Pharmacokinetic modeling for local distribution
in rat brain after intranasal administration

ﬂ%ﬁiﬁ%t Teruki Hamada', Syunsuke Yamamoto?, b FIDF)U(QDEEEE%FEESD

Shinji Iwasaki?, Noriyasu Sano',
Kimio Tohyama?, Yohei Kosugi?, Tomoko Igari’, and Nobuyuki Amano"

!Drug Disposition & Analysis, Research Division, Axcelead Drug Discovery Partners, Inc.
‘Drug Metabolism and Pharmacokinetics Research Laboratories, Research, Takeda Pharmaceutical Company Limited

Purpose Materials and Methods

We develop a novel pharmacokinetic brain model with diffusion clearance among Chemicals: Ranitidine hydrochloride
each part of brain in rats after intranasal administration of ranitidine as a model A ,imals: Male SD rats, 8 weeks old
compound, in order to evaluate local distribution of a compound in brain after
intranasal administration quantitatively.

Dosing regimen: Intravenous (i.v.) and intranasal (i.n.), 3 mg/kg
All animal protocols were approved by the Institutional Animal Care and Use Committee of Takeda
Pharmaceutical Company for all animal studies.

Intranasal Intravenous ke Bioanalysis: Concentrations in plasma, cerebrospinal fluid (CSF, collected from
cisterna magna), olfactory bulb, cerebral cortex and cerebellum by LC/MS/MS
. B k16 Modeling software: NONMEM VI (ADVANG6)
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cavity 1. Plasma 6. Peripheral Pharmacokinetic model: Sequential fitting from Model 1 to 4
k61 * Model 1: Plasma, olfactory bulb, cerebral cortex and cerebellum after i.v. were fitted.
* Model 2: Plasma, olfactory bulb, cerebral cortex and cerebellum after i.n. were fitted with the
K73 k13 k51 fixed values at Model 1.
k31 k12 k21k 14 * Model 3: Plasma, olfactory bulb, cerebral cortex and cerebellum after i.v. were re-fitted, on
v 4 condition that V1, kle, k21, k31, k41, k16, k61, CL23 and CL24 were fixed.
3 Olfact 2 Cerebral * Model 4: All the data including CSF after i.v. and i.n. were simultaneously fitted with the
' h ali:) oLy ' e:te L l—> 4. Cerebellum 5. CSF fixed values at Model 3.
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CL24 CL45 Posterior predictive check: 1000 replications of the simulation in consideration of
TCL25 T interindividual variability
ReSUItS Intravenous Intranasal Table I Estimated parameters of ranitidine in rats by modeling
-O-Plasma -O-Plasma Parameter Value SE CV (%) LLCI ULCI Model
Population mean
10000 4 -@-Olfactory bulb 10000 -@-Olfactory bulb V1 (mL/kg) 2580 260 10.1 2070 3090 1
= o ~@-Cerebral cortex = &p —®-Cerebral cortex kle (1/h) 1.96 0.15 7.6 .67 2.25 1
S %n 1000 S B 1000 k12 (1/1000/h) 1.18 0.23 19.7 0.72 .64 3
s = ~=Lerahellum g = =ReCerchellum k21 (1/h) 23.4 6.5 27.6 10.7 36.1 1
E5 100 -@-CSF E5 100 -®-CSF K13 (1/1000/h) 0333 0061 183 0214 0452 3
E i E 2 k31 (1/h) 8.76 1.77 20.2 5.29 12.20 1
QO O S k14 (1/1000/h) 2.40 0.19 7.9 2.03 2.77 3
= = 10 % = 0 10 k41 (1/h) 21.2 6.8 322 7.8 34.6 |
O = N O = ~—7 k51 (1/h) 126 44 35.1 39 213 4
~ 1 ~ 1 k16 (1/h) 0.660  0.243 368 018  1.140 1
k61 (1/h) 1.21 0.20 16.2 0.83 1.59 1
Fl 0.671  0.081 120 0513  0.829 2
0.1 - r : : ; ' ; 0.1 ' ' ' ' ! K71 (1/h) 169 0.9 5.1 152 1.86 2
0 1 2 3 4 5 6 0 1 2 3 4 5 6 k73 (1/1000/h) 23.0 3.9 16.8 15.4 30.6 2
: .. : . . . ) CL23 (mL/h/k 1.80 0.51 28.6 0.79 2.81 2
Time after administration (h) Time after administration (h) — EELMi; 0.7 57 5 vy 755 5
Flg. 1. Concentrations of ranitidine in rat plasma and each part of brain after intravenous and EIL‘: Eﬁﬁg f;g 24883 :gf {1530 I;f; i
intranasal administrations. In’felgﬂf“vidual variability D oo we oo s |
_ K51 1.33 0.47 35.3 0.41 2,25 4
CMT: 11 CMT: 1-3; intravenous Residual variability 0.224 0.059 26.5 0.108 0.340 4
CMT: 7-11; intranasal Value: parameter estimate value, SE: calculated standard error, CV: coefficient of variation,
CSF L LLCI: lower levels for confidence interval, ULCI: upper levels for confidence interval, Model:
Closed circle: observed data
Solid Line: . . : the number in which model the parameter estimates were obtained.
i olid line: predicted median concentration
:NJ Gray area: 90% prediction interval
B s CMIES SR St Table 11 Model validation Table 111 Model analysis: Brain exposure
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S 1,000.0 Cerebral Olfactory Cerebellum via two routes after intranasal administration
) 100.0 - cortex bUlb Prraniater Moment Model
E 1003 : analysis | analysis Exposure | Amount
1) U - . o o
= 01 ClL.total Brain part route in brain
= ggé ‘Le“um =MLS — CMT';Iasma 10,0000 | (ML/Mke) BLAd sk to brain | (% of dose)
'§ ] 11988:8 th(/isz 4179 399() Olfactory | Nose-to-brain 1.34 <G 160
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= v . , 3 0.1 P - Cerebral | Nose-to-brain | 5.14 x 107! <3 16
S 10,000.0 _ | s Y Kp,cc,L.v. S - cortex Systemi 3.30 x 102
; U STEMIC . X Bl
1,000.0 - Plasma Cerebral Olfactory Kp,cm,i.v. | 0.21 0.34 Y ; —1x18
100.0 - cortex bulb - Nose-to-brain | 1.22 x 10-1 <> *+
10.0 . F.i.n. 0.549 0.675 Cerebellum : -
1.0 - : _ Systemic 6.83 x 10-
0.1 - ] | ] | | ] ] Kp: AUC, tissue / AUC,plasma, ob: olfactory —— . _ .
bulb, cc: cerebral cortex, cm: cerebellum, Nosef to })ram: Direct nose-to-.braln absorption, systemic:
0 2 4 6 8 Time (h) 0 2 4 6 F.i.n.: intranasal bioavailability distribution by way of systemic blood after swallowing
Fig. 2. Posterior predictive check of ranitidine concentrations in rat plasma The amount in brain after intranasal administration
and each part of brain after intravenous and intranasal administrations. Direct nose-to-brain absorption > Distribution from systemic blood
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Model analysis indicated that direct nose-to-brain route was presentation contents.
dominant for compound exposure in brain.



