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Physiologically Based Pharmacokinetic Modeling of
Fluorescently Labeled Block Copolymer Nanoparticles
for Controlled Drug Delivery in Leukemia Therapy

MJ Gilkey1, V Krishnan2,3, L Scheetz4, X Jia2,4,5, AK Rajasekaran2,5,6 and PS Dhurjati1*

A physiologically based pharmacokinetic (PBPK) model was developed that describes the concentration and biodistribution of
fluorescently labeled nanoparticles in mice used for the controlled delivery of dexamethasone in acute lymphoblastic leukemia
(ALL) therapy. The simulated data showed initial spikes in nanoparticle concentration in the liver, spleen, and kidneys, whereas
concentration in plasma decreased rapidly. These simulation results were consistent with previously published in vivo data. At
shorter time scales, the simulated data predicted decrease of nanoparticles from plasma with concomitant increase in the liver,
spleen, and kidneys before decaying at longer timepoints. Interestingly, the simulated data predicted an unaccounted
accumulation of about 50% of the injected dose of nanoparticles. Incorporation of an additional compartment into the model
justified the presence of unaccounted nanoparticles in this compartment. Our results suggest that the proposed PBPK model
can be an excellent tool for prediction of optimal dose of nanoparticle-encapsulated drugs for cancer treatment.
CPT Pharmacometrics Syst. Pharmacol. (2015) 4, e13; doi:10.1002/psp4.13; published online on 12 March 2015.

Physiologically based pharmacokinetic (PBPK) models provide
a means by which one can predict the biodistribution of a drug
in the body over time.1–3 In vivo animal studies are used to
develop an initial PBPK model and make the correct assump-
tions about important organs and the connectivity of the sys-
tem.4 Critical assumptions include (a) selection of organs to
incorporate in the model, (b) the connectivity among these
organs via blood flow, (c) the partitioning of the drug between
the tissue and vascular compartments, and (d) other physio-
logical parameters.1–4 The initial PBPK mouse model can later
be adapted to describe the drug distribution in humans.4,5 Sim-
ulations with PBPK models provide insight on appropriate dos-
age regimens to be used.6,7 Since the Bischoff model, many
drugs have been physiologically modeled with success.1,4,8–10

Nanoparticle-mediated drug delivery introduces additional
complexities in drug biodistribution. The distribution of the
drug may depend on the encapsulating material and size of
the nanoparticles.11 Therefore, it is important to monitor the
biodistribution of nanoparticles to better understand the bio-
distribution of the encapsulated drug.12–16 PBPK modeling
could potentially be a promising approach to predict biodis-
tribution trends in humans before clinical trials because ini-
tial predictions are made based on the actual distribution of
nanoparticles in preclinical mouse models.5 However, such
modeling systems for specific nanoparticle-based drug
delivery are not well developed.

Studies pertaining to dexamethasone-encapsulated nano-
particles (Dex-NPs) generated for drug delivery in acute lym-
phoblastic leukemia (ALL) therapy were used for modeling.17

ALL is a cancer of the blood and has been known to affect
primarily children and adolescents. Dex belongs to the gluco-
corticoid class of steroid hormones and is widely used in
combination with other chemotherapeutic agents to treat

ALL.18 The drug, however, induces cytotoxicity in normal
lymphocytes and triggers deleterious side effects because of
prolonged systemic exposure.19 Some of the most commonly
observed treatment-related side effects of Dex include
edema, increase in body weight, damage to joints resulting
in pain, and restricted motion that may involve the hip and
knee (osteoporosis), high blood sugar (Cushing syndrome),
high blood pressure (hypertension), and, most important, the
drug weakens the body’s immune system because of indis-
criminate killing of normal B and T lymphocytes, thereby
causing immunosuppression in children.20

In this study, we utilized fluorescently labeled nanopar-
ticles as a surrogate for Dex-NPs and extended the PBPK
modeling approach to predict relative concentrations of
nanoparticles in various organs. This system has been vigo-
rously validated previously and was shown to improve sur-
vival and reduce disease symptoms in mice with leukemia.17

The modeling of nanoparticle biodistribution is based on
physiological phenomena interrelating flow rates, distribution
ratios, rate constants, and elimination rates in mice or other
animal models. Using data gathered from nanoparticle accu-
mulation in mice, key physiological parameters were deter-
mined to construct a PBPK model for these nanoparticles.

RESULTS

A model was developed that accurately depicts the biodis-
tribution of the nanoparticle in the body as a function of
time at shorter (up to 2 days; Figures 1 and 2) and
extended time intervals (up to 14 days; Figure 3). Simula-
tions were created using the experimental data obtained by
intravenous injection of 5 mcg/mL of 1,10-Dioctadecyl-
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3,3,30,30-Tetramethylindotricarbocyanine Iodide dye-encap-
sulated nanoparticles (DiR-NPs), as described previously.17

In Figure 1, the experimental data provided suggests that
there exists a lag between initial injection and uptake in the
plasma (t �0–4 hours). The model, however, treats the
injection as a step input, whereas at t 5 0 all of the injected
nanoparticles are contained in the plasma (5 mcg/mL) and
undergo an exponential decay as expected. Although dis-
crepancy exists at t 5 0, the predicted plasma concentra-
tion accurately demonstrates the time scale of clearance of
nanoparticles from the blood into other organs. After about
an hour, there is good agreement in that roughly 40% of
the injected dose of DiR-NPs has cleared from the plasma,
and after 6 hours, nearly all DiR-NPs have left the plasma,
as revealed by both the experimental data and the model.

Figure 2 shows the short time distribution (up to 48 hours)
of DiR-NPs in the organs, such as liver, spleen, and kidneys.
The experimental data from imaging of harvested tissues
revealed nanoparticle accumulation in the liver (1.10–1.58
mcg/mL), spleen (0.22–0.3 mcg/mL), and kidneys (0.28–
0.52 mcg/mL). Fluorescence was not detected in any other
organs.17 The model predicts accumulation of DiR-NPs in
the liver, spleen, and kidneys increases shortly after intrave-
nous injection until a maximum is reached (peak plasma con-
centration [Cmax],L �1.7 mcg/mL, Cmax,S �0.5 mcg/mL, and
Cmax,K �1.7 mcg/mL) and clearance of nanoparticles begins
(tmax,L �2.6 hours, tmax,S �0.5 hours, tmax,K �0.5 hours) sub-
sequently. The range of experimental values was close to the
predicted values at this time scale (Supplementary Table
S1). In the liver, at t 5 2 hours, there exists a deviation of
about 0.6 mcg/mL DiR-NPs between the simulated and
actual data obtained in mice; however, this difference is still
maintained within the experimental error.

Figure 3 shows the model at longer time scales (up to 14
days). The experimental data revealed clearance of nano-
particles in the liver (1.58–0.28 mcg/mL), spleen (0.30–0.12

Figure 1 Concentration profile of nanoparticles in the plasma vs.
time over all timepoints. The solid circles denote experimental
data, and the continuous curve represents the simulated data.
Note the good agreement between experimental data and pre-
dicted model at t <2 hours and t >6 hours.

Figure 2 Biodistribution data and physiologically based pharmacoki-
netic (PBPK) nanoparticle model on short time scale (up to 48 hours)
including the: (a) liver, (b) spleen, and (c) kidneys. The solid circles
denote experimental data, and the continuous curve represents the
simulated data. Note the close fit between experimental values and
predicted values. A small deviation (0.6 mcg/mL) of 1,10-Dioctadecyl-
3,3,30,30-Tetramethylindotricarbocyanine Iodide dye-encapsulated
nanoparticles (DiR-NPs) that exists between simulated and actual
data is within the experimental error.
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mcg/mL), and kidneys (0.52–0.09 mcg/mL).17 The predicted
values were strikingly similar to experimental values, and
the predicted curve aligned perfectly with the observed val-
ues at each timepoint (Supplementary Table S1).

Although 5 mcg/mL was injected, the experimental data
could account for only about 50% of the administered dose.
To explain the remaining 50% of nanoparticles injected, a
virtual compartment designated as “other” compartment
was incorporated into the model (Figure 4). The model pre-
diction of the concentration profile of the “other” compart-
ment reveals that the theoretical understanding of this
organ is consistent with its simulated features. Shortly after
the step input at t 5 0 hours, the concentration rises sud-
denly with the decrease of DiR-NPs in the plasma (Figure
5a compared with Figure 1). After reaching a maximum
(tmax,O �3 hours, Cmax,O �2.6 mcg/mL), the concentration
decays gradually as nanoparticles in the “other” compart-
ment and the liver, spleen, and kidneys begin to clear (Fig-
ure 5b). It is important to note that the characteristic time
scale of nanoparticle depletion in each organ is qualitatively
similar after Cmax is reached (t1/2 �100 hours). Thus, it can
be concluded that the discrepancy in the mass balance
was accounted for by the introduction of this additional
compartment. Although the compartment cannot be identi-
fied precisely except through speculation, its properties can
be physically and theoretically justified (see Discussion).

We analyzed measurement variability by a sensitivity
analysis technique by perturbing each estimated parameter
by 20%, which showed that the equilibrium constant in the
“other” organ, RO (Figure 6a), the kidney clearance, KK

(Figure 6b), and the equilibrium constant between the kid-
neys and the “other” organ, RKO (Figure 6c), were very
sensitive to small perturbations in the estimated value. In
particular, perturbations can cause mathematical diver-
gence in the response curves. For example, by increasing
RO by 20% to 12.06 and keeping all other parameters

Figure 3 Biodistribution data and physiologically based pharma-
cokinetic (PBPK) nanoparticle model on long time scale (up to
14 days) including the: (a) liver, (b) spleen, and (c) kidneys. The
solid circles denote experimental data, and the continuous curve
represents the simulated data. Note the perfect fit between
experimental and simulated values.

Figure 4 Flow diagram of the compartmentalized model. Note
inclusion of a virtual organ referred to as the “other” compart-
ment, and denoted “o” incorporated into the model.
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constant, the concentration in the liver diverges after about
20 hours; however, decreasing RO has no significant impact
on the uptake in the organs of interest (Figure 6). Similar
observations were noted by perturbing KK and RKO. Mathe-
matically, this implies that these parameters must be
uniquely defined to maintain stability in the response.

DISCUSSION

The largest differences between the predicted value and the
experimental data occur in the plasma from t 5 0–2 hours.
The particles were injected via the tail vein and blood was
drawn from the submandibular region starting at 0.08 hours
(5 minutes). It is important to take into consideration the dif-
fusive transport rate of nanoparticles from the site of injec-
tion to the whole body. At 0.08 hours, the levels of
nanoparticles detected in the blood were low because the
particles were only partially distributed throughout the body.
Therefore, at 0.08 hours, the experimental data is less sig-
nificant because the model does not account for partial dis-
tribution or time-dependent adsorption of nanoparticles.
Further, the experimental data indicates that at 0.25 hours,
the diffusible nanoparticles are distributed throughout the
whole body. Nevertheless, the predicted value is a fold
higher than the experimental value at earlier time points (t 5

0–2 hours). This may be due to the aggregation of nanopar-
ticles in the blood, their adsorption to the endothelial walls,
and subsequent release resulting in differences between the
experimental and predicted levels of nanoparticles in the
blood. The model takes into account the entire injected dose
from the syringe and does not account for the aggregated,
adsorbed, or released nanoparticles. Nonetheless, the
model effectively predicts the length of time nanoparticles
remain in the body in each organ, which is of greater impor-
tance in designing dosage regimes.

With regard to the existence of the “other” compartment, a
possible explanation pertains to the adsorption of DiR-NPs
to the endothelial walls of blood vessels. This is the tissue
that comes into contact with the nanoparticles immediately
after intravenous administration. It is documented that over
50% higher particle binding to the vessel wall was observed

when the motion and adhesion of individual nanoparticles
are tracked through Brownian adhesion dynamics.21 If adhe-
sion of nanoparticles to the endothelial walls does adsorb
nanoparticles shortly after the injection, the accumulation in
the other organ should reflect the numbers observed in Tan
et al.21 The simulations in Figures 1–3 were conducted with
an injection of 5 mcg/mL. The maximum value in the “other”
organ shows a value of �2.5 mcg/mL in Figure 3, which is
approximately 50% of the injection. Therefore, the mathe-
matical prediction made by the model agrees very closely
with the biological data, thereby substantiating the physical
meaning of the model. Another potential “other” compart-
ment is the lymphatic system. Plasma components readily
move across blood vessels into lymphatic tissue, causing
some exchange between the lymph and plasma. In this case,
accumulation and binding of nanoparticles to lymphatic tis-
sue is plausible to explain for unaccounted accumulation
resulting in discrepancy between the model and the actual
data. Because lymphatic tissue is found virtually all through-
out the body, its anatomic locations proximal to the spleen,
liver, and kidneys make the lymphatic system a reasonable
one to which to attribute the “other” compartment.21,22

Exchange between the established PBPK compartments
and the new compartment for the blood vessel wall, and
possibly the lymph, may justify the DiR-NPs accumulation
previously unrecognized. The rapid drop in nanoparticle
concentration after injection and the steadily low nanopar-
ticle concentration in the plasma and its accumulation in
the other organs are likely resultant of these phenomena.
Although this justification for the nanoparticle accumulation
discrepancy is physiologically sensible, all of the discrep-
ancy cannot be attributed only to the above tissues.

To create better agreement between the model and
experiments, the volumetric flow rate of plasma through the
liver (QL) was estimated. Although this parameter is typi-
cally treated as a physiologically predetermined parameter,
we hypothesize its estimation is justified because of incor-
porating so few physiological compartments into the model.
Because of this, the plasma flow rate through the liver took
up a larger percent of the total plasma flow rate repre-
sented in the model. From a mathematical perspective, this
creates large overshoots in initial concentration of

Figure 5 Biodistribution data and physiologically based pharmacokinetic (PBPK) nanoparticle model on short and long time scale for
the “other” compartment or “o.” Note the sudden increase in the 1,10-Dioctadecyl-3,3,30,30-Tetramethylindotricarbocyanine Iodide dye-
encapsulated nanoparticle (DiR-NP) concentration at the shorter time scale (a) and exponential decay at the longer time scale (b).
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nanoparticles in the liver beyond the experimental uncer-
tainty, which does not describe the experimental data.

The sensitivity analysis revealed that biologically signifi-
cant parameters must be uniquely defined to avoid incorrect
model predictions or mathematical instability. Each sensitive
parameter (RO, KK, and RKO) included some interaction with
the kidneys. If everything else is constant, this indicates that
nanoparticle accumulation in the kidneys and its subsequent
clearance plays an important role in the model.

Fluorescent dye and Dex-NPs are made up of the same
material (i.e., amphiphilic block copolymers consisting of
hydrophilic polyethylene glycol and hydrophobic polyester
bearing pendant cyclic ketals) and possess identical physico-
chemical properties.17 The difference is in the payload: Dex-
NPs contain Dex, and fluorescent DiR-NPs contain DiR. Fur-
ther, the dose injected for DiR-NPs is comparable to the 5
mcg/mL dose of Dex-NPs administered.17 Therefore, the
focus is upon the distribution of the carrier nanoparticles and
not the payload. This suggests that the biodistribution of DiR-
NPs used in our modeling should mimic a similar pharmaco-
kinetic behavior for Dex-NPs used in our preclinical study.17

Nanoparticles typically accumulate rapidly in the liver and
spleen.20 This may be an advantage in the treatment of
ALL. The liver and spleen are sites for leukemia blast accu-
mulation and proliferation. This results in enlargement and
inflammation of these organs, causing hepatosplenomegaly,
a symptom in pediatric ALL.23 As predicted by the model
and in agreement with the previous biodistribution data, it
takes more than 2 weeks for DiR-NPs to be cleared from
the tissues. This suggests that Dex-NPs are available for
extended periods as a controlled release system supplying
the drug needed to curb leukemia progression. This might
have resulted in significantly reduced disease symptoms
and improved survival of ALL-bearing mice reported earlier.
It is known that the size of nanoparticles plays a significant
role in its half-life in the plasma.20 In contrast to nanopar-
ticles larger than 100 nm, small-sized nanoparticles circu-
late longer on account of not being cleared by the
macrophage phagocytic system. It may be interesting to
include biodistribution data obtained from differentially sized
nanoparticles in our modeling approach to predict both
short- and long-term behavior of particles in biological sys-
tems. Subsequently, modeling for Dex-NPs and possibly
other drug-encapsulated nanoparticles can be useful in
developing an optimal regimen for children with ALL.

METHODS AND THEORETICAL BACKGROUND
In vivo plasma pharmacokinetics and organ
biodistribution studies
In vivo studies and pharmacokinetics were performed as
described previously.17 Briefly, for evaluating plasma pharma-
cokinetics, 100 ll of DiR dye-encapsulated nanoparticles (5
mcg/mL) resuspended in phosphate-buffered saline was
injected intravenously into female BALB/c mice (4–6 weeks of
age; 3 per group). Peripheral blood was then collected from
mice by submandibular bleeding in tubes containing 20 ll of
sodium citrate to prevent blood from clogging at the indicated
timepoints. Plasma was isolated by centrifugation and DiR flu-
orescence levels were measured using a multilabel microplate

Figure 6 Sensitivity analysis showing the effect of perturbing RO

by 620%. The solid circles denote experimental data and the
continuous lines represent the simulated data. The broken and
the partially broken lines denote change in 1,10-Dioctadecyl-
3,3,30,30-Tetramethylindotricarbocyanine Iodide dye-encapsulated
nanoparticle (DiR-NP) concentration by perturbations of each
parameter by 620%, respectively. The plots a, b, and c show
the sensitivity of the DiR-NP concentration in the liver to pertur-
bation for three different parameters. Each parameter was per-
turbed by 620% and their effect on the liver concentration is
shown. Note that the sensitivity of the concentration in the liver
causes instability beyond experimentally determined error for
each parameter.
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reader (Plate Chameleon V, Hidex, Finland). The values
obtained were then compared with standards prepared in
plasma to obtain the appropriate nanoparticle levels.

To study organ biodistribution and clearance of DiR-NPs,
female BALB/c mice (4–6 weeks of age; 3 per group) were
intravenously administered with a single dose of 100 ll of DiR-
NPs (5 mcg/mL). Organs, such as the liver, spleen, heart, lungs,
kidneys, intestine, gonads, bladder, and brain, were harvested
from mice euthanized at the indicated timepoints. The dissected
organs were then imaged using the Carestream Multi-spectral
in vivo Imaging System. Subsequently, DiR-NPs were extracted
from the organs in tissue lysis buffer (20 mM Tris-HCL, pH 7.5;
150 mM sodium chloride; 1 mM EDTA; 1 mM EGTA; 1 mM
b-glycerol phosphate; 1 mM sodium vanadate; 2.5 mM sodium
pyrophosphate; 1% [w/v] triton X-100; 1% [w/v] IGEPAL; 0.5%
[w/v] deooxycholate; 1% [w/v] sodium dodecyl sulfate) and 1%
protease inhibitor cocktail (100 mM phenylmethylsulfonyl fluo-
ride, 1:100; 15 mg/mL mixture of antipain, leupeptin, pepstatin,
1:1000; Sigma-Aldrich, St. Louis, MO) at 4�C for 1 hour. Finally,
the DiR-NP fluorescence levels in the tissue lysates were meas-
ured using Carestream’s image analysis software, and values
obtained were compared with standards prepared in tissue lysis
buffer. BALB/c mice injected with saline were included as exper-
imental controls, and organs harvested from this group were
used as background to establish the settings for DiR-NP fluo-
rescence analysis. In vivo experiments were performed in
accordance with protocols and guidelines approved by the Insti-
tutional Animal Care and Use Committee.

Initial data analysis and assumptions
Data were collected showing the concentration of nanoparticles
as a function of time in various organs in mice.17 Measurement
of nanoparticles was conducted by encapsulating a fluorescent
dye DiR from which quantitative data was collected in percent of
injected dose at various time increments in the body. It was
observed that fluorescent nanoparticles accumulated only in
four organs in mice: the plasma, the liver, the kidneys, and the
spleen.17 Because no fluorescence was detected elsewhere,
the mathematical model must initially assume that no nanopar-
ticle accumulation occurred elsewhere in the body.

The Bischoff model1,4 was used as a basis for construct-

ing the mathematical model to predict the PBPK of these

nanoparticles. Each of the selected organs was modeled

as a continuous-stirred tank reactor, and several predeter-

mined physiological constants were incorporated, such as

volumetric blood flow rates through the organ, volume of

the organ, etc. It is important to note that absorption of the

nanoparticles in the organ was modeled via equilibrium

constants. No kinetic absorption was considered, because

it is assumed that absorption is thermodynamically limited

rather than rate-limited as in Bischoff’s model.1

Using a simple mass balance, the general equation,
which describes the accumulation of nanoparticles in each
organ, is described in Eq. 1.

½rate of NP accumulation�5½rate of NP in�–½rate of NP out�

–½rate of NP clearance�

1½rate of NP absorption�

(1)

Using Eq. 1 to develop mass balances for each of the four
compartments, the following equations can be derived:

Plasma
dCP

dt
5

1
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CL

RL
QL1
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RS
QS1

CK

RK
QK
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–CPðQL1QS1QKÞ

� �

(2)

Liver
dCL

dt
5

1
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� �
–

CL
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� �
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Spleen
dCS

dt
5

1
VS

CPQS–
CS

RS
QS

� �
(4)

Kidneys
dCK

dt
5

1
VK

CPQK–
CK

RK
ðQK1KKÞ

� �
(5)

where Ci is the concentration in organ i, t is time, Ri is the dis-
tribution ratio in organ i, Qi is the volumetric flow rate of
plasma through organ i, Vi is the volume of organ i, and Ki is
the clearance rate from organ i. A complete list of variables
and their respective descriptions can be viewed in the Nomen-
clature section.

Development of an additional organ compartment
Simulations conducted via MATLAB produced a quantitative
analysis of the biodistribution of the nanoparticle in the previ-
ously discussed organs of a mouse as a function of time. Pre-
determined constants for each organ, such as blood flow rate,
blood flow distribution rates through each of the organs, and
organ volumes were used in the model. However, simulations
of the model shown in Eqs. 2–5 showed substantial deviation
from the experimental data. This can be explained by the
behavior of the experimental data, which shows a violation of
the conservation of the mass of drug in the body. At the time
of injection (t 5 0), theory predicts that 100% of the dose
appears in the blood as a step input; furthermore, assuming
only accumulation of nanoparticles in the noted four organs,
as time elapses, concentration of the nanoparticles in the

Table 1 Model parameters/constants

Volume Blood flow rate Clearance ratea Distribution ratioa Distribution from “other” organa

Organ [mL] [mL/min] [mL/min] [a.u.] [a.u.]

Plasma 1.70 – – – –

Liver 1.30 0.75a – 7.87 14.90

Kidneys 0.34 1.30 2.74 1.85 2.50

Spleen 0.10 0.09 – 1.17 8.43

Other 1.01a 0.78 – 10.13 –

a.u., arbitrary units.
aDenotes that the parameters were determined to fit the data.

Physiologically Based Pharmacokinetic Modeling
Gilkey et al.

6

CPT: Pharmacometrics & Systems Pharmacology



blood decays on the same order of magnitude that the con-
centration of nanoparticles in the other organs accumulates.
The clinical data supplied does not reflect this behavior.
Instead, the rate of decay of nanoparticles in the blood is
much faster than the rate of accumulation of the nanoparticles
in the liver, spleen, and kidneys. Thus, from a physical stand-
point, there must exist accumulation of the nanoparticles else-
where, which accounts for the delay in appearance of the drug
in the liver, spleen, and kidneys. Because no clinical data in
other organs was collected, a new organ was introduced in
the model that accounts for the loss of nanoparticles in the
body, denoted “o” for “other” shown in Figure 4.

This new organ, in theory, should see a sharp increase in
concentration after the injection of the drug, which occurs in
parallel with the drop in concentration in the plasma, and
should subsequently see a slow decrease over time as accu-
mulation in the liver, spleen, and kidneys occurs. Because data
shows that the plasma never sees any increase in nanopar-
ticles after the injection, the “other” organ must be somehow
connected to the liver, spleen, and kidneys such that the con-
centration of nanoparticles drops in the “other” organ while
simultaneously increasing in the liver, spleen, and kidneys. The
mass balances that were developed resemble the following:

Plasma
dCP

dt
5

1
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CL

RL
QL1

CS
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QS1

CK

RK
QK1

CO

RO
QO

� ��
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dt
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–
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dCK

dt
5
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–

CK
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Other
dCO

dt
5

1
VO

QO CP–
CO

RO

� �� �
(10)

Model parameters/constants
Constants in the model, such as the volume of organ and
blood flow rate through each organ, are predetermined,6,7

where only the volumetric flow rate through the liver (QL) was
re-estimated to acquire better agreement between the model
and the experiments. Because the accumulation of a signifi-
cant amount of nanoparticles initially injected were unac-
counted for, it is unlikely that predetermined distribution ratios
and clearance rates can accurately predict nanoparticle distri-
bution. Thus, new estimated values for these parameters
were determined to describe more adequately the system at
hand. Furthermore, the addition of a new organ into the model
introduces four new distribution ratios, RLO, RKO, RSO, and RO.
These parameters affiliated with the “other” organ had to be
estimated as well, given that no physiological data to describe
such an organ was available. A complete list of parameters
and constants used in the model are listed in Table 1.

SENSITIVITY ANALYSES

Sensitivity analyses were conducted by perturbing each
estimated parameter by a set value (620%) and observing
the system response while all other estimated parameters
remained constant. Estimated parameters were considered
sensitive when divergence in the simulation was observed
or when a perturbation shifted the model prediction beyond
the experimental error.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC?

� Dex, a steroid hormone, is widely used to treat pediatric leuke-
mia. However, prolonged exposure to high doses of Dex
causes debilitating side effects in children treated for leuke-
mia. A predictive physiologically based pharmacokinetic
model has not been applied until now to optimize dosage
limits for Dex in pediatric leukemia therapy.

WHAT QUESTION DID THIS STUDY ADDRESS?

� Is it possible to develop a valid systems biology
approach to predict the pharmacokinetics of drug-
encapsulated nanoparticles in mice and humans using
experimental data of biodistribution in mice using
labeled nanoparticles?

WHAT THIS STUDY ADDS TO OUR KNOWLEDGE

� The results depict consistency between model predictions
and experimental data at short and long time intervals,
indicating that our modeling approach can predict short-
and long-term pharmacokinetic behavior of nanodrugs
in biological systems.

HOW THIS MIGHT CHANGE CLINICAL
PHARMACOLOGY AND THERAPEUTICS?

� The proposed model with parameters derived from in
vivo data could therefore be potentially used as a tool
to predict safe and effective doses for Dex and other
anticancer drugs using nanoparticles in children.
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Nomenclature

Volumes Units Description

VP mL Volume of plasma

VL mL Volume of liver

VS mL Volume of spleen

VK mL Volume of kidneys

VO mL Volume of “other”

Flow rates Units Description

QL mL min21 Flow rate through liver

QS mL min21 Flow rate through spleen

QK mL min21 Flow rate through kidneys

QO mL min21 Flow rate through “other”

Concentrations Units Description

CP mcg mL21 Concentration in plasma

CL mcg mL21 Concentration in liver

CS mcg mL21 Concentration in spleen

CK mcg mL21 Concentration in kidneys

CO mcg mL21 Concentration in “other”

Distribution ratios Units Description

RL mcg/mcg Distribution ratio in liver

RS mcg/mcg Distribution ratio in spleen

RK mcg/mcg Distribution ratio in kidneys

RO mcg/mcg Distribution ratio of “other”

RLO mcg/mcg Distribution ratio of “other” to liver

RSO mcg/mcg Distribution ratio of “other” to spleen

RKO mcg/mcg Distribution ratio of “other” to kidneys

Clearance rates Units Description

KK mL min21 Clearance rate from kidneys
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