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substrates, gases, signaling molecules, neurotransmitters, drugs, eliminating waste products and participating in intercellular 

physiological and functional unit encompassing neurones, astrocytes, capillary endothelium, pericytes and extracellular matrix 

that the ECS spreads around the cells and envelopes them by sheets of 10–40 nm width. Tubular tunnels of 40–80 nm diameters 

feature of the NVU is that the component cells closely interact with one another through coordinated cell-cell signaling mechanism, 
various chemical messengers and informational molecules, detect the needs of neuronal supply of glucose and oxygen, and trigger 

the minimal one is accompanied by simultaneous uncoupling of oxidative phosphorylation [8]. Complete oxygen deprivation 
results in loss of consciousness in a few seconds and brain death in about 5 minutes. Continuous delivery of oxygen and glucose, 

Commonly accepted mechanism of brain oxygenation is based on Krogh’s model where mass transfer of oxygen from a capillary 

include other mass-transfer events in the brain extracellular space [13-15]. Recent research into brain water metabolism suggests 

Introduction

Abstract
Glucose and oxygen are obligatory energy substrates for the brain and their continuous supply to the neurons, as well as elimination of 
the end product – carbon dioxide, is of paramount importance for brain physiology and survival. Transport of these substrates from 
the brain capillaries to the neurons presents a challenging issue. Computer modeling of convective mass-transfer of glucose, oxygen, 

Katchalsky formalism. In this model, the astrocytic endfeet aquaporin- 4 (AQP4) ensures kinetic control over the radial capillary water 

glucose and in eliminating carbon dioxide. Oxygen transport capacity is limited to meeting the demands of the low-rate-respiring 

acting together, if only in their respective domains, enhance cerebral adaptation to stress and metabolic response to brain activation. 

Keywords: 
transfer mechanism

                        Volume 2 | Issue 1
            Journal of Computational Systems Biology

ISSN: 2455-7625

Received Date: August 11, 2024  Accepted Date: August 26, 2024  Published Date: August 30, 2024



Annex Publishers | www.annexpublishers.com                    
 

Volume 2 | Issue 1

Journal of Computational Systems Biology
 

2

convection in the ECS as an alternative mass-transfer mechanism [16-18]. In view of this it becomes important to further explore 

domain of the NVU and to study functional capacity of the convective mechanism in mass transfer of glucose, oxygen and carbon 
dioxide. 

carbon dioxide are derived. 

Where Jv, cm3

 
4AQP

pL = 13.7 10-6

parameters is in Online Recourse); 

pL
S, cm2, is the capillary radial water-transfer cross-section area;
Pa = 40.5 mmHg, is the hydrostatic pressure at the arterial end of the capillary;
Pv = 19.5 mmHg, is the hydrostatic pressure at the venular end of the capillary;
L = 0.05 cm, is the length of the capillary;
πc= 22 mmHg, is the capillary plasma oncotic pressure;
πint
Pint = f (t), mmHg, is the ICP pulse pressure waveform as shown in (Figure 1). Analytical form of this function is given in Online 
Resource.

Step 2: Obtaining mass-transfer rates for glucose, oxygen and carbon dioxide:

(a) Mass transfer of glucose:

Where Jg, fmol/min is the molar glucose transfer rate;
vw ml/min, is the volume of water transferred through the capillary wall area over one minute;
Ka fmol/ml, is the molar solubility of glucose.
(b) Mass transfer of oxygen and carbon dioxide:

Where 
2 2/O COJ , fmol/min is the molar transfer rate of oxygen/carbon dioxide;

Ca fmol/ml, is the molar solubility of oxygen/carbon dioxide in physiological saline under standard conditions;
Pi mmHg, is the partial pressure of the respective gas; 
P, mmHg, is the standard gas pressure.

In Ka  and Ca the necessary corrections have been made for the salinity, temperature and gas partial pressure. Computer simulation 

A drawing of a generic NVU in Figure 1 shows a capillary and a neuron, the central anatomical and functional elements relevant 

Methods 

Results
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intracranial pressure (ICP) in Figure 1 originates from the pulsations of the larger cerebral blood vessels and, with it systolic rise 
and diastolic drop, closely mirrors events of a complete heart cycle [21]. 

Figure 1 and 2 presents the computer simulation results in the form of the computed 3D spatiotemporal graphs demonstrating the 

exchange and brain water metabolism [4]. 

Figure 1
NVU - the neurovascular unit; ICP-the intracranial pressure waveform 

views of the FS and the AS, respectively. (More on building the computer model and the graphics can be found in Online Resource)

Figure 2: Computed water dynamics involving the capillary oscillatory section 
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rates.  Figure 3 sums up the conversion data.  

mass-transfer rates in various functional sections of the capillary. On the glucose mass-transfer bar chart (B) there are also given 
the glucose consumption rates by the average neuron of the human brain and the human average cortical neuron (bars c and d, 

glucose delivery by the convective mechanism.

Figure 3: Computational results on volumetric water movement rates and convective mass-transfer rates of glucose, oxygen and carbon dioxide 
within the neurovascular unit 

could be found in Online Resource.

a- Glucose supply rate 
within the OS; b - glucose supply rate within FS + OS; c - glucose consumption rate by the average neuron of the human brain and d - by the 
human average cortical neuron. 
C. Molar oxygen supply rates by the convective mechanism:
1- the FS; 2 - the OS; 3 - the FS + OS. 
D – Molar carbon dioxide elimination rates by the convective mechanism:
1- the OS; 2 - the OS + AS (at 40 mmHg of the CO2 partial pressure). 3- the OS; 4- the OS + AS ( at 70 mmHg of the tissue CO2 partial pressure)

Table 1: Glucose and oxygen consumption rates averaged per neuron
*±5% accuracy 
**Obtained from the molar oxygen-glucose stoichiometry of six [7]. 

Neuron Glucose, * fmol /cell/min Oxygen,* fmol /cell/min

Across species 4.8- 24.0 [22] 0.66 - 60.0 [22,23]

Whole brain, human 5.44 [23] 27.4 [23]

Cortical neuron, human 13.20 [23] 12 .0 [24]

Cerebellar neuron, human 0.65 [23] 3.9**
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transfer capacity of the convective mechanism. 

supply rate is only just adequate for the lower margin of the neuronal respiration rates across species cf. (Table 1). It is well below 

convective mechanism to a limited range of neurons. In the discussion section, we shall dwell on the possibilities of enhancing the 
oxygen supply rates. 

D-2, -4, the computed maximal carbon dioxide removal rate is 6.97 fmol/min (at 40-mmHg CO2 partial pressure) and 12.2 fmol/
min (at 70-mmHg CO2 2 
production by the human cerebellar neurons and just adequate in CO2
the convective mechanism quite capable to fully eliminate the carbon dioxide produced by various neurons.

is generated in the process of oxidative metabolism of glucose proceeding via glycolysis and the mitochondrial oxidative 

precondition for brain normal activity. Glucose deprivation rapidly follows by aberrations of cerebral function while lack of oxygen 
results in brain damage and death in a matter of a few minutes [9,10]. Computer simulation of convective mass transfer of glucose, 

limited to the neurons with low respiration rates. From physiological perspective, this is certainly important but puts limitations 
on applicability of the convective mechanism as far as the high-respiring neurons are concerned.

Solubility increase by factor 15 was found for CO2 [28]. 

Taking into account the oversolubility corrections, we arrive, in theory, at new oxygen supply rates ranging from 4.4 to 89.8 fmol 
O2

2 will be 104.6 fmol/min (at 40-mmHg CO2 partial pressure). 

4AQP
pL  = 13.7 10-6 

cm/s/mmHg rather approaches its maximum value. 

Discussion 

Table 2: 
Lp* the original units have been converted to those uniformly accepted in the ongoing paper
AG- arachnoid granulation

Lp*. cm3/s/mmHg/cm2  Assessment Reference

AG, human  23.3 x 10-4 Computational  model  (2010) [31]

AG, human  15.4 x 10-4 In vitro model  (2010) [32] 

AG, human  18.3 x 10-4 Estimation in vivo  (1991) [33]

AG, human  1.75 x 10-5

1.83 x 10-6
 Ex vivo model  (2008) [34]

Blood-brain barrier 0.37 x 10-6 In vitro BBB astrocyte monoculture model (2010) [35]
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with the heart activity that generates the pulsations of the intracranial hydrostatic pressure. 

adaptation serving to better attune metabolic responses to brain activation. 

An optimal continouos supply of glucose and oxygen to the neurons and glial cells is vital for the physiology and survival of the 

technologies [19]. 

Research Programme “Convergency-2020”.

glucose, oxygen and elimination of carbon dioxide, carried out along those lines, has demostrated a high functional potential of 
the convective mechanism. On the way there came to light a few issues that present challeges for future reseach. 

4AQP
pL  by at least two orders 

of magnitude. 

area. Indeed, there are other cotransporters that possess an additional Tran’s membrane-water-transport mode and facilitate water 

Highly expressed in the capillary endothelial cells, there is a glucose-conducting channel, GLUT1, that presents, apart from 
transporting glucose, an example of such a water-conducting cotransporters [2]. Glucose transporter protein GLUT1, facilitates 
bi-directional glucose delivery from the blood to the brain across the BBB in energy-independent manner [36]. Glucose 
transport through the BBB is not a rate-limiting step in cerebral energy metabolism [37]. With all that, GLUT1 ensures an 

conductivity might well exceed that determined by 4AQP
pL alone. It means that convective mass transfer mechanism might, in 

theory, insure higher mass transfer rates than predicted on the basis of the AQP4-induced permeability alone. A commonly 

of mass transfer in the brain ECS [19,40]. Convective mass transfer mechanism has been the center of our long-standing research 
interests encompassing brain respiration, tissue oxygen mass transfer and oxygen supply to the mitochondria [4,8,40-42]. A break-
through in this area came with the realization that the nanodimentionality of the ECS might be viewed not as an obstacle but as a 

of the ECS. We have used this approach earlier in development of a computer model of brain water metabolism [4]. We have 
employed this paradigm in the ongoing paper to model convective mass transfer of glucose, oxygen and carbon dioxide in the 

Conclusion
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