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The computer model for regulation of erythropoiesis, originally £
developed to represent human function, has been recently adapted to the 5
mouse system. This was accumplished by altering the values of the system
paremeters describing fluid volumes, blood flows, metabolic rates, hema-
tologic indices, etc. This report documents the values used in the mouse
model and compares them to the original human model. In addition, the
report summarizes the source documents and data used in obtaining the
parameter values for the mouse and the rat. It is anticipated that a
similar model for the rat will be implemented.

The capability of using models for two different species will greatly
enbance the realism of the simulations and provide greater flexibility for
spaceflight hypothesis testing. A companion report, TIR 741-LSP-8029,
documents the validation of the mouse model and its utility in suggesting
new experimental approaches.

The extensive literature search, summarized in the Appendices, wh1ch
provided the basis for the new parameter values was conducted by Robert
Chamberlain, a summer engineer trainee. i
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SYSTEM PARAMETERS FOR ERYTHROPOIESIS CONTROL MODEL: COMPARISON
OF NORMAL VALUES IN HUMAN AND MOUSE MODEL

Introduction

The computer model for erythropoietic control was adapted to the mouse
system by altering system parameters originally given for the human to those
which more realistically represent the mouse. Parameter values were
obtained from a variety of literature sources as indicated in the Appendix*
and in the Reference List. The immediate application of the mouse model

was the study of the mouse as a potential experimental model for spaceflight.

Data for the simulations were to be obtained from Dr. C.D.R. Dunn's experi-
ments at the University of Tennessee Memorial Research Center and included
studies of dehydration and hypoxia. The strain of mice used in these
studies were C3H with approximate weight of 25 grams. Parameter values were
chosen for this strain where possible. In certain cases, the literature
values were superseded by values obtained directly from Dr. Dunn's studies.
In a few cases mouse data were not available and data for the rat were
substituted. Large variations in parameter values were usually observed

as indicated in the Appendix, depending on mouse strain and investigator.
The values finally chosen are, therefore, highly idealized.

Basic System Paranieters

This report, in addition to documenting the source material, contains
a comparison of system parameters for the mouse and human models as shown
in Table I. Aside from the obvious differences expected in fluid volumes,
blood flows and metabolic rates, larger differences were observed in the
following: erythrocyte life span (126 d vs. 42.5 d)** erythropoietin

*
The appendix also contains parameter values for the rat which were
collected in anticipation of implcinenting 2 similar model for the
study of that species.

o First and second numbers in parenthesis refers to human and mouse,
respectively.




TABLE I

SYSTEM PARAMETERS FOR ERYTHROPOIESIS CONTROL MODEL

| PARAMETER e T HETER VALUE Rer.  unITS
* Red Cell Mass RCM 2000 0.63 () m
* Plasma Volume PV 3000 0.77 () m
Blood Volume Py 5000 1.40 () m
Whole-Body Hematocrit HCT 40.0 45.0 (00) ml packed RBC
: Y00 m1 blood
f * Mean Corpuscular Hemoglubin
| Concentration MCHC 0.375 0.300 (1) gm Hb/ml1 RBC
: Hemoglobin Concentration - 15.0 13.5 (1,4) gm Hb/100 m?
blood
* 02 Capacity of Blood - 20.1 19.0 (4) ml 02/100 ml
blood
0, Capacity of Hemoglobin  CHBO, 1.34 1.4 (1,4) ml 0,/gm Hb
* PO2 tension at LHb Sat. P50 27 39 (21) mm Hg
* Arterial p02 "PO2A 95 78 (12) mm Hg
Arterial Hb Saturation S02A .97 .99 (21) percent
* Renal Metabolic Rate MO2T 20 .04 (5) m) Ozlmin
* Renal Blood Flow BF 1200 1.83 (16) ml/min
* Normal Tissue pO2 PO2T 20 20 mm Hg
* Erythropoietin Half-Life EHL 12 3.25 (11)  hours
* Red Cell Life Span - 126 42.5 (12) days
* Erythrocyte Maturation Time Z 4 3.5 days
* Normal RBC Production Rate P 22 .0205 (12) ml RBC/day
RBC Turnover Rate RKC 1.1 3.26 (12) percent/day

* Fundamen§a1 value from which other parameter values may be derived (see
Table 11




TABLE 11

- RELATIONSHIPS USED TO DERIVE PARAMETERS
IN MOUSE MODEL

Blood Volume BY = RCM + PV = 0.63 + 0.77 = 1.4 ml

Whole-Rudy Hematocrit

HCT = RCM/BY = 0.63/1.4 = .45 m1 packed RBC/m! blood

Hemoglobin Concentration
HB = HCT x MCHC = 45 x 0.3 = 13.5 gm Hb/100 m! blood

02 Capacity of Hemoglobin:
T _ 0, concentration of blood _ 19
chBo, = 02 ' N
2 Tb concentration of blood 13.5

Arterial Hb Saturation

S02A function (PO2A)
(see oxygen-hemoglobin dissociation curve, Figure 1)

= 1.41 ml 0,/gn Hb

RBC Turnover

RKC = turnovor rate/100 -« .693/RBC Half-Life
=,693/42.5/2 = .0326 day”! = 3.26% per day

RCM x RKC
0.63 x .0326 = .0205 ml/day

Steady State Destruction Rate
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half-life (12 hrs vs. 3.25 hrs) and normal arterial pO2 (95 mm Hg vs.

78 mm Hg). The shorter life span of the mouse RBC implies a three-fold
faster turnover of erythrocytes. That is, the daily rates of red cell
production and destruction (as well as reticulocyte index) are about three
times higher in the mouse than the human. Other parameters Tound to be
more similar between the two species: hematocrit (40 vs. 45), mean cor-
puscular hemoglobin concentration (.375 vs .30) and maximum oxygen carry-
ing capacity of hemoglobin (1.34 vs. 1.41).

Aithough the arterial po2 in the mouse is much lower than in the human,
the oxygen saturation of hemoglobin of both species are nearly identical
(97% vs. 99%). This is a result of the distinctly different oxygen-hemo-
globin dissociation curves shown in Figure 1 and reflected in the different
P50 values (26.7 vs. 39.0 mm Hg). The P50 differences implies that at the
same level of tissue oxygen tension, oxygen is more easily unloaded in the
mouse than in the human. It should be noted that the normal pO2 of arterial
blood assumed here (78 mm Hg) was obtained from rat data (Ref. 4 & 11) and
has been used in a previous model validated for the mouse with reasonably
good results (Ref. 20). No corresponding mousc data could be located.

Values for renal blood flow of the mouse was not available and data
from rats were utilized (6 ml/min-gm tissue).

Scaled Parameters

Some parameters of the mouse model differ considerably from the human
model due to scaling factors alone. That is, the values used in the model
are given on an absolute basis for the whole animal rather than as a
specific property in terms of “per gram of tissue." In terms of specific
units the differences between the mouse and human system are much smaller
as shown below.
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TABLE III ~ ABSOLUTE VS. SPECIFIC PARAMETER VALUES
ABSOLUTE UNITS _SPECIFIC UNITS*
PARAMETER HUMAN MOUSE HUMAN MOUSE

Red Cell Mass 2000 0.63 ml 28.6 25.2 ml/kg body wt.
Plasma Volume 3000 0.77 ml 42.9 30.8 mi/kg body wt.
Blood Volume 5000 1.40 ml 71.4 56.0 ml/kg body wt.
Renal Blood Flow 1200 1.83 ml/min 4.28 6.10 ml/min-gm tissue
Renal 02 Consumption 20 0.04 ml/min 0.073 0.133 ml/min-gm tiscue

Body 02 Consumption 250 0.51 ml/min 0.00357 0.0255 m1/min-gm tissue

* Based on: Body Weight = 70 kg man and 25 gm mouse

Renal Mass = 280 gm (.4% BWt) in man and 0.3 gm (1.2% BWt)
in mouse

Oxyagen Balance

The balance of oxygen supply vs. oxygen demand is crucial to the feed-
back regulation of erythropoiesis. A pa~:meter reflecting this complex
balance is the tissue oxygen tension which is believed to govern the release
of erythropoietin. The oxygen balances for the human and mouse systems as
used in the model are given in Table IV. »

Oxygen consumption per gm renal tissue in the mouse is about twice that o
for the human. (Overall total oxygen consumption per gm body weight is
nearly seven times greater in the mouse.) This higher oxygen demand of the
mouse is satisfied in two ways in the model: a) there is a 50% greater
efficiency in oxygen extraction as indicated in Table IV. (Note that in both
species the amount of oxygen delivered at rest is more than sufficient -
i.e. roughly 10 times that required by the tissues.), b) there is a 30% :
higher blood oxygen supply per gm of tissue due to greater tissue blood flow
in the mouse.

The resting tissue oxygen tension is arbitrarily assumed to be identical
in both model systems; i.e., 20 mm Hg. The equation describing oxygen dif-
fusivity to the tissues from venous capillaries is given in the steady-
state as:




02 Venous

PRSP W T T b
TABLE 1V
OXYGEN BALANCE AT KIDNEY
02 Supply KYDNEY
= BF x 0, Conc.
, 2
02 Demand
HUMAN
A. Oxygen Demand 20
0.073
B. Oxygen Supply Parameters
P02. arterial 95
502, arterial 97.4
02 concentration 196
BF 1200
02 Supply Rate 235
.839
C. Oxygen Yenous Parameters
P02, venous 56
SOZ’ venous 89
P02, tissue 20
D. Percent Oxygen Extraction
0,, Demand
2 8.7%
02 SuppTy *

_MOUSE_

.04 ml Oz/min
0.153 mi Ozlmin-gm

78 mm Hg

98.6 % saturation
188 ml 02/liter blood
1.83 m1 blood/uin

.343 ml Ozlmin
1 143 ml Ozlmin-g,.tw

57 mm Hg
86 ¥ saturation
20 mm Hg

13.4%

N



Net oxygen delivery = tissue oxygen consumption
= (poz.vein - p02. tissue) x K
where K = conductivity coefficient = 02 Diffusivity x Capillary Surface Area

The ratio of K{man)/K(mouse) would bc expected to reflect the surface area
ratio between species if diffusivity were assumed similar in mouse and man.
Therefore, if S = capillary surface area, then

S{man) _ K(man) _ 0, consumption,man (pOz,vein - pO?,tis),mouse
S{mouse)  K(mouse) 02 consumption,mouse x(poz,vein - pOz.ti§),man

= 20 l“]!ll]in X Egg-g oy gg) mn Hg = 508
.04 ml/min s

This is in good agreement with the surface area ratio of 650 of the glom-
erular derived from data in Ref. 5 (pg. 174) in the following way:

Let: 37 u (mouse) and 100 u (man)

34

= glomerular radius

glomerular volume = 2.6 mm~ (mouse) and 4600 mm3(man)

= glomerular capillary length

w e - =
]

= glomerular capillary surface area

S=2wRxL andV= wRlxlL

2

Therefore, S=27R°*V/ 7R =2V/R

and S(man___ _ Y(man) R(mouse)
S{mouse) V{mouse) R{man)

4600 mn> 370

= x .
2.6 mn3 100H

= 650

This agreement lends support to the general representaticn of the kidney in
the computer model.




Functional Relationships

Three functional relationships are included in the computer model:
a) oxygen-hemoglobin equilibrium curve (EC), b) erythropoietin release
as a function of tissue p02, and c¢) erythrocyte production rate as a
function of erythropoietin concentration. The first of these is shown in
Figure 1 and will be described in detail below. The form of the function
curves for erythropoietin and red cell release will be assumed identical in
the mouse and human models (Figures 2 and 3). There is no reason at the
present time to take issue with this assumption, particularly since the bone
marrow function (Figure 3) was originally obtained from the mouse. These
curves (as shown in Figures 2 and 3 and as used in the models) are repre-
sented in normalized form (i.e. % of control) so that any species may be
represented. The gain factors, G] and GZ' representing the slope of the
relationships, may be different between species. This is of little concern
in the basic design of the model since these parameters will be adjusted
during the simulation process and their actual values estimated by "fitting"
the model output to the experimental data.

The equation describing the sigmoidal OEC is a form of the Hill equa-
tion and is shown in the insert of Figure 1, The two solid lines represent
human and mouse blood, respectively, and were recently obtained from single
blood samples in Dr. Dunn's laboratory. The value of P50 is explicitly
stated in the equation so that shifts in oxygen-hemoglobin affinity may be
easily described. The value of the exponent "K", found from the best fit of
the mouse curve, also provides a good fit of the human curve as shown by the
symbols in Figure 1. Thus, the only difference between the equation
describing the human and mouse OEC is the value of P50. The dashed line in
Figure 1 is a theoretical calculation of a P50 shift of +10 mm Hg from the
standard mouse curve.

Simulations '

A model representing the mouse system was implemented and verified as
being substantially appropriate. The rodel presently exists on the UNIVAC
1110 and PDP 1140 systems at NASA/JSC as well as on the DEC facility at the
University of Tennessce. Preliminary validation studies were performed and
have been summarized in a companion report, 1IR 741-LSP-8029.
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