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Summary

The usage of enriched stable isotopes in nutritional sciences is increasing and includes measurements of kinetic
parameters for micronutrients and amino acids, determination of true absorption rates based on single-tracer and
double-tracer techniques, and quantification of endogenous losses. The suitable compartment model and required
precision in the isotope ratio measurements by mass spectrometry for human zinc metabolism are discussed. The
500 data sets of the simulated plasma zinc disappearance obtained from giving 2 % normal random noise to Miller et
al’s polyexponential model were analyzed by nonlinear regression. The three-compartment open mammillary model
was found appropriate for the 9-day observation period; the closed model was found appropriate for the 24-hour
observation. Approximately one percent overall precision in isotope ratio measurements is necessary and feasible in

kinetic analyses of zinc metabolism over 24-hour to 9-day observation period.
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E(t) = Hi exp(-git) + H2 exp(-gzt) + Hs exp(-gst) + Hs exp(-gat) © + + - (Eq. 1)
Hi = 09545, Hy = 0.03046, Hs = 0.01443, Hy = 0.000628
g1 = 1376 day ™, g2 = 3564 day ', g3 = 0.1106 day ', g4 = 000232 day '
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E(t) = Hi exp(-g1 t) + H2 exp(-g2 t) + H3 exp(-gz3t) =+« = + - (Eq. 3)



Fig. 1 Diagrammatic representation of the four-com-
k 41 k 14 partment mammillary model of human zinc
K ‘ K kinetics proposed by Miller et al?
< 31 21 Q1 indicates a size of the central Zn pool (com-
Q - Q 1 ~ Q partment 1). Q2. Qs and Qq indicate sizes of the
3 k < K 2 peripheral Zn pools (compartments 1, 2, and 3). ki;
13 ) 12 represents a fractional transfer rate into compart-
k01 ment i from compartment j. Open arrow shows
the route of Zn tracer administration.
Tracer
K1 Koy . . .
< > Fig. 2 Diagrammatic representation of the three-com-
Q 3 > Q 1 le Q 2 partment mammillary model of human zinc
k13 k 12 kinetics suitable for the observation period
k01 approximately less than ten days.
The explanation of symbols is same as Fig. 1.
Tracer
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Et) = Hi exp(-g1 t) + Hr exp(-ga t) + H3 =« « =« o v o e (Eq. 4)
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Table 1 Comparison of the set values reported by Miller et al.” and the parameters
reconstituted from the fitting of tri-exponential functions to the representative
disappearance curve of Zn tracer from plasma

H; H, H; 81 82 83
day? day! day!
Set value 0.955 0.0305 0.0144 137.6 3564 0.1106
9-d Open 0.954 0.0305 0.0150 137.6 3536 0.1027
24-h Open 0.954 0.0305 0.0150 137.6 3.536 0.1027
24-h Closed 0.953 0.0321 0.0133 1374 3.321 n.d.

“9-d Open”represents the tri-exponential function that corresponds to the open mammillary model
with three compartments adapted to the 9-day observation period after intravenous dose.

“24-h Open” represents the tri-exponential function that corresponds to the open mammillary
model with three compartments adapted to the 24-hour observation period after intravenous dose.
“24-h Closed” represents the truncated tri-exponential function that corresponds to the closed
mammillary model with three compartments adapted to the 24-hour observation period after
intravenous dose.

n.d.: not defined

Table 2 Various parameters obtained from the fitting of the tri-exponential function to
the simulated 500 data sets generated by adding 2 % normal random error to the
representative disappearance curve of Zn tracer from plasma over 9-day
observation period after intravenous dose

H] Hg H3 81 82 83

day™ day! day™!

Set value 0.955 0.0305 0.0144 137.6 3.564 0.1106

Mean 0.953 0.0306 0.015 1375 3.546 0.1029

Relative

value, % 99.9 100.3 103.6 99.9 99.5 93.0

SD 0.024 0.0008 0.0003 2.3 0.165 0.0034

CV, % 25 25 1.9 1.6 46 33

Relative value is the mean divided by the set value shown in percentage.

Table 3 The parameters obtained from the fitting of the open mammillary model to the
simulated 500 data sets generated by adding 2 % normal random error to the
representative disappearance curve of Zn tracer from plasma over 9-day
observation period after intravenous dose

Vammillary 3 ke ke ks ke ke Q@ @
day! day! day! day? day! day!  pumol  umol  umol
Set value 131 8.90 85.0 0.92 40 6.40 0.0370 0.353 1.61
Mean 131 8.89 85.1 0.908 40 6.21 0.0371 0.355 1.63
Relative
value, % 100.0 99.9 100.1 98.7 100.0 97.0 100.3 100.6 101.2
SD 2 0.24 18 0.036 1.7 0.19 0.0009 0.014 0.04
CV, % 1.7 27 2.1 4 4.2 3 24 39 22

Relative value is the mean divided by the set value shown in percentage.



Table 4 Various parameters obtained from the fitting of the tri-exponential function to
the simulated 500 data sets generated by adding 2 % normal random error to the
representative disappearance curve of Zn tracer from plasma over 24-hour
observation period after intravenous dose

H, H, H; g1 82 8s

day! day! day™!

Set value 0.955 0.0305 0.0144 137.6 3.564 0.1106

Mean 0.954 0.0311 0.0145 137.6 3.656 -0.039

Relative

value, % 99.9 102.0 100.6 100.0 102.6 -35.4

SD 0.025 0.0048 0.0054 24 0.926 0.5902

CV, % 2.6 154 373 18 25.3 1507

Relative value is the mean divided by the set value shown in percentage.

Table 5 Various parameters obtained from the fitting of the truncated tri-exponential
function to the simulated 500 data sets generated by adding 2 % normal random
error to the representative disappearance curve of Zn tracer from plasma over
24-hour observation period after intravenous dose

H; H, H; g1 82 83

day? day! day?!

Set value 0.955 0.0305 0.0144 1376 3.564 0.1106

Mean 0.953 0.0321 0.0132 1373 3.327 n.d.

Relative

value, % 99.8 1054 91.7 99.8 934 n.d.

SD 0.024 0.0007 0.0005 23 0.207 n.d.

CV, % 25 23 35 1.7 6.2 n.d.

Relative value is the mean divided by the set value shown in percentage.
n.d.: not defined

Table 6 The parameters obtained from the fitting of the closed mammillary model to the
simulated 500 data sets generated by adding 2 % normal random error to the
representative disappearance curve of Zn tracer from plasma over 24-hour
observation period after intravenous dose

Vammillary g ke ke ks ke ke Q0 @ @
day! day! day?! day? day! day!  umol  umol  umol
Set value 131 8.90 85.0 0.92 40 6.40 0.0370  0.353 1.61
Mean 131 877 86.6 0.691 44.6 n.d. 00371 0367 24
Relative
value, % 100.0 935 101.9 75.1 1115 n.d. 100.3 104.0 149.1
SD 20 0.27 1.9 0.048 2.1 n.d. 0.0009  0.017 0.09
CV, % 1.7 3.1 22 7.0 438 n.d. 25 4.7 3.7

Relative value is the mean divided by the set value shown in percentage.
n.d.: not defined
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