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communication (volume transmission), signal transduction, transport and targeted delivery of drugs and metabolites, ionic 
homeostasis, formation and resolution of the brain β-amyloid deposits, the migration of cells (malignant cells, stem cells), transfer 
of heat generated by neuractivity [1,2]. 

Introduction

Abstract
Brain water metabolism ensures the processes of cellular communication, transit of the signaling molecules, neurotransmitters, 
cytokines and substrates, participates in the clearance of pathogenic metabolites. Many neurological conditions that present serious 

brain injury and stroke). At present, the orthodox theory fails to explain the accumulated experimental evidence and clinical data 
on the brain water metabolism. Modeling becomes an important approach to testing current theories and developing new working 
mechanisms. 
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parenchyma, the involvement of the cardiac-cycle-dependent oscillations of the intracranial pressure, highlight the important role of 

A novel computational model of brain water metabolism has been developed and explored. Using an interdisciplinary approach 

the AQP4-targeted drug therapy, optimization of the intrathecal drug delivery to the brain tumours, in a research on a broad spectrum 
of water-metabolic-disorder-related conditions. 

Brain water turnover at the microvascular level might be as high as of 600 L per day [10]. Filtration and reabsorption of water at 

mechanism that would have to account for it. 
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opinion has been born and commonly accepted in medical community that the narrowness of the spaces between the cells within 

considered a dominant governing mechanism there with the conventional wisdom maintaining that the interstitial space presents 

exhibit physical behaviour not observed in larger structures, such as those of micrometre dimensions and above [19] . 

three orders of magnitude higher than expected from the classical no-slip framework for the same pore size [22]. From the 
conventional point of view, this seems counterintuitive and even unsupported when using the no-slip Darcy or Hagen-Poiseuille’s 

Recently, there appeared a research paper on monitoring the state of water in the brain extracellular space. On injecting single-
walled carbon nanotubes into the rat brain and using super-resolution imaging, the researchers observed the rheology in live brain 

brain [25]. An interdisciplinary approach to the rheology in the brain interstitial space makes it possible to conceptualize the brain 

blood-brain barrier (BBB) and water movement in the brain [26-34]. 

pertinent experimental and clinical observations on water metabolism in health and disease. 

Methods

–aquaporin AQP4 ensures kinetic control over water movement between the blood and the brain interstitial space [26,29,34,39]; 

interstitial space [35,36,40].

describe water movement between the capillary blood and the brain interstitial space: 

( ( ) )v p a c ISFJ L p px f t (1)

where Jv (cm3 2). Lp (cm/s/ mmHg per sm2) is a compound hydraulic 
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(3) 

(4) 

(5) 

where is 4AQP
pL pL  

possible other parallel water transfer pathways. Within the context of the ongoing work, we assume that  4AQP
p pL L   from which 

it follows that 4AQP
p PL L .

Pf Pf to 4AQP
pL . 

4AQP
pL = 8.05 ×10-6 cm mmHg-1 s-1 (per cm2 transfer area)

(for details, see Online Resource, 1)

gradient, Δp (mmHg/cm), is:

where  pa (mmHg) and pv (mmHg) is the hydrostatic pressure at the arterial and the venous ends of the capillary, respectively, and 
L x 
(cm).

( ) /a vp p p L

L of 
the capillary to the length *L p  at the reduced 
side of the capillary has been estimated from the expression:

L*, AQP4 distribution is homogeneous and all other parameters of the model 
are kept constant. 

f(t); πc (mmHg) is the capillary plasma oncotic pressure and 
πISF 

Jhc
integration: 

*( )p p p L L

variables for the basic model are given in Online Resource, 3.

Results 
Description of the model

(water movement out of the capillary) is positive while the water reabsorption rate is negative. 

(2)
4AQP

p p pL L L

2

1 1

( )4 ( , )
x f xAQP

hc p x t
J L dx F x t dt
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exchange there.

Figure 1:  

Figure 2:  3D presentation of simulation results of water exchange in the capillary oscillatory area, COA 
p

volumes of water, Jhc
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Figure 3:  

of the model in Figure 1, are indicated with p1, p2, p3, and p4 Jv”, “±Jv”, 
and –Jv

C and πISF, respectively. Hydrostatic pressure is pa at the 
arterial end of the capillary and pv  p(t)= f(t).

that the schematic is not drawn to scale and does not represent the true ratio between capillary diameter and the capillary length

ensure a feedback exchange mechanism between the blood and the brain, a possibility discussed later in this paper. 

the brain water metabolism, Figure 3.

Simulation results and predictability of the model

model-computed predictions on the brain water metabolism. 

may have a more complex nature due to various factors contributing to its particular pattern like a respiratory component, head 
position etc. In this paper, we consider the cardiac-induced pulsatility only. 



Annex Publishers | www.annexpublishers.com                    
 

Volume 2 | Issue 1

Journal of Computational Systems Biology
 

6

Figure 4:
(a) (b) (c)  Fluid 

Jhc –water volume transferred over a complete heart cycle. (d) 
in the astrocyte endfeet membrane on the overall capillary water exchange:
Bar 1. AQP4 distributed homogeneously over the capillary with 4AQP

pL  = 8.05 x 10-6 cm s-1 mmHg-1. 
Bar 2. Polarized pattern of AQP4 distribution: 4AQP

pL  = 8.05 x 10-6 cm s-1 mmHg-1 in the CRA and the COA; 4*AQP
pL  = 6. 23 x 10-6 cm s-1 mmHg-1 in the CFA. 

Bar 3. Polarized pattern of AQP4 distribution: 4AQP
pL  = 8.05 x 10-6 cm s-1 mmHg-1 in the CFA and the COA; 4*AQP

pL = 6.23 x 10-6 cm s-1 mmHg-1 in the CRA.
(e)
and Bar 2 are obtained with the ICP wave 1 and wave 2 (Figure lb), respectively. (f) 

16 mmHg, 17 mmHg, and 18 mmHg, correspondingly.

L= 500 µm. 

length L* with L > L*  . 
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length reduction from the venular end. Reabsorption increases on the capillary length reduction from the arterial end (the set of 

rates. 

AQP4 presents a rate-limiting step in water movement across the BBB. Lateral distribution of AQP4 in the astrocyte endfeet 

 

4AQP
pL =8.05×10-6 cm 

mmHg-1 s-1 and 4*AQP
pL = 6.23×10-6 cm mmHg-1 s-1) to the water-exchange areas of the capillary. With AQP4 homogeneously 

mode (Figure 4d, Bar 1). On assigning 4*AQP
pL

Bar 2). With 4*AQP
pL

homogeneous distribution case (Bar 1).

for an explanation for the reduced CSF production.   

pressure is linear. 

models of brain water metabolism, that would help to explain the fundamental science behind brain physiology and various 
clinical conditions, becomes very important. 

Discussion  

circuits is the way to clarify the complex physiology of the brain [1]. 

nanodimentional scale of the interstitial space they have come to a conclusion that the spaces between the cells, within the neuropil, 

situation and to open new perspectives in understanding brain physiology and diseases.  
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clinical research on cerebral water metabolism [53]. In the present model, we view the brain interstitial space as a distinctive 

Experimental data demonstrate that AQP4 is a key molecule controlling water exchange between the blood and the brain 

function [33]. In translational medicine, AQP4 is considered a target molecule in the drug therapy of various pathologies, arising 
from water metabolism disorders, a guide for developing new therapeutic approaches [54-59].

function redundant. However, this would contradict the vast experimental and clinical data on the AQP4 control function.

capillaries responsible for water metabolism and whose function depends on the phase of the heart cycle, hydrostatic pressure 

physiology. 

have far-reaching consequences for the brain water metabolism. AQP4 content and polarization depend on the brain cortex 
local physiological activity. Changes in AQP4 subcellular polarization occur in response to various conditions including stroke, 

in the AQP4 lateral polarization underscores the importance of detailed knowledge of AQP4 topography at nano- and microscale 
in the astrocyte endfeet membrane enveloping a capillary. 

frequency of this exchange is synchronized with the heart cycles. 

demands.

clinical problems in neurology and neurosurgery. 

Alzheimer, dementia and others. 

brain tumour therapy, and in the therapy of a broad spectrum of water-metabolism-related disorders. 
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physiology. 

of water metabolism disorders. It underscores the importance of the cardiocerebral relationship for the brain water metabolism. 

conditions.

Professor S. Cherenkevich, Ph.D. for useful discussions. 
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