Simulating the Disposition of Triamcinolone Acetonide following Oral and Pulmonary Administration
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Absorption, distribution and clearance of triamcinolone
acetonide (TA) from oral and pulmonary administrations have
been simulated using GastroPlus™:'. Simulation of orally
administered doses and swallowed portions of inhaled doses were
simulated using the Advanced Compartmental Absorption and Transit
(ACAT™) model within GastroPlus. The pulmonary delivery and
pharmacokinetics model within GastroPlus (shown in Figure 1) has
been used in earlier studies®®. The model accounts for:

» mucociliary transit

« dissolution/ precipitation

« absorption into pulmonary cells

* nonspecific binding in mucus/ surfactant layers and cells
* (linear) metabolism

« transfer into the systemic circulation

* partial swallowing of the inhaled dose

Biopharmaceutical properties for TA (MW = 434.5) were
generated using ADMET Predictor™ v5.02 or obtained from the
literature®'5. Human lung physiological parameters (surface area,
thickness, and volume for the mucus and cell) for each compartment
were obtained from the literature'®'8, Observed plasma
concentration-time (Cp-time) profiles from a 2 mg intravenous (IV)
bolus dose in humans (mean age = 29 years, mean weight = 81 kg)
were used to fit a two-compartment PK model (using the PKPlus™
module of GastroPlus). The lumped systemic clearance was
subsequently replaced by a Michaelis-Menten CYP3A4 clearance
model for TA both in the liver and the Gl tract. The K, was artificially
set to a high value to represent nonsaturable conditions and the V.,
was fitted to the IV data. This PK model was used to describe
systemic PK for all subsequent simulations. All oral and pulmonary
simulations used the default human fasted state ACAT. Gut
metabolism was described using the liver K, and V,,,, values, with
Vhax Scaled in proportion to the ratio of the amount of CYP3A4 in gut
and liver. Intestinal permeability was adjusted to match the oral Cp-
time slope prior to C.,,. For pulmonary simulations, human lung
physiological compartment parameters were obtained from the
literature. Although particle size distribution was not reported, it was
obtained from an independent source for the same device'?, and was
used to calculate the fraction of the dose deposited in each lung
compartment and fraction exhaled according to the built-in ICRP 66
model. A single value for the systemic absorption rate coefficient and
linear metabolic clearance (representing possible metabolism,
degradation, phagocytosis etc.) in all lung compartments was the
only parameter fitted to match the pulmonary data.

Figure 2 shows the fitted Cp-time profile (along with parameter values for 2
compartment PK and CYP3A4) and observed?° values for TA administered
as an |V bolus to healthy volunteers. Figure 3 gives a comparison of the
observed?® and simulated Cp-time profiles for the 5 mg oral dose. The
value of intestinal permeability was 1.0 x 10-4 cm/s. For the oral
administration, the percents of administered dose that was absorbed,
(Fa%), reached the portal vein (FDp%) and was bioavailable (F%) were
99.5, 424 and 22.2, respectively. Figure 4 gives a comparison of
observed?® and simulated Cp-time profiles for the 2 mg inhaled dose. In
this case, the systemic absorption rate coefficient in lung compartment
was the only parameter that was fitted. The same value was used in all
pulmonary compartments. For the inhaled dose, lung Fa% (percent
absorbed from the lung), gut Fa% (percent absorbed from the gut) and
FDp% was 41.9, 24.0 and 9.8 respectively. Correspondingly, lung F%
(contribution from the lung) and gut F% (contribution from the gut) was
14.0 and 5.1, respectively, with a total bioavailability of 19.1%. Even
though the total Fa% is ~34% lower after inhaled administration, the
overall bioavailability is comparable to the oral dose due to significant gut
and liver first pass extraction of the dose absorbed from the gut.
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Fig 2. Simulated (line) and observed (points)
Cp-time profile for an i.v. bolus dose of 2 mg
TA. Image is shown in logarithmic scale.

Fig 1. Nasal-Pulmonary Drug Delivery
editor within the GastroPlus Additional
Dosage Routes Module (ADRM)
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Fig 4. Simulated (line) and observed (points)
Cp-time profile for an inhaled administration
of 2 mg TA. Image is shown in linear scale.

Fig 3. Simulated (line) and observed (points)
Cp-time profile for an oral solution dose of 5
mg TA. Image is shown in linear scale.

GastroPlus successfully simulated the IV and oral administration of
TA.

The physiologically based nasal-pulmonary absorption and PK
model for TA provides reasonable agreement between observed
and simulated plasma concentration-time data, with fitting of only
one pulmonary parameter — the systemic absorption rate constant
(uniform value used across all compartments)

Information such as particle size and its distribution was not
reported for the administered formulation, which may, in turn, affect
the regional distribution of the inhaled dose into different
pulmonary compartments. Routine measurement and reporting of
this information would help to avoid incorporating unknown factors
in the mechanistic understanding of inhaled administrations.

: RENCES |

. hitp:/www.si ions-plu roducts.aspx?grplD=3&cID=16&pID=11

. http://www.simulations-plus.com/Products.aspx?grplD=18&cID=11&pID=13

S Ml\ler N., Ray Chaudhuri, S., Lukacova, V., Damien-lordache, V., Bayliss, M.K., and Woltosz, W.S. (2010),

of a Physi y Based Pt inetic (PBPK) Model for Predicting Deposition and Disposition
followlng Inhaled and Intranasal Administration,” Proceedings of the RDD 2010, 2, pp. 579-584.
4. Lukacova V., Ray Chaudhurl S., Miller, N., Damien-lordache, V., Bolger, M.B., and Woltosz, W.S. (2010),
1 of inetics after pulmonary administration,” July 10-14, 37th Annual Meeting of the
Controlled Release Society, Portland, OR, 2010.

5. Lukacova, V., Ray Chaudhuri, S., Woltosz, W. S., Bolger, M. B. (2010), “Physiologically-based pharmacokinetic
(PBPK) model for prediction of tobramycin pulmonary absorption and pharmacokinetics in children”, The Rosenon
meeting on Optimizing Drug Delivery to the Target, Sept 9-11, Stockholm, Sweden.

. Ray Chaudhuri, S., Lukacova, V., Bolger, M. B., Woltosz, W. S. (2010), “Modeling Regional Lung Deposition and
Disposition (ADME-PK) Behavior of Aerosolized Fentanyl following Inhaled Administration in Humans”, 29th Annual
Conference of the American Association for Aerosol Research, Oct 25-29, Portland, OR, USA.

. Ray Chaudhuri, S., Lukacova, V., Woltosz, W. S. (2010), “Application of a Respiratory PBPK Model for Predicting
Deposition and Disposition following Inhaled Administration of Morphine”, Pharmaceutical World Congress/ AAPS
Annual Meeting and Exposition, Nov 14-18, New Orleans, LA, USA.

. Ray Chaudhuri, S., Lukacova, V., Woltosz, W. S. (2010), “Application of a Respiratory PBPK Model for Predicting
Deposition and Disposition following Inhaled Administration of Fluticasone Propionate”, Drug Delivery to the Lungs
21, Dec 8-10, Edinburgh, UK.

9. http://www.sil ions-plus.com/Pre aspx?grplD=18&clD=118pID=13 (visited January 5, 2011).

10. Davies, N. M., Feddah, M. R. (2003). “A novel method for assessing dissolution of aerosol inhaler products”, Int. J.

Pharm., 255, pp 175-187.
11. Wiedmann, T. S., Bhatia, R., Wattenberg, L. W. (2000), “Drug solubilization in lung surfactant”, J. Control. Rel, 65,
pp 43-47.
12. http://w .com/Cl cl
13. Gounda\kar A., Mezei, M. (1984), “Chemical
encapsulation”, J. Pharm. Sci., 73(6), pp 834-835.
14. Argenti, D., Jensen, B., K., Hensel, R., Bordeaux, K., Schleimer, R., Bickel, C., Heald, D. (2000) “A Mass Balance
Study to Evaluate the Biotransformation and Excretion of [14C]-Triamcinolone Acetonide following Oral

[RYNIN

o

<

o

info.asp?catalog_r no-47598 (vwsnted January 5, 2011).
ification of tri e to improve i

Administration”, J. Clin. Pharmacol, 40, pp 770-780.

. Lukacova, V., Parrott, N.J., Lavé, T., Fraczkiewicz, G., Bolger, M.B., and Woltosz, W.S. (2008), “Role of fraction
unbound in plasma in calculations of tissue:plasma partition coefficients” 2008 AAPS Annual Meeting and
Exposition, Atlanta, Georgia.

16. Smith, H. (ed.) (1995), ICRP Publication 66: Human respiratory tract model for radiological protection, Elsevier

Health Sciences.
17. Parent, R.A. (1992), “Comparative Biology of the Normal Lung,” Informa Healthcare, New York, NY, pp. 9 & 673.
18. Patton, J.S. (1996), “Mechanisms of macromolecule absorption by the lungs,” Adv. Drug. Deliv. Rev., 19, pp. 3-36.
19. lula, A. K., Flynn, C. L., Deluccia, F. (1997), “Comparative Study of the in vitro Dose Delivery and Particle Size
Distribution Characteristics of an Azmacort Metered-Dose Inhaler in Combination with Four Different Spacer
Devices”, Curr. Therap. Res., 58(8), pp 544-554.

20.Derndorf, H., Hochhaus, G., Rohatgi, S., Méllmann, H., Barth, J., Sourgens, H., Erdmann, M. (1995),
Pharmacoklnellcs of Triamcinolone Acetonide After Inlravenous Oral and Inhaled Admmlstra(lon Adv. Drug Deliv.

Rev., 35, pp 302-305. /

o

simulationsplus,inc.



	Slide Number 1

