CHAPTER 3

RESULTS

3.1 Subjects
The demographic characteristics of 12 subjects enrolled in the study are shown in
Table 2. Every subject was healthy on the basis of medical history, physical and

biochemical investigations. All subjects completed the study.

3.2 Validation of HPLC method

3.2.1 Specificity

Chromatogram of isoflavone-free plasma is shown in Figure 5, whereas
chromatogram of plasma containing 2,400 ng/mL of diadzein and genistein as well as
50,000 ng/mL of fluorescein (IS) is presented in Figure 6. The retention times (k) of
diadzein, genistein and fluorescein were 9.980, 12.541 and 6.425 min, respectively.
All peaks were clearly separated and no interference from endogenous substances was

observed.
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Table 2 The demographic characteristics of 12 subjects enrolled in this study

Subject Age (y) Weight Height BMI FSH
No. (kg) (m) (kg/m’) | (IU/L)
1 52 57.00 1.60 22.27 49.20
2 53 52.50 1.53 22.43 48.50
3 54 54.00 1.51 23.68 33.50
4 54 60.00 1.56 24.65 49.40
5 56 48.50 1.45 23.07 38.60
6 56 42.00 1.44 20.25 68.50
7 49 58.50 1.66 21.23 128.20
8 55 58.00 1.53 24.78 68.80
9 57 48.50 1.50 21.56 101.00
10 62 60.50 1.60 23.63 53.33
11 59 49.00 1.51 21.50 40.79
12 62 48.00 1.42 23.81 63.49
Mean 55.75 53.04 1.53 22.74 61.94
SD 3.70 5.63 0.07 1.37 26.43
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Figure 5 Chromatogram of isoflavone-free plasma
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Figure 6 Chromatogram of plasma sample containing 2,400 ng/mL of diadzein (k =

9.980) and genistein (k = 12.541) as well as 50,000 ng/mL of fluorescein (IS, k =

6.425) (k = retention time)
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3.2.2 Calibration curve and linearity
Calibration curve of standard plasma containing 37.5-2,400 ng/mL of
isoflavones was constructed from the measured peak height ratios of isoflavones and
fluorescein chromatograms. Linearity of the calibration curve was determined by
regression and correlation coefficient (r*) analyses. The data of plasma isoflavones
used for constructing calibration curve are shown in Table 3. The regression
equations for testing the linearity of standard calibration curves are shown below:
Daidzein y =0.0607x + 0.4064, 1*=0.9999
Genistein y =0.0597x +2.0933, 1*=10.9998
The linearity with good correlation coefficient (r*) of calibration curves is also
demonstrated (Figures 7A, 7B).

Table 3 Calibration curve data of daidzein and genistein in plasma

Conc. IS Daid Gen Daid/IS Gen/IS
e (ng/ml) | (peak ht) | (peak ht) | (peak ht) | (peak ht ratio) |(peak ht ratio)
1 37.5 10343 318 502 0.03 0.05
2 75 10703 553 724 0.05 0.07
3 150 9665 931 1079 0.10 0.11
4 300 9411 1792 1930 0.19 0.21
5 600 9262 3330 3355 0.36 0.36
6 1200 9579 6928 7059 0.72 0.74
7 2400 9484 13904 13814 1.47 1.46

Pooled calibration curves from 5 replicated calibration data of daidzein and

genistein are shown in Figures 8 A and 8B.
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Figure 7A Standard calibration curve of peak height ratio of daidzein/IS versus
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Figure 7B Standard calibration curve of peak height ratio of genistein/IS versus

plasma genistein concentrations
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3.2.3 Precision and accuracy

Intra-day and inter-day precision were determined using 3 quality control (QC)
samples of daidzein and genistein in plasma (112.5, 1100, 2200 ng/mL). Intra-day
precision was determined in one day by assaying 5 replicates of each concentration
whereas inter-day precision was determined daily with one sample of each
concentration for 5 days.

Precision determines as percentage of coefficient of variation (CV) and %
deviation of intra-day for low (112.5 ng/mL), medium (1100 ng/mL), and high (2200
ng/mL) plasma daidzein and genistein concentrations are shown in Table 4, whereas
the % CV and % deviation of inter-day precision for plasma daidzein and genistein
concentrations are shown in Table 5. All these values were within range of £15%
recommended by U.S. Food and Drug Administration guidance for bio-analytical
method validation.

3.2.4 Recovery

The mean values of % recovery of the analytical procedure for daidzein,
genistein, and IS are presented in Table 6. At the concentrations of 112.5, 1100, and
2200 ng/mL, the mean vales of % recoveries of daidzein were 102.46%, 81.44% and
85.00%, respectively, whereas, those of genistein were 97.24%, 84.73%, and 83.77%,
respectively. The overall mean values of % recoveries of daidzein, genistein, and IS

were 89.63%, 88.58%, and 91.29%, respectively.



49

LEOT 9¢' Y o3eIoAY
68°Cl 8¢S 09°¢el | 89°¢8¥C Ts01¥e 81°689C P1'6€ST vy 0SE€T 60°6CYC 002¢
617l 91°¢ LTy SOpETI L1°60C1 €R°0LZ1 P1°€STI CLCLIT LEL9TI 0011
s STy [4VRS 98Il L1°9T1 TSIl S0°02I SE9IT 09°¢Tl STl
(%) (AD %) as UBd G oN ordwes |  "oN o[dwieg | ¢ "oN o[dweg | 7 ‘oN o[dweg | 1 ‘oN odwes (Twy/3u)
Qoﬁm.ﬂﬁooﬁonu
UOIBIAQ(] | UOISIOdI] (Twy/3u) urelSIuag JO UOLBIIUIDUOD PIje[no[e) paids
LTV 0l'¥ o8eIoAy
LE9 96°¢ SL'T6 11°0v€T 60°€1€T 20°€6¥C £0°9%€T €1'9vCe ¥T'20€T 002T
699 8€°C 06'LT 8SCLII L8002 €T L8TIT TTTLII SELTIT TE08I1 0011
90" 96'¢ 899 [TCll ISPIT 1LCI1 AN 16011 LY'0Cl STl
(%) (AD %) as UBdN | G "ON d[duieg | ¢ "oN d[dwes | ¢ ‘oN o[dwes | 7 ‘oN d[dueg | [ "oN o[dwes (Twy/3u)
UoneINUIIUOD
uonerAd(J UOISI0aIJ (Tw/3u) urezprep Jo UOHBIIUIIUOD PIIB[NI[R)D) poyids

ewse[d ur urd)sIudg pue UIdZpIep Joj SISA[eur Ay} JO UOHBIAID pue uoIsiodld Aep-enu] ¢ d[qe],




50

LEL 8%'S ogeIoAy
101 4a% €8°L0OT | €6'8THT | 16°COIFBL'E6TT | 81'LTIFES ISST [8STIF66'THET | L6 66F0ETSYT | 09'€CIF89€8YT | (S=U) 00TT
vE0l 68 bE'6S | 8L'EITI | 8TSYFESTOHIT | LI'96FCY60ET [SOOIFES €T |TOSIFERYLIT| TLTHFSOHETT | (s=u) 00T
9¢'l TrL TI'8 | €OVIT | €SP PFII0TI 01'STF8T001 | 6F'6FSH'SII | SHLFOTHIT | TOSFITSIT | (s=U) $TIl
(%) (AD %) as UBIN s Keq t Ke ¢ Keq ¢ feq I @ (Tw/3u)
uonenuaduod
UonBIAY(] | UOISIOAI] (Tw/Su) urelSIuSS JO UOHBIUIOUOD PAJR[NI[E) payids
140 98°9 o3eIoAy
LEO 08'8 ¥9°90T | 8T'8YET | 6S PV IF8Y'8LET | #€ SOIFH0'689T | TS 19FOY'STIT| T 08F8Y LLTT| SLTEGFII0PET | (S=U) 00TT
LL'Y- S0'9 €8°L9 | OI'ITIT | LESLFOIT60T | 81°98F90'SITI |STLIFES'8I0L|8S LIF6I'6901| 06 LTFS ELIT | (S=W) 0011
o€ vL'S §9°9 | 9L°SII | T0'SF6OII €L'SFLYOTT | TSIFES60T | 9T9FELYIT | 89°9FITTIT | (S=W) STII
(%) (AD %) ds UBIA ¢ KeQq ¥ Ke ¢ Leq ¢ Leq [ Ae@ (Tw/3u)
UoneIUIIUOD
paxidg
UONRBIAJ(] | UOISIOAIJ (Tw/3u) urezprep Jo UOHBIUIIUOD PIIL[NI[R)D) )

ewse[d ur urd)sIudg pue UIdZpIep JIoj SISA[eur Ay} JO UOHBIAID pue uoIs1odld Aep-1oju] ¢ d[qe],




51

Table 6 Recovery of daidzein, genistein and IS in plasma

. Peak ht of daidzein Peak ht of genistein Peak ht of IS
Concentration
(ng/mL) in mobile | in plasma | in mobile in plasma in mobile | in plasma
phase phase phase
112.5 672 655 672 662 7392 7083
112.5 685 677 732 679 7184 7250
112.5 811 724 795 710 7425 7371
112.5 626 742 636 641 7050 7285
112.5 581 660 605 653 6500 6857
Mean 675 692 688 669 7110 7169
SD 86.37 39.18 76.21 26.79 374.14 203.45
% Recovery 102.46 97.24 100.83
1100 6746 5273 6881 5636 8016 6905
1100 7142 5676 7232 6045 7925 6349
1100 6459 5286 6512 5609 7526 6135
1100 6995 5346 7161 5625 8004 6931
1100 6350 5858 6610 6230 8130 7291
Mean 6738 5488 6879 5829 7920 6722
SD 338.27 264.31 320.62 289.28 232.18 470.27
% Recovery 81.44 84.73 84.87
2200 14098 11984 13050 10786 6505 6121
2200 14336 11889 13607 11133 7940 6740
2200 13577 11722 12896 11059 7555 6819
2200 14073 12185 13331 11411 7867 6623
2200 14214 11970 13492 11217 8035 7115
Mean 14060 11950 13275 11121 7580 6684
SD 289.31 167.69 297.79 228.87 627.54 363.25
% Recovery 85.00 83.77 88.17
Average recovery (%) | 89.63 88.58 91.29
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3.2.5 Freeze/thaw (F/T) stability

The stability of diadzein and genistein in plasma at the concentrations of 112.5
and 2,200 ng/mL kept frozen at -80 °C before and after freeze and thaw stability test is
presented in Table 7. The remaining of daidzein at the concentrations of 112.5 and
2,200 ng/mL after 3 freeze-thaw cycles was 91.16% and 101.73%, respectively,
whereas that of genistein was 89.65% and 98.51%, respectively. The overall
freeze/thaw stability of daidzein and genistein was 96.45%, and 94.08%, respectively.

3.2.6 Short-term stability

Short-term stability test of diadzein and genistein in plasma kept at room
temperature for 8 h against those of freshly prepared samples is presented in Table 8.
Daidzein remaining at the concentrations of 112.5 and 2,200 ng/mL kept at room
temperature for 8 h was 100.54% and 94.67%, respectively, whereas that of genistein
was 90.27% and 90.46%, respectively when compared with the corresponding freshly
prepared samples. The overall remaining of daidzein was 97.60% and was 90.36%

for genistein.



of freeze and thaw (F/T) stability
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Table 7 Concentrations of daidzein and genistein in plasma before and after 3 cycles

Before F/T After F/T
Concentration
(ng/mL) Peak ht of| Peak ht of |Peak ht of|Peak ht of
daidzein genistein daidzein | genistein
112.5 866 1072 712 859
112.5 793 970 689 841
112.5 763 905 807 942
Mean 807 982 736 881
SD 52.97 84.18 62.55 53.87
S$Remaining’ 91.16 89.65
2200 13663 14190 13784 13782
2200 12907 13420 13531 13666
2200 13063 13434 13005 12984
Mean 13211 13681 13440 13477
SD 399.14 440.57 397.39 431.16
$ Remaining’ 101.73 98.51
Average F/T stability (%)? 96.45 94.08

? (% remaining of low concentration + % remaining of high concentration)/2

! (mean value of concentration after F/T) x100/(mean value of concentration before F/T)




Table 8 Short-term stability of daidzein and genistein in plasma
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Freshly prepared sample

Sample kept at room temperature for 8 h

Concentration
Peak ht Peak ht
(ng/mL.) Daid/IS | Gen/IS Daid/IS | Gen/IS
IS Daid | Gen IS Daid | Gen

112.5 7724 811 1029 0.10 0.13 7417 899 1008 0.12 0.14
112.5 7739 811 1041 0.10 0.13 8519 896 983 0.11 0.12
112.5 6929 | 1078 | 1059 | 0.16 | 0.15 | 7542 | 1063 | 968 0.14 | 0.13
Mean 0.12 | 0.14 0.12 | 0.13
SD 0.03 | 0.01 0.02 | 0.01
% Remaining' 100.54 | 90.27
2200 7466 | 13486 | 12862 | 1.81 1.72 | 6745 | 11981 | 10875 | 1.78 1.61
2200 6856 | 11940 | 11347 | 1.74 1.66 | 7822 | 12150 | 11113 | 1.55 1.42
2200 7364 | 11403 | 10902 | 1.55 1.48 | 8101 | 12113 | 11030 | 1.50 1.36
Mean 1.70 1.62 1.61 1.46
SD 0.13 | 0.13 0.15 | 0.13
% Remaining' 94.67 | 90.46
Average short term stability (%)* 97.60 | 90.36

' (mean value of concentration after 8 h) x 100/(mean value of concentration of freshly prepared

sample)

% (% remaining of low concentration + % remaining of high concentration)/2
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3.2.7 Post-preparative stability

Post-preparative stability test of diadzein and genistein in plasma samples
standing in the auto-sampler for injection onto the analytical column against freshly
prepared samples is presented in Table 9. The remaining of daidzein at the
concentrations of 112.5 and 2200 ng/mL after waiting in the auto-sampler for
injection onto the analytical column was 101.66% and 102.20%, respectively,
whereas that of genistein was 97.87% and 100.60%, respectively. The overall post-

operative stability of daidzein and genistein was 101.93%, 99.24%, respectively.
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Table 9 Post-preparative stability test of diadzein and genistein in plasma

Concentration Freshly prepared sample Sample standing in auto-sampler

(ng/mL)

IS Daid | Gen [Daid/IS|Gen/IS| IS Daid | Gen |Daid/IS|Gen/IS

112.5 8724 | 795 | 1062 | 0.09 | 0.12 | 8564 | 792 |1039| 0.09 | 0.12

112.5 8592 | 799 | 1099 | 0.09 | 0.13 | 9241 | 844 [1089| 0.09 | 0.12

112.5 7039 | 671 910 | 0.10 | 0.13 | 7417 | 733 | 949 | 0.10 | 0.13

112.5 8780 | 775 | 1043 | 0.09 | 0.12 | 9241 | 844 |1089| 0.09 | 0.12

112.5 8724 | 795 | 1062 | 0.09 | 0.12 | 8564 | 792 [1039| 0.09 | 0.12

Mean 0.09 | 0.12 0.09 | 0.12
SD 0.003 | 0.005 0.003 | 0.004
% Remaining' 101.66| 97.87

2200 7887 | 14160 (15835 | 1.80 | 2.01 | 7887 [14160|15835| 1.80 | 2.01

2200 8319 | 13819 | 15636 | 1.66 | 1.88 | 8126 |13912|15438| 1.71 | 1.90

2200 8874 | 14368 | 16273 | 1.62 | 1.83 | 8710 [14437|16051| 1.66 | 1.84

2200 7659 | 13517 | 15325 | 1.76 | 2.00 | 8014 |14693|16155| 1.83 | 2.02

2200 7823 | 15207 | 17114 | 1.94 | 2.19 | 7608 [15055|16757| 1.98 | 2.20

Mean 1.76 | 1.98 1.80 | 1.99

SD 0.127 | 0.138 0.124 | 0.138
% Remaining' 102.20|100.60
Average short term stability (%) 101.93] 99.24

! (mean value of concentration after waiting in the auto-sampler for injection onto the analytical
column) x100/(mean value of concentration before auto-sampler injection onto the analytical column)

? (% remaining of low concentration + % remaining of high concentration)/2
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3.3 Pharmacokinetics of daidzein and genistein

The individual as well as mean plasma daidzein and genistein concentration-time
profiles from 12 subjects after "single ISO", "single ISO + Dj-calcium", or
"continuous D3-calcium/single ISO" are presented in Tables 10A, 11A, 12A and 10B,
11B, 12B, respectively. The plasma concentration-time curves of daidzein and
genistein in three phases from each subject are shown in Figure 9.

Composites of individual plasma daidzein and genistein concentration-time
curves from 12 subjects after "single ISO", "single ISO + D3-calcium", or "continuous
Ds-calcium/single ISO" are respectively depicted in Figures 10A, 11A, and 12A and
10B, 11B, and 12B, respectively.

The plasma concentration-time profiles of daidzein and genistein after taking
various dosage regimens of soy extract showed wide intra-individual and inter-
individual variation. However, the mean plasma concentration-time profiles of
daidzein and genistein exhibited much less difference among different soy extract
dosage regimens. The plasma concentration-time profiles of daidzein and genistein
were typically biphasic in every individual regardless of soy extract regimens taken.
The first and second peak concentrations of daidzein and genistein were generally
attained at 2-4 h and 6-8 h. The second peak concentrations of both isoflavones were
usually higher than the first peak concentrations.

The pharmacokinetic parameters of daidzein and genistein (Cpax, AUCq.32,
AUC ., Tmax, t12) after treatment with "single ISO", "single ISO + Ds-calcium", or
"continuous Dj3-calcium/single ISO" were determined and are shown in Tables 13A

and 13B.
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The phase A study was to obtain the pharmacokinetic parameters of the
aglycones (daidzein and genistein) following "single ISO". The results demonstrated
that mean elimination t;, of daidzein and genistein were 6.80 = 2.98 h and 8.31 +
4.90 h, respectively. The mean AUC.3; was 3474.05 = 931.53 ng.h/mL for daidzein
and 5804.19 + 2643.87 ng.h/mL for genistein, whereas, AUCy., was 4905.23 =+
1150.99 ngh/mL for daidzein and 6787.62 + 2793.66 ng.h/mL for genistein,
respectively. Pharmacokinetic analysis of the plasma concentration time curves
showed the mean T was 5.50 = 2.11 h for daidzein and 4.58 + 2.11 h for genistein.
In addition, Cyx was 506.09 £ 299.62 ng.h/mL for daidzein and 593.33 + 303.31
ng.h/mL for genistein, respectively.

The phase B study was "single ISO + Ds-calcium". Pharmacokinetic analysis of
the plasma concentration time curves showed the mean elimination t;, of daidzein
and genistein were 6.34 £ 5.29 h and 7.44 + 2.27 h, respectively. The mean AUCy.3,
was 2968.71 £ 627.60 ng.h/mL for daidzein and 6574.74 + 2625.30 ng.h/mL for
genistein, whereas, AUC(., was 4938.40 = 1611.00 ng.h/mL for daidzein and
7434.65 + 2748.42 ng.h/mL for genistein, respectively. The mean T,.x was 8.00 +
1.79 h for daidzein and 7.64 + 2.19 h for genistein. In addition, the mean C,,,x was
396.32 + 115.37 ng/mL for daidzein and 578.99 + 240.98 ng/mL for genistein,
respectively.

The phase C study was "continuous Dj-calcium/single ISO". Pharmacokinetic
analysis of the plasma concentration time curves showed the mean elimination t;,; of
daidzein and genistein were 6.26 + 3.73 h and 8.86 + 4.09 h, respectively. The mean
AUCy.3, was 4620.55 + 2148.09 ng.h/mL for daidzein and 7758.56 + 5068.69

ng.h/mL for genistein, whereas, AUC (., was 5961.22 + 2546.45 ng.h/mL for daidzein
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and 9091.58 + 5394.67 ng.h/mL for genistein, respectively. The mean T.x was 6.08
+ 2.50 h for daidzein and 6.08 + 2.78 h for genistein. In addition, the mean C,,x was
488.05 £ 165.90 ng/mL for daidzein and 688.56 + 285.42 ng/mL for genistein,
respectively.

Of all pharmacokinetic parameters, only Tp.x of daidzein and genistein after
"single ISO + Dsj-calcium” and "continuous Ds-calcium/single ISO" were
significantly longer than "single ISO", of which the T of both daidzein and
genistein derived from "single ISO + Dsj-calcium" was the longest.  Other
pharmacokinetic parameters (Cpax, AUCo.32, AUCo, and tj, of daidzein and

genistein after 3 different dosage regimens were not different significantly.
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Figure 9 Plasma concentration-time curves of isoflavones after "single ISO", "single

ISO + Dj3-calcium", or "continuous Ds-calcium/single ISO" in each subject
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Figure 9 (Continued)



73

Subject 8

1400
1200 4 —— Single ISO
—
g —&— Single ISO + Ds-calcium
% 1000 H ) ) )
7 —&— Continuous Ds-calcium/single ISO
=]
"é 800 ~
F
g 600
o
N=
X
=]
<
=)

28 32
Time

1400 -

1200 - .
.’_g —a— Single ISO
& 1000 - —— Single ISO + Dj-calcium
8 —4— Continuous D;-calcium/single ISO
= 800 4
=
§ 600 -
.5
8]
(2}
5
@)

Time
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Figure 9 (Continued)
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Figure 10A Composite of plasma daidzein concentration-time curves after "single

ISO" in individual subject complted the study without protocol diviation (n=11)
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Figure 10B Composite of plasma genistein concentration-time curves after "single

ISO" in individual subject complted the study without protocol diviation (n=11)
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Figure 11A Composite of plasma daidzein concentration-time curves after "single

ISO + Ds-calcium" in individual subject complted the study without protocol

diviation (n=11)
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Figure 11B Composite of plasma genistein concentration-time curves after "single

ISO + Dsj-calcium" in individual subject complted the study without protocol

diviation (n=11)
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Figure 13A Mean plasma daidzein concentration-time curves from 11 subjects
receiving "single ISO", "single ISO + Ds-calcium", and "continuous Dj3-

calcium/single ISO"
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Figure 13B Mean plasma genistein concentration-time curves from 11 subjects
receiving "single ISO", "single ISO + Ds-calcium", and "continuous Djs-

calcium/single ISO"
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