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                    Abstract
Previously, we developed a feedback model to describe the tolerance and oscillatory rebound of non-esterified fatty acid (NEFA) plasma concentrations in male Sprague Dawley rats after intravenous infusions of nicotinic acid (NiAc). This study challenges that model, using the following regimens of intravenous and oral NiAc dosing in male Sprague Dawley rats (n = 95) to create different patterns of exposure: (A) 30 min infusion at 0, 1, 5 or 20 μmol kg−1 body weight; (B) 300 min infusion at 0, 5, 10 or 51 μmol kg−1; (C) 30 min infusion at 5 μmol kg−1, followed by a stepwise decrease in rate every 10 min for 180 min; (D) 30 min infusion at 5 μmol kg−1, followed by a stepwise decrease in rate every 10 min for 180 min and another 30 min infusion at 5 μmol kg−1 from 210 to 240 min; (E) an oral dose of 0, 24.4, 81.2 or 812 μmol kg−1. Serial arterial blood samples were taken for measurement of plasma NiAc and NEFA concentrations. The gradual decrease in infusion rate in (C) and (D) were also designed to test the hypothesis that a gradual reduction in NiAc plasma concentration may be expected to reduce or prevent rebound. The absorption of NiAc was described by parallel linear and non-linear processes and the disposition of NiAc by a two-compartment model with endogenous turnover rate and two parallel capacity-limited elimination processes. NEFA (R) turnover, which was driven by the plasma concentration of NiAc via an inhibitory drug-mechanism function acting on NEFA formation, was described by a feedback model with a moderator distributed over a series of transit compartments, where the first compartment (M
                1) inhibited the formation of R and the last compartment (M
                
                  N
                ) stimulated the loss of R. All processes regulating the plasma NEFA concentration were assumed to be captured by the moderator function. Data were analyzed using non-linear mixed effects modeling (NONMEM). The potency IC
                50 of NiAc was 68 nmol L−1, the fractional turnover rate k
                
                  out
                 0.27 L mmol−1 min−1, and the turnover rate of moderator k
                
                  tol
                 0.023 min−1. The lower physiological limit of NEFA, which was modeled as a NiAc-independent release (k
                
                  cap
                ) of NEFA into plasma, was estimated to 0.023 mmol L−1 min−1. The parameter estimates derived in this study were consistent with our previous estimates, suggesting that the model may be used for prediction of the NEFA response time-course following different modes and routes administration of NiAc or NiAc analogues. In order to avoid NiAc-induced NEFA rebound, a slow decline in the NiAc exposure pattern is needed at or below IC
                50.
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Appendices
Appendices
Appendix 1: Response at baseline
At baseline, the feedback model (Eqs. 10 and 12) can be expressed as:
$$ \frac{dR}{dt}\; = \;k_{in} \cdot \frac{ 1}{{R_{0}^{p} }} + k_{cap} - k_{out} \cdot R_{0}^{2} \;{ = }\; 0 $$

                    (18)
                


Assuming that k
                    
                      cap
                     is small compared to the other terms, the expression can be approximated to:
$$ \frac{dR}{dt} \approx k_{in} \cdot \frac{ 1}{{R_{0}^{p} }} - k_{out} \cdot R_{0}^{2} \;{ = }\; 0 $$

                    (19)
                

and the baseline R
                    0 is then given by:
$$ R_{0} \approx \left( {\frac{{k_{in} }}{{k_{out} }}} \right)^{1/(2 + p)} $$

                    (20)
                


                  Appendix 2:Derivation of baseline and steady state conditions
The non-tolerant model is based on the assumption that the moderators M
                    
                      i
                     (i = 1,…,N) remain constant at baseline. The turnover of R is then given by:
$$ \frac{dR}{dt} = k_{in} \cdot \frac{ 1}{{R_{0}^{p} }}I(C_{p} ) + k_{cap} - k_{out} \cdot R \cdot R_{0} $$

                    (21)
                

where the drug mechanism function I(C
                    
                      p
                    ) is given by Eq. (9). The steady state response for the non-tolerant system R
                    
                      ss,nontol
                     will then be expressed as:
$$ R_{SS,nontol} = \frac{ 1}{{k_{out} \cdot R_{0} }}\left( {\frac{{k_{in} }}{{R_{0}^{p} }} \cdot I(C_{p} ) + k_{cap} } \right) $$

                    (22)
                

in which
$$ k_{in} = (k_{out} \cdot R_{0}^{2} - k_{cap} ) \cdot R_{0}^{p} $$

                    (23)
                

and R
                    0 is the baseline response.
For the model involving tolerance, formulated in Eqs. (10) and (12), the steady state values for the response R and the moderators M
                    
                      i
                     (i = 1,…,N) are given by:
$$ R = M_{1} = \cdots = M_{N} = R_{ss} $$

                    (24)
                

where R
                    
                      ss
                     is the unique solution of the equation:
$$ \frac{{k_{in} }}{{R_{ss}^{p} }} \cdot I(C_{p} ) + k_{cap} - k_{out} \cdot R_{ss}^{2} { = 0} $$

                    (25)
                

in which
$$ k_{in} = (k_{out} \cdot R_{0}^{2} - k_{cap} ) \cdot R_{0}^{p} $$

                    (26)
                

and R
                    0 is the baseline response. There is no explicit solution to Eq. (25) and the equation was therefore solved numerically when deriving Fig. 10.
Note that since I
                    
                      max
                     = 1, it follows from the definition of I(C
                    
                      p
                    ) (Eq. 9) that \( I(C_{p} )\, \to 0 \) as \( C_{p} \to \infty \). This implies that:
$$ \mathop { \lim }\limits_{{C_{p} \to \infty }} R_{ss} (C_{p} ) = \left( {\frac{{k_{cap} }}{{k_{out} }}} \right)^{1/2} \,{\text{tolerant}} $$

                    (27)
                


                    $$ \mathop { \lim }\limits_{{C_{p} \to \infty }} R_{ss} (C_{p} ) = \frac{{k_{cap} }}{{k_{out} \cdot R_{0} }}{\text{non}}\, - \,{\text{tolerant}} $$

                    (28)
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