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ABSTRACT

Dietary isoflavones are thought to influence reproductive and hepatic parameters in
captive cheetahs. The isoflavone content of commercially-available feline diets was
evaluated and isoflavones were found to be common constituents of diets consumed by
captive cheetahs and domestic cats (occurring in over 75% of both diet types). Exposure
of domestic cats was estimated to range between 0 and 8 mg/kg BW total isoflavones,
whilst captive cheetah exposure was ranged from 0 to 4 mg/kg BW.

Single oral bolus doses of isoflavones were administered to captive cheetahs (n = 4) and
domestic cats (n = 18) and serial blood, urine and faecal samples collected and analysed
for isoflavone metabolite content. The fraction of isoflavone absorbed, as estimated from
the plasma concentration over time, was 54% for genistein and 29% for daidzein in
domestic cats. However cheetahs absorbed significantly less of both isoflavones (33%
for genistein and 11% for daidzein). Sulphate conjugates predominanted the plasma
metabolite profile (90% of plasma metabolites) in both species, but cheetah plasma
contained approximately twice the amount of unbound genistein and daidzein than cats
(as a fraction of the total detected). A dose- and/or diet-related response was observed in
domestic cat studies but further testing is required to confirm this. Prior exposure to an
isoflavone-containing diet appeared to enhance the production of equol, a metabolite of
daidzein. The cheetah appears to be less efficient in its absorption of isoflavones,
although this species is potentially inferior in its conjugation capacity. A positive
correlation was observed between cheetah age and the proportion of absorbed fraction
appearing as a conjugate in the plasma of this species.

Vaginal cytology was monitored in domestic cats consuming the purified isoflavones
genistein and daidzein from weaning until 480 days of age and compared to that of
unexposed, related cats. The reproductive tract from each cat was then removed during
routine gonadectomy and a liver biopsy collected for comparison between groups. No
difference in wet weight of reproductive tracts was detected. However, luminal epithelial
cell height was greater in tissues from isoflavone-treated cats (p < 0.05). No differences
were found in follicle development or distribution between groups and no histological
abnormalities were detected. Expression of Oestrogen Receptor a and B was up-
regulated in treatment cat tissues, while Progesterone Receptor expression was down-
regulated, compared to control tissues (p < 0.05). Hepatic histology and the extent of
fibrosis was unremarkable in both groups.

These findings indicate that despite their poor absorption and efficient conjugation,
isoflavones consumed at doses representative of commercially-available diets are still
capable of exerting biological activity in the reproductive tract of domestic cats.
However no influence was detectable in the liver parameters measured. The potentially
lower conjugation capacity of the cheetah may confer divergent biological activity in this
species.
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Pharmacokinetic parameters for cats administered with 37.58 jumol
genistein and 48.48 pmol daidzein (2.22 mg genistein’kg BW and
2.86 mg daidzein’kg BW). Values are expressed as mean (= SEM).

Proximate composition of diets used in experiments in Section 3.2

Mean (+ SEM) plasma pharmacokinetic variables for cats (n =3 +
1) fed a diet containing 151.44 ug/g dry matter (DM) genistein and
198.43 ng/g DM daidzein. Average intake of isoflavones was 0.62
mg genistein/kg body weight (BW) and 0.82 mg daidzein/kg BW.
ND = Not detected

Urinary excretion (mean £ SEM) of isoflavones by cats following a
single oral bolus dose of purified aglycones of genistein and
daidzein (providing 1 mg/kg BW each). N = 4 female, 4 male.
Different superscripts within rows indicate significant differences (p
<0.05).

Faecal excretion (+ SEM) of isoflavones by domestic cats following
a single oral bolus dose of 1 mg genistein/kg BW and 1 mg
daidzein/kg BW. N =4 males, and 4 females. Different
superscripts within rows indicate significant differences (p < 0.05).

Plasma pharmacokinetic (mean + SEM) variables for cats (n = 8)
following a single oral bolus of purified genistein and daidzein (1
mg genistein/kg BW and 1 mg daidzein/kg BW). Tp.x = time of
maximum peak plasma concentration, Cy,.x = peak plasma
concentration, AUC = area under the curve.

Fractional recovery (of ingested dose) of genistein and daidzein in
male (n = 4) and female (n = 4) domestic cats.

Mean faecal excretion of isoflavones by adult cheetahs following a
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of 1.40 mg/kg BW (£ 0.08) and daidzein 1.49 mg/kg BW (+ 0.08).

N = 4 males.

Plasma pharmacokinetic (cheetah 1, cheetah 2) variables for
cheetahs, following a single oral bolus of soy extract, providing
247.72 uM genistein and 271.51 pM daidzein. T,,.x = time of
maximum peak plasma concentration, Cp.x = peak plasma
concentration, AUC = area under the curve. ND = not detected

Comparative urinary excretion (Mean = SEM) of isoflavones when
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extract. N = 8 domestic cats and 4 cheetahs.

Comparative metabolism of isoflavones in cheetahs and domestic
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Summary of the mean hormone receptor proportion and intensity in
the ovarian cortex of control (N = 8) and treatment cats (N = 4) at
the time of ovario-hysterectomy.

Summary of the mean hormone receptor proportion and intensity in
the ovarian medulla of control (N = 8) and treatment cats (N = 4) at
the time of ovario-hysterectomy.

Summary of the mean hormone receptor proportion and intensity in
the uterine endometrium of control (N = 8) and treatment cats (N =
4) at the time of ovario-hysterectomy.

Summary of the mean hormone receptor proportion and intensity in
the outer uterine endometrium of control (N = 8) and treatment cats
(N = 4) at the time of ovario-hysterectomy.

Summary of the mean hormone receptor proportion and intensity in
the uterine myometrium of control (N = 8) and treatment cats (N =
4) at the time of ovario-hysterectomy.

Mean (£SEM) hepatic biochemistry parameters following a 394 day
(£ 25.73) period of dietary isoflavone exposure in the treatment

group.
Mean (£SEM) change in hepatic biochemistry parameters 40 days

following the removal of isoflavones from the treatment group cats
(no dietary change in the control cats).

Summary of the mean hepatic parameter scores in the liver pibosies
of control (N = 7) and treatment cats (N = 4) at the time of ovario-
hysterectomy. Data is presented as the percentage of cats with
positive observation scores for each parameter. The exception to
this is fibrous area which is presented as the mean area of fibrous
tisues surrounding hepatic blood venules as a percentage of the
venule area.

22

251

269

273

278

279

279

280

281

300

300

311



Index of Figures

Figure Title

Il

j Y

1.3

1.4

15

1.6

1.7

1.8

159

2.1

22

The molecular structure of the two major isoflavones, genistein and
daidzein (from Brozi€ et al. 2006).

Metabolic conversion of daidzein and genistein.  Following
ingestion, isoflavones are cleaved by intestinal glycosidases to
aglycones, and then further metabolised by bacterial enzymes in the
gut. Several metabolites are produced; dihydrogenistein,
dihydrodaidzein, tetrahydrodaidzein, O-desmethylangolensin and
equol (Hwang et al. 2006).

Intestinal handling and metabolism of isoflavones. Adapted from
Andlauer et al. (2000a).

Schematic 1illustration of the physiological fate of dietary
isoflavones (adapted and extended from the illustration of Turner et
al. 2003; Thomson 2005).

Structure of oestradiol (E2), and genistein (GEN). Green rings are
the phenolic A-rings; ring classification (A — D) are depicted in E,
(from Pike 2006).

Faecal oestradiol (A ) and progesterone (® ) excretion in a female
cheetah after a non-fertile mating. * indicates oestrus (Brown et al.
2001).

Circulating oestradiol (@), LH (o) and progesterone (0) profile of
the domestic cat oestrous cycle and ovulation inducing luteinising
hormone surge following mating (Banks and Stabenfeldt 1982).

Faecal oestradiol (A) and progesterone (®) excretion in a female
cheetah (Brown et al. 2001).

Various cellular stages of vaginal epithelium during the oestrous
cycle of the domestic cat (a), parabasal cells predominate during
inter-oestrus, (b), intermediate cells begin to appear in pro-oestrus
and (c), nucleated superficial cells become more prominent during
oestrus. Anucleated superficial cells (d), are indicative of true
oestrus.

Box plot of the total isoflavone content (mg/kg DM) of domestic cat
diets, according to diet category.

Box plot of the daidzein, genistein and total isoflavone content
(mg/kg dry matter) of domestic cat (1) and captive cheetah (2) diets.
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32

Blood collection from an indwelling catheter in the jugular vein of a
domestic cat

Representative HPLC chromatogram from urinary analysis
demonstrating the elution of flavone (internal standard), daidzein
and genistein.

Cumulative urinary excretion isoflavones by cats (male and female)
following a single oral bolus dose of purified genistein and daidzein,
each provided at 1 mg/kg BW.

Cumulative faecal excretion unbound isoflavones by cats (male and
female) following a single oral bolus dose of purified aglycone
isoflavones, each provided as 1 mg/kg BW.

Log/linear plot of the plasma concentration of genistein and
daidzein metabolites (normalised to parent compound molar
amounts) in cats following ingestion of 15.25 pmol genistein
aglycone and 16.14 pumol daidzein aglycone. Graph depicts mean
concentration.

Plasma concentration-time curve of unbound genistein in two
cheetahs, following dietary exposure to 247.72 uM genistein,
plotted on a log-linear scale.

Plasma concentration-time curve of unbound daidzein in two
cheetahs, following dietary exposure to 271.51 uM daidzein, plotted
on a log-linear scale.

Plasma concentration-time curve of genistein monosulphate in two
cheetahs, following dietary exposure to 247.72 uM genistein,
plotted on a log-linear scale

Plasma concentration-time curve of daidzein monosulphate in two
cheetahs, following dietary exposure to 271.51 uM daidzein, plotted
on a log-linear scale.

Representative smear indicative of inter-oestrus.

Note the predominance of parabasal cells (typical cell indicated by
an arrow). A typical intermediate cell is marked with a *.

Eosin and polychrome stain.

Representative smear indicative of pro-oestrus. Note the
predominance of nucleated superficial cells (arrow).
Eosin and polychrome stain.

Representative smear indicative of oestrus.
Note the predominance of anucleated superficial cells (arrow).
Eosin and polychrome stain.

Mean weekly body weight (kg) of cats in the control (n = 9) and
treatment (n = 6) groups, from birth until maturity. Error bars
represent SEM.
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5.4

S5+5a

5.5b

5.6

5.7

5.8a

5.8b

5.8c

6.1a

6.1b

6.1c

The proportion (%) of parabasal cells appearing in vaginal smears of
a control cat over time.

The ovarian structure classification. 1. Medulla. 2. Cortex. 3. Area
of primordial follicles. 4. Primordial follicle. 5. Secondary follicle.
6. Tertiary follicle. 7. Mature follicle. 8. Atretic follicle. Stained
with haematoxylin and eosin (Gunin 2007).

The uterine lumen of a treatment cat exhibiting suppurative
endometritis. Note the extensive glandular activity. Stained with
haematoxylin and eosin.

Uterine lumen of a cat during the luteal phase. Stained with
haematoxylin and eosin (from Chatdarong et al. 2005)

Section of the uterine lumen, stained with haematoxylin and eosin.
Inset box shows magnification of the luminal epithelium with lines
demarcating apical and basolateral surfaces for luminal epithelial
cell height measurements.

Histological section of a cat ovary showing primordial (a),
secondary (b) and tertiary (c) follicles (arrows). Stained with
haematoxylin and eosin. Scale bar =200 pm.

Top: Section of a cat uterine lumen, stained for ERa with
monoclonal mouse antibody, IgGl (NCL-ER-6F11). Bottom:
Negative control tissue.

Top: Section of a cat uterine lumen, stained for ERB with
monoclonal mouse antibody, IgGl (NCL-ER-beta). Bottom:
Negative control.

Top: Section of a cat uterine lumen, stained for PR with mouse
monoclonal antibody, IgG1 (PR4-12). Bottom: Negative control.

Liver section from a domestic cat with diagnosed hepatic VOD
(from Cave et al. 2002). Central vein surrounded by subendothelial
fibrosis, stained dark green. Mason Trichrome stain.

Liver section from a domestic cat in the current study. Central vein
surrounded by subendothelial fibrosis, stained green. Masons
Trichrome stain.

Liver section from a cheetah with VOD. (Courtesy Wellington
Z00). Central vein surrounded by subendothelial fibrosis, stained
blue. Masons Trichrome stain.
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