Liver iodothyronine deiodinase types 1 and 2 (Dio1 and Dio2) mRNA
levels were increased with SPI diet; the effect on Dio2, but not Dio1 mRNAs, also was observed with GEN. SPI and GEN increased hepatic types 1 and 2
iodothyronine deiodinase (D1 and D2) activities. Effects of SPI and GEN on the above gene expression may contribute to the observed reductions in body and
adipose tissue weight and liver lipid content in this model. Identification of the regulation, by genistein and soy protein, of iodothyronine deiodinase synthesis
has potential applications for treatment and prevention of fatty liver disease and obesity.
© 2010 Elsevier Inc. All rights reserved.
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1. Introduction

There is a growing body of evidence for the anti-obesigenic and
anti-steatotic actions of dietary soy proteins and soy isoflavones [1,2].
Work with rodent models has demonstrated effects of soy protein
isolates to reduce: hepatosteatosis, serum cholesterol and/or trigly-
cerides, hepatic lipogenic enzyme gene expression and insulin
resistance [3–12]. While generally agreeing with respect to effects
of soy protein on the above in rat models, a consensus from such
studies has not emerged regarding the identity of the soy bio-active
component(s) and respective mechanism of action. While data
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supporting the role of soy isoflavones (in particular genistein) in
metabolic disease prevention are robust [2,4,5,7,11,13], other data
support positive benefits of dietary soy protein isolates containing
physiologically insignificant amounts of endogenous isoflavones
[4,7,8,14,15]. In addition, genistein (and perhaps other soy isofla-
vones as well) may exhibit complex dose-dependent inhibitory or
stimulatory actions with respect to adipose tissue deposition [2,16].
Moreover, relatively pure β-conglycinin, a major protein component
of soy protein isolates, lowered serum triglycerides and hepatic fatty
acid synthase mRNA expression when fed to mice, thus recapitulating
at least some of the effects of soy protein isolate [17].

Thyroid hormone and its nuclear receptors (thyroid receptors,
TRs) are important regulators of liver lipids and adipose tissue
deposition [18,19]. T3 suppresses hepatic lipid content in part, by
inducing energy expenditure and fatty acid β oxidation [19–21]. For
example, a mouse line with a dominant negativemutant TRβ receptor
had increased liver lipids [22]. By contrast, mice expressing a mutant
TRα1 receptor lacking T3 binding were hypermetabolic, resistant to
diet-induced obesity, and had increased liver fatty acid catabolism,
while mice with a different mutation in TRα1 had increased visceral
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Fig. 1. Reductions in PND 48 body weight (top) and abdominal fat weight (bottom)
with SPI but not GEN diet. Bar graphs are means±S.E.M. (n=5–6 rats per diet group).
Letters a and b designate differences between group means (Pb.05).
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obesity and liver lipid contents [23,24]. Soy proteins and soy
isoflavones may, at some dietary inputs, affect serum T4 and/or T3
levels in animals [25–27], primates [28] and humans [29,30], although
not all studies have consistently reported such findings [31].
Interestingly, soy protein isolate, but not soy isoflavones, elevated
liver abundance of TRβ1 in male and female Sprague–Dawley rats
[26,27]. Thus, increased liver TRβ1 expression in soy protein-fed rats
may contribute to reductions in liver lipid content and body weight.

The small intestine has an important role in the digestion and
absorption of lipids and cholesterol from the diet and has lipogenic,
cholesterogenic and fatty acid oxidative capabilities [32–36]. Consid-
ering its size and initial exposure to dietary constituents, it is
reasonable that the small intestine may have a significant modulatory
role in postnatal growth and body composition. Indeed, fatty acid
metabolism–related genes were shown to be more highly expressed
in small intestines from obesity-resistant than obesity-prone mice, in
response to high fat diet, suggesting physiological linkages of
intestinal fatty acid oxidation with lean body phenotype [33,36].
Potential effects of soy protein isolates and soy isoflavones on
intestinal lipid and thyroid hormone metabolism have not been
significantly explored.

In previous work, we reported that a diet containing soy protein
isolate lowered body fat content of mature male Sprague–Dawley rats
that had undergone a colon carcinogenesis protocol [37] and
suppressed colon fatty acid synthase gene and protein expression in
young adult male Sprague–Dawley rats [38]. Here, we have used this
same animal model to determine the effects of soy protein isolate and
in parallel, the major soy isoflavone genistein on hepatic and
intestinal expression of key lipid catabolic and thyroid hormone
system genes in the young adult male rat. Results demonstrated
significant effects of soy protein isolate on select liver lipid metabolic
and thyroid hormone system components (not all of which were
mimicked by GEN feeding) and which were correlated with
suppressions of liver lipid droplet and triglyceride contents and
body fat.

2. Materials and methods

2.1. Diets

Isocaloric and isonitrogenous diets contained as sole protein source, either casein
(CAS; 20% w/w; Fonterra USA, Rosemont, IL, USA) or soy protein isolate (SPI; 20% w/w;
Solae, St. Louis, MO, USA) and were formulated (Harlan Laboratories, Madison, WI,
USA) according to the AIN-93G diet formula, except that corn oil replaced soybean oil.
The soy protein isolate contained 2.15 mg/g protein of genistein-containing
compounds, and 1.24 mg/g protein of the aglycone form of genistein. Soy protein
isolate contained 1.41 mg/g protein of daidzein-containing compounds, 0.8 mg/g
Table 1
Sequences of oligonucleotide primers used in qRT-PCR

Gene Forward primer (5′-3′) Reverse primer (5′-3′)

Acot1 GGGTGCTAACATCACCTTTGGA CACCCAACTGTTTGTGGAAGAA
Acot2 CCCAAGACCATGGAAACCAT AATCCCAAGCAGCCCAATTC
Cycophilin A

(Ppia)
CCCACCGTGTTCTTCGACAT TCTCCCCAGTGCTCAGAGCA

Cpt1a CCACAAGGCTACAATGGGACAT GAAGGAATGCAGGTCCACATC
Cyp4a10 CTGGGATCACCTGGACCAGAT ATGTGCTGAGTTCTCTGACAATGC
Dio1 TTGACCAGTTCAAGAGACTCGTAGA GTTCTTAAAAGCCCATCCATCTGT
Dio2 CTTTGAACGTGTGTGCATCGT TCTCCAGCCAACTTCGGACTT
Dio3 GCTCGAACTGGCAACTTTGTC GTGAGATGCTGGCGACTTATTG
Hmgcs2 CAGCTTACCGCAGGAAAATCC CAAAAGGGTGTGTGGAAGATCA
Pdk4 TTGGGAGTATCGACCCCAACT TTCTGGCGACGTTAGATAATACTGA
Ppara GGATGACAGTGACATTTCCCTTTT TCCCCTCCTGCAACTTCTCA
Rpl13a AGTACCAGGCAGTGACAGCTACTCT TGCCTGTTTCCTTAGCCTCAA
Tra1 CAAGGTGGAGTGTGGGTCAGA CCCTGACATGCTGCTTTTCAG
Trb1 GAGTGGTGGATTTCGCCAAA GAGGGACATGATCTCCATGCA
Ucp2 AAGACCATTGCACGAGAGGAA TAGGTCACCAGCTCAGTACAGTTGA
protein of the aglycone form of daidzein, 0.15 mg/g protein of glycitein-containing
compounds and 0.09 mg/g protein of the aglycone form of glycitein. A third diet group
contained CAS (20% w/w) to which the aglycone genistein (GEN; Sigma-Aldrich, St.
Louis, MO, USA) was added (250 mg genistein/kg diet). These SPI and GEN diets result
in similar levels of genistein in rat serum (.4–1.5 μM) and tissues [39]. These serum GEN
concentrations are within the range of those found for humans regularly consuming
soy foods [40].

2.2. Animals and tissue collection

Animal procedures were approved by the University of Arkansas for Medical
Sciences Animal Care and Use Committee. Pregnant Sprague-Dawley rat dams (Charles
River Laboratories, Wilmington, MA, USA) were received at gestation Day 4 and
immediately placed on CAS, SPI or GEN diets (each animal was housed individually).
Animals were maintained in rooms at 24°C, with 40% humidity and a 12-h light/dark
cycle and were provided food and water ad libitum. At birth, litters were adjusted to an
average of five males and five females per dam. At weaning, males were placed on the
same diet as their dam; females were used in unrelated studies. At postnatal Day (PND)
48, five or six males from each diet group (one animal per litter) were weighed and
tissues collected. Gastrointestinal tissues were freed of luminal contents, and portions
of each one-third region of small intestine (duodenum, jejunum, ileum) removed.
Duodenums and jejunumswere homogenized in Trizol (Invitrogen, Carlsbad, CA, USA).
Retroperitoneal fat was dissected and weighed. The left lateral lobe of liver from each
rat was quick frozen. Triglyceride content of liver tissue was determined using reagents
from Synermed (Westfield, IN, USA).

2.3. Histological analysis

Hepatic lipid content was assessed by Oil Red O staining of OCT-embedded tissue
sections. Cryosections were fixed in 10% neutral-buffered formalin for 15 min, stained
with 0.5% Oil Red O in 100% propylene glycol for 15 min and then washed with 85%
propylene glycol. Sections were counterstained with Phoenix Blue, washed with
deionized water and mounted. Slides were visualized on an Olympus BX50 microscope
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and relative area of lipid droplets quantified with image analysis software (MCID Elite
Imaging Software 7.0). A minimum of six independent fields per slide were evaluated.

2.4. RNA isolation and real-time quantitative reverse transcriptase-polymerase
chain reaction

RNAwas extracted using TRIzol reagent, purified using the RNeasyMini Kit (Qiagen,
Valencia, CA, USA), and converted to cDNAusing the iScript cDNASynthesis Kit (Bio-Rad
Laboratories, Hercules, CA, USA). Primers used in quantitative reverse transcriptase-
polymerase chain reaction (qRT-PCR) analysis are found in Table 1 and were obtained
from Integrated DNA Technologies (Coralville, IA, USA). PCR products were amplified
using Bio-Rad iTaq SYBR Green Supermix with ROX (Bio-Rad). Messenger RNA
abundance was normalized to that for cyclophilin A (Ppia) or Rpl13a mRNA.

2.5. Iodothyronine deiodinase activity assays

D1, D2 and D3 activities were measured as described previously [41].

2.6. Statistics

Statistical analysis was performed using SigmaStat for Windows (SPSS). Mean
values were subjected to analysis by one-way analysis of variance (ANOVA) and pair-
wise t tests. Differences between treatment means were considered to be significant at
Pb.05 and to represent a tendency at .05bPb.1.
3. Results

SPI, but not GEN, elicited significant reductions in bodyweight and
retroperitoneal (abdominal) fat pad weights (normalized to body
weight) by PND 48 (Fig. 1). Livers (left lateral lobe) from rats fed SPI
had less cumulative area of lipid droplets than did livers from animals
fed CAS or GEN (Fig. 2A-D). Livers of SPI-fed rats also had the lowest
amount of triglycerides; interestingly, GEN also elicited a reduction in
Fig. 2. Effects of dietary protein, but not GEN, on relative amount (number and size) of lipid dro
from CAS-, SPI- and GEN-fed rats, respectively. (D) Bar graphs are means±S.E.M. of the relativ
Letters a and b designate differences between group means (Pb.01). E, Bar graphs are means±S
and c designate differences between group means (Pb.05).
triglyceride content (compared to CAS) though this was less than that
of SPI (Fig. 2E).

RNA transcripts that encode selected participants in several
pathways of lipid metabolism were examined for potential
modulation by dietary protein or GEN (Table 1). In the liver,
peroxisome proliferator-activated receptor (PPAR) α (Ppara) mRNA
was slightly elevated with SPI but not GEN diet (Fig. 3A). No effects
of diet on levels of Ppara transcripts in the small intestine were
found (Fig. 3B, C). Hepatic mRNA abundance of pyruvate dehydro-
genase kinase-4 (Pdk4) and cytochrome P450 4A10 (Cyp4a10) was
reduced with SPI. The effect of SPI on hepatic Cyp4a10 was
mimicked by feeding GEN (Fig. 3A). A GEN-specific inhibition of
hepatic acyl-CoA thioesterase 1 (Acot1) mRNA also was noted (Fig.
3A). SPI elicited reductions in Pdk4 and 3-hydroxy-3-methylglu-
taryl-CoA synthase 2 (Hmgcs2) gene expression in the duodenum,
effects that were not recapitulated by the GEN diet (Fig. 3B). There
were no significant (Pb.05) effects of diet on any examined
transcripts in the jejunum (Fig. 3C).

Thyroid receptor mRNAs also exhibited tissue-specific changes in
relative abundance with different diets. Liver TRα1 (Tra1) mRNA
tended (P=.08) to increase with SPI but not GEN diet (Fig. 4A).
Intestine TRα1 RNA abundance was unaffected by diet (data not
shown). Hepatic TRβ1 (Trb1) mRNA abundance was increased
(Pb.05) with SPI, but not GEN diet (Fig. 4B); however, intestine
TRβ1 expression was unaffected by diet type (data not shown).

Lastly, iodothyronine deiodinase (Dio1, Dio2 and Dio3) mRNAs
and corresponding enzyme (D1, D2, D3) activities were examined
for potential modulation by diet. Liver Dio1 and Dio2 mRNA levels
were induced with SPI diet (Fig. 5A). The effect of SPI on liver Dio2
plets in PND 48 rat liver. Panels A–C are representative Oil Red O-stained liver sections
e proportion of rat liver tissue section stained with Oil Red O (n=5-6 rats per group).
EM of the total content of triglycerides in rat livers (n=5–6 rats per group). Letters a, b



Fig. 3. Effects of dietary proteins and GEN on mRNA abundance of lipid catabolism-related genes in PND 48 animals. (A) liver transcripts normalized to Cyclophilin A mRNA.
(B) Duodenum transcripts normalized to that for Rpl13amRNA. (C) jejunum transcripts normalized to Cyclophilin A mRNA. (A and C) n=5–6 animals per group; (B), n=4–6 animals
per group. Cyclophilin A mRNA abundance was unaffected by diet in liver and jejunum; however, in duodenum, this transcript tended to be elevated with GEN compared to CAS diet
(P=.06). Thus, Rpl13a mRNA was used for normalization of duodenum transcripts. P value ranges for pairwise t tests are indicated.
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RNA, but not Dio1 RNA, was mimicked by GEN. Liver Dio3 transcript
abundance, in contrast, was unaffected by diet. Inductive effects of
SPI and GEN on Dio2 mRNA in the duodenum paralleled that for
liver (Fig. 5B). Moreover, GEN induced Dio3 mRNA in duodenum. In
jejunum, SPI, but not GEN, suppressed Dio1 and Dio3 transcripts
(Fig. 5C). Activities of the iodothyronine deiodinases were evaluated
as a measure of corresponding protein abundance (Table 2). SPI and
GEN increased D1 and D2 activity in liver. Hepatic D3 activity was
greater for SPI than GEN groups (Table 2). Diet had no effect on
activities of D1 and D3 in the duodenum or jejunum (Table 2), and
there was no detectable D2 activity (i.e., above background) in the
small intestine segments. Notably, D1 activity in the small intestine
was substantially lower than in liver, whereas D3 activity in
duodenum and liver was comparable and exceeded that for
jejunum (Table 2).
4. Discussion

This study utilized a “lifetime” nutritional model [37–39,42] in
which early pregnant Sprague–Dawley rat dams were fed casein, soy
protein, or casein supplemented with genistein, their male progeny
wereweaned to the same diet as their dam, and tissues were collected
at the subsequent young adult stage. This is not an animal model of
diet-induced obesity as high fat or high-calorie diets were not fed, but
rather a model that allows for the study of developmental effects of



Fig. 4. Effects of dietary protein type on liver thyroid hormone receptor mRNA
abundance at PND 48. (A) Liver Trα1 mRNA expression normalized to Cyclophilin A
mRNA (single asterisk, CAS vs. SPI, P=.08; n=5–6 animals per diet group). (B) Liver
Trβ1 expression normalized to Cyclophilin A mRNA. Double asterisks designate
differences between group means (Pb.05; n=5–6 animals per diet group).

Fig. 5. Tissue-specific effects of dietary proteins and GEN on iodothyronine deiodinase
mRNA abundance at PND 48. (A) Liver transcripts normalized to Cyclophilin A mRNA.
(B) Duodenum transcripts normalized to Rpl13a mRNA. (C) Jejunum transcripts
normalized to cyclophilin A mRNA. (A–C) n=5–6 animals per group per tissue.
Relative differences in expression were compared by pairwise t tests (Pb.05). There
were no observed tendencies (.05bPb.1) for any differences.
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different dietary proteins and factors on normal postnatal growth and
development and without differences in food intake. It is interesting
that differences in body weight and retroperitoneal fat weight were
observed with the SPI but not GEN diets. Clearly, the mechanisms that
confer the SPI-elicited differences in body and fat weight appear to
not solely involve GEN. Results with the present rat model confirmed
that soy protein suppresses liver lipid droplet and triglyceride content
[9–11,14]. These effects of soy protein are quite consistent between
different models; however, the present results show that this effect
was observable even in a nonobese model of postnatal growth and
again was not solely due to the genistein in SPI. This same lifetime
model of SPI consumption conferred reduced colon tumor incidence
in adult male rats given the intestinal carcinogen azoxymethane [42].
Future studies in our laboratory will explore possible physiologic
relationships of reductions in body fat and colon tumor incidence.

A novel observation was the suppressive effect of SPI, but not GEN,
on hepatic and duodenal Pdk4 mRNA abundance. The mitochondrial
pyruvate dehydrogenase complex (PDC) catalyzes the oxidative
decarboxylation of pyruvate to acetyl-CoA and is an important
metabolic control point. The PDC is inactivated by phosphorylations
catalyzed by members of the group of pyruvate dehydrogenase
kinases 1–4 [43]. Reduction in Pdk4 mRNA abundance from a steady
state with SPI diet would be expected to lower Pdk4 protein levels
and increase PDC activity. Our results predict increased hepatic and
duodenal PDC activity with SPI diet with resultant decreased blood
glucose levels and increased glucose tolerance and insulin sensitivity
[44,45]; all are hallmarks of soy consumption in rodent models. It
therefore is possible that Pdk4 is an important downstreammediator/
participant in the processes and pathways by which soy protein
consumption leads to glucose tolerance and insulin sensitivity.
However, insulin resistance is known to lead to an increase in hepatic
Pdk4 protein abundance in rats [46], and insulin can suppress Pdk4
gene expression in hepatocytes [47]. Thus, the decrease in Pdk4 gene
expression with soy consumption also may represent a secondary
response to insulin sensitization; rather than as a driver of the
process. Further studies are required to discriminate these



Table 2
Relative iodothyronine deiodinase activities for rat liver and small intestine ⁎

Diet Liver Duodenum Jejunum

D1† D2 D3 D1‡ D3 D1‡ D3§

CAS 90.1±18.1 a 15.2±1.3 a 6.4±1.0 2.8±0.7 6.7±5.5 5.6±1.9 2.9±1.7
SPI 137.6±25.6 b 27.1±2.4 b 8.7±1.1 a 2.4±1.3 5.6±5.5 3.5±2.3 1.5±0.8
GEN 127.7±23.3 b 21.6±4.2 c 4.9±1.2 b 3.3±1.8 4.8±2.2 5.8±2.0 1.6±1.0
ANOVA † P=.058 Pb.001 P=.087 P=.564 P=.169 P=.157 P=.147

⁎ Means±SD; n=6, 6 and 5 of PND 48 animals in CAS, SPI and GEN diet groups, respectively; units of activity of D1 are pmol/min per milligram of protein; units of activity of D2
and D3 are fmol/h per milligram of protein; D2 was undetectable in duodenum and jejunum.

† P values obtained from one-way ANOVA of means within each column (overall diet effect) are shown at bottom of each column; superscript letters within a column indicate
differences (Pb.05) between diet groups as determined by t tests.

‡ D1 activities of duodenum and jejunum were significantly lower than for liver (Pb.01).
§ D3 activity of jejunum was significantly lower than for liver and duodenum (Pb.05).
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possibilities. It also is interesting that SPI affected this gene's
expression in the duodenum similar to that in liver and that this
appears to not be due to GEN. Such observations have bearing on the
potential for dietarymanipulation, by soy protein and its constituents,
of hyperglycemia.

The nuclear receptor PPARα is a well-known inducer of fatty acid
and lipid catabolism-related genes and which may involve coparti-
cipation of thyroid hormone receptors [24]. Feeding methanol-
washed soy protein to rats increased their hepatic Ppara mRNA
abundance, irrespective of any isoflavones supplemented to the diet
[48]. In Zucker obese diabetic rats, liver PparamRNAwas increased by
a soy protein diet [7–9]. The small increase in hepatic Ppara mRNA
abundance with SPI observed in the present study is consistent with
the above findings. Curiously, we did not observe correspondent
increases in liver mRNA abundance of the downstream Ppara targets
Acot 1, Acot 2, Hmgcs2 and Pdk4. Tendencies for small increases in
hepatic Cpt1a and Ucp2 mRNAs that were in the same direction as
Ppara mRNA were noted; however, no transcripts encoding any
lipid catabolism-related proteins were induced in small intestinewith
either SPI or GEN. Supra-physiological levels of isoflavones may
enhance fatty acid β-oxidation as in other tissue [48,49]; however,
such levels of GEN were not studied here. Contrary to our hypothesis,
data did not provide support for inductive effects of SPI or GEN on
lipid catabolism-related pathway genes in the small intestine.
However, our results do not rule out the occurrence of such actions
when high fat diets are fed [33,36].

The ligand T3 and thyroid hormone receptor agonists induce liver
fatty acid oxidation, inhibit hepatosteatosis, and induce energy
expenditure [19,21]. The Ucp2, Cpt1a, Dio1 and Trβ1 genes are
known gene targets of T3/TRs [50–53]. These published results
prompted us to examine for diet effects on tissue expression of T3
receptors and iodothyronine deiodinases, the latter a group of
proteins that generate or inactivate T3 in target cells. Trβ1 is the
predominant thyroid hormone receptor isoform in rat liver. In work
from another group, soy protein, but not soy isoflavones, elevated, in
dose-dependent fashion, liver Trβ1 mRNA and protein abundance in
male and female Sprague–Dawley rats [26,27]. Our results are in
agreement with these earlier findings and reaffirm the induction, by
SPI but not GEN, of hepatic Trβ1 mRNA abundance in Sprague–
Dawley rats. Trβ actions counter hepatosteatosis [22]; therefore, the
effect of SPI to lower liver lipid droplet content may involve the
induction of this receptor in concert with that of PPARα. Our data for
the small intestine did not indicate diet modulation of thyroid
hormone receptor gene expression, thus the induction by SPI is tissue
specific. The constituent(s) of soy protein responsible for this unique
effect in liver remain to be identified.

Tissue-specific responses of iodothyronine deiodinase genes to
type of diet were observed. Interestingly, GEN-induced liver Dio2
mRNA abundance and liver D1 and D2 activities, thus partially
mimicking effects of SPI. D2 is the main enzyme responsible for
tissue- and cell type-specific production of T3 from thyroxine [54]. D1
also may contribute to cellular T3 production; although this is
controversial, since D1 produces other iodothyronines (rT3 and T2)
as well, and has ∼10-fold higher Km for T4 than does D2. D3 is the
major inactivating enzyme of T3. Taken within the context of these
observations, our results point to the enhanced generation of T3, and
perhaps rT3 and T2, in hepatocytes in response to consumption of SPI
or GEN. The observed increase in the mRNA expression of several
thyroid hormone responsive genes, as described earlier, also supports
the conclusion of greater local T3 production in this tissue. Some T4
metabolites such as T2may, in certain physiological contexts, promote
energy expenditure and fatty acid oxidation [55]. As the liver is
important for processing of lipids and for energy expenditure, it is
reasonable to speculate that SPI inductions of liver Trβ1, D1 and D2
collectively contribute to the antiobesity and liver lipid-lowering
actions of SPI in rats. This is consistent with an earlier study in which
Dio1 and Dio2 gene expression and D1 and D2 activities were
enhanced in an animal model that is resistant to diet-induced obesity
[51]. We therefore speculate that inclusion of SPI or GEN in the diet
may, to some degree, augment or supplant the actions of liver-
targeted thyroid receptor agonists in countering obesity and
hepatosteatosis [19]. Obviously, such possibilities will require
confirmation in appropriate animal and clinical models.

Several other observations were of interest: liver D1 levels greatly
exceeded those for intestine as described previously [56], duodenum
levels of D3, while low, approximated those for liver, intestine D2
activity was undetectable, and relative ratio of D1 to D3 differed in
duodenum vs. jejunum. These findings dramatically underscore the
tissue-specificity of iodothyronine deiodinase expression and, hence,
nature of the iodothyronines generated.

In summary, we have identified several metabolic regulatory
genes/proteins to be responsive to SPI and/or GEN-containing diets.
The demonstrated inductive effects of dietary SPI on hepatic Ppara
and Trβ1 transcripts and iodothyronine deiodinases suggests their
associations with diminutions in body weight and liver lipid content
in nonobese young adult rats. Genistein may fully account for the
inductive effect of SPI on liver D1 activity; however, most other SPI
responses (including the diminution in liver triglyceride content)
were not recapitulated fully or at all by this isoflavone. Thus, the
relevant SPI constituent(s) and underlying pathway(s) mediating
these effects of SPI remain to be elucidated. Dietary SPI and GEN may
have clinical relevance since hepatosteatosis is becoming ever more
prevalent as a consequence of the current epidemic of overweight
and obesity.
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