Journal of Computer Science 5 (6): 419-426, 2009
ISSN 1549-3636
© 2009 Science Publications

A Computer Simulation Modée for Automated Quantification of
L uteinizing Hor mone Secr etion

'Ayman Al-Nsour,?Hamza A. Ali,°Buthynna Al-Dulaimi andWisam H. Al-Sewadi
Faculty of Science and Information Technology, Rrivate University, Amman, Jordan.
“College of Engineering, University of Basrah, Basiaag.
*lragi Commission for Computers and Informatics, By, Iraq
“Esraa Private Hospital, Amman, Jordan

Abstract: Problem statement: An automated software package is developed forntifyiang
Luteinizing Hormone (LH) release from pituitary @aotropes in response to short pulses of
gonadotropin-releasing hormone (GnRKpproach: These computer programs were designed to
accommodate the release mechanism that consititseaf stages, namely; (1) Production of different
concentrations of effectors (such as receptor-haamoinds, G protein interactions, inositol 1,4,5-
trisphosphate 1§, (2) Release of G&from the endoplasmic reticulum ER and finally @lease of
LH through pumping of G4 in and out of the cytosoResults: The programs were coded in C++
computer language and implemented on Pentium PE&.dHEsigned model was intended to help in
explaining the characteristics of LH release inpoegse to various duration and different
concentrations of GnRH pulses in the presence hadree of external €a Conclusion: Features of
the short-term responses were simulated and fambjerstood using receptor binding, dimerization,
interaction of the dimerized receptor with a G pinot production of effectors that open voltage
sensitive channels in cell membrane and finallynoffee C&" channels in the ER and the ‘Ga
dependent release of LH. Also, prediction of theyiray concentrations of Gaeffects and comparison
with experimental data was made possible.

Key words: Computer modeling and simulation, luteinizing homap G protein, endoplasmic
reticulum, computer medical diagnosis

INTRODUCTION an effective strategy for teaching prenatal ulteessb
diagnostic skills to medical students when compared
The tremendous increase in the computer speedvith instruction by traditional paper-based methods
memory size, variety of Vvisualization software This study presents a simulation technique to etalu
techniques and hardware components, besides ttand quantify Luteinizing Hormone (LH) release from
growing decrease in hardware cost have made it thgituitary gonadotropes in response to short putdes
most attractive tool for various applicatifrs Gonadotropin-Releasing Hormone (GnRH). The work
Utilization of computer abilities in the medicatliil has  starts with explanatory introduction to this phereoma
no limit, ranging from simple dose calculationstb@  and then proposing an algorithm to do all the ndede
visualization of the whole body displaying damaged evaluations.
affected organs and supplying experts with full Reproductive hormones are characterized by their
diagnostic reportd. The benefits of a medical imaging pulsativity. Quasi-regular pulses of Gonadotropin
examination in terms of its ability to yield an acate = Releasing Hormone (GnRH) are released from the
diagnosis depends on the quality of both the imagéiypothalamus at variable frequency, often
acquisition and the image interpretation. During@ th approximately once an hour and travel through the
past century, radiology has grown tremendouslytdue portal circulation to the pituitafy?’. They stimulate the
advances in image detector systems and computeoincident release of Luteinizing Hormone (LH).
technolog{#®. Moreover, whether computer-based Normally, LH release is also quasi-regular and
learning”’ improves newly acquired knowledge and is pulsatile, with amplitude that varies with the inpu
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However, high-frequency or continuous administratio it is not included in the present model because an
of GnRH disrupts the LH-GnRH relationship and LH inhibitor of diacylglycerol lipaseauses dose-dependent
production is reduced, a process termednhibition of LH release, without affectirthe ability of
desensitizatiol. Reduced LH retards follicular arachidonic acid to facilitate LH rele&Se
development, steroid production and ovulation. GhRH  Multiple proteins are also involved in GnRH
and LH also display different pulse shapes. Typical signaling*”. G protein is involved in the initiation of
in vivo, GnRH input pulses closely resemble squarghe GnRH-activatedignaling pathway is inhibited by
waves, the LH secretion profile exhibits an inifiedak  cholera toxin, but not by pertussiexin and is,
followed by an exponential decdy therefore, a G guanyl nucleotide-binding protéifi.

Given the complexity of the GnRH-LH Moreover, obtained data indicated two pools of ItH i
relationship, it is useful to augment experimestaldly  gonadotropeand redistribution of LH by GnRH from a
with a theoretical approach, formulating and fijtin ~ non-releasable pool the releasable pool.
model. The model developed here organizes the Mathematical models have been developed to
relationships among variables, describing systenexplore someof the Effect of dimerization on the
behavior concisely and quantitatively. Oscillaticar® response of the gonadotrofesvarious concentrations
not included in the model with the assumption ofof GhRH and some related peptides were explored
having one pool of realizable LH. This computationa using some mathematical mod&ts”. However, such
model explains the qualitative features of LH reken  models did not include the interactiontbé dimerized
response to GnRH pulses having various duratiods arreceptors with G proteins or the subsequent complex
different concentrations both in the presence andhtracellular signaling systems but they mainlyused
absence of external €alt also provides estimates for on the kinetics of receptdiinding and dimerization.
unobserved system variables over time and candm usWith increasing understandings of the signaling
to predict future system response. By formulating t systems between GnRH binding and LH rel€ase
model in a quantitative framework, statistical perfusion systems development and optiathods to
procedures can be used to assess agreement béheeenstudy the changes in cytosolic acontent of
model results and the experimental data, testiegiip  individual gonadotropes has allowed much new tata
physiological hypotheses. Here these tests providbe obtained on the changes in cytosolic **Ca
evidence of receptor desensitization. concentration (CAC) and the rates of release ofihH

It is known that Luteinizing Hormone (LH) and responséo short pulses of GnRH.
Follicle-Stimulating Hormone (FSH) secretion by
gonadotropes located in the anterior pituitaisy MATERIALSAND METHODS
stimulated by Gonadotropin-Releasing Hormone
(GnRH), a decapeptidehat is released by the The Hypothesis. Response to short pulses of GnRH is
hypothalamus. Connet al*® suggested that only considered in order to avoid the effestshanges
dimerization of the GnRH receptors tire surface of in gene expression that are known to occur in nespo
the gonadotropes was sufficient to initiate ritlease of  to long exposure to GnRI¥. This has made it possible
LH and it has been established that this eventrsacu for the proposed model to generate pituitary dakd
response to agonist occupancy of the recEptor expressin different concentrations of GnRH
Although, GnRH induces oscillations in CAC in receptorS”, thus, to obtain datmn the effect of
gonadotropes Via Voltage-Gated “Ca Channels receptor number on rates of release of LH ahthe
(VGCCs) located in the plasma membf@nés initial  change in cytosolic concentrations of,|Ehe signaling
rise in response to GnRH is independent of exthdleel compound that activates release of?'Cérom the
C&" but is due to the rapid release of Cisom the ER.  Endoplasmic Reticulum (ERY.
For low and medium concentrations of GnRH, the  The proposed model includes the interaction of the
initial spike and the subsequent plateau level of CAC islimerized receptors witta G protein in the cell
increased and in the frequenof the subsequent membrane, the consequent release géiid, therefore,
oscillations with increasing concentratioos GnRH,  of C&* from the C&' stores in the ER (CAER), the
however, as concentration of GnRH increases, thepening of C& channels in the plasma membrane and
frequency increases with no further increase in thehe subsequent active transpafr€&* back into the ER
initial spike level of CAC. No develop model as yetand into the extracelluldtuid. Many features of the
applies to the CAC oscillations of gonadotrdfes complex pathway between the binding of GnRH to its

Although arachidonic acid is also involved in the receptors and LH release were omitted. Furthermbre,
signaling system by which GnRH causes LH rel€ase focuses on data concerning LH release in resptmse
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relatively short pulses of GnRH and the effects ofG protein, denoted by GQ, producing effectors with
varyingGnRH receptor number (GnRHR). concentration E at the rate of kand ks for reverse
The CAC (and th€AER) were modeled as smooth operation). This effecter E is assumed to represent
functions of time that mimic the initial spikend the phospholipase C. Therefore, looking at all the @bov
subsequent average Cdevels. Although the rate of reversible reactions together into an inter-related

CAC oscillations increases withincreasing 1B equation, one will end up with the following eqoati
concentration, the HPlevel, on which the GnRH-

inducedC&" responses depend, does not oscitfate (H+R -5 HR)+ HR (2151,

Besides, low CAC facilitates and high CAC inhilifie Q)
release of C from the ER were evident. Also, it is HRRH)+ GQ-(3151L. E)

chosen to treat LH release as occurring from alesing

pool because the kinetics of transfer of LH fritwe non This equation is implemented in the diagram of
releasable pool to the releasable pool has not bedfig. 1 and the concentration changing rates foHR,
studied. HR, HRRH, GQ and E values are computed by partial

As the estimated for the number of GnRHRs pedifferentiation with time. In order to produce iito$ 1,
gonadotrope is T0then assuming that there aré-10° 4, 5-triphosphate (4p. This is simply achieved by
cells/ml in a typical experiment on isolated assuming that IPis proportional to the effectors E
gonadotropes, th8nRHR concentration would be 1.5- concentrations. The subsequent metabolism gfiP
15 pM. Therefore R= 0.01 nM is chosen as standard gonadotropess compleX® with unknown kinetics.
total receptor concentration. Although, the G prate However, it can be assumed simply that; I
per gonadotrope concentration is not known buts it con\_/erted to inactive metabolltgsae}tate proporuongl
~10-fold or more as compared to the number oft0 IS concentration, thus vyielding the following

receptor®?, It is also chosethat total concentration of differentialequation:

G protein to be GgE= 0.1 nM.

(%)IPS: k.E- kIP3 )
Formalization: The mathematical model proposed here
for the stimulation by GnRH of LH release by pituit
cells can be divided into three phases. The fihgtsp of GnRHRs per gonadotrope can be taken = 0.01

treats thehormone bindings to the receptor, formationan,zz] and number of G proteins per granadotrope to
of dimmers, the productiorof effectors and 1P be GQ = 0.1 N\

The total receptor concentration, ®r the number

occurrences. In the second phase,régulated

channels on the ER allow €ato be released and @
subsequently pumped back into the ER. Then in the

third phase, the voltage-sensitive cell membran& Ca Calculate HR, HRRH and E
channel, leakage €achannels, the cell membrane?Ca using Eq. 1

(All parameters are taken from
appendix A)

.

pump and the release of LH atescribed. The three
stages of calculations are outlined in the follagvin

First Phase: Compute the partial derivative
Hormone binding to IP; formation: The of R, HR, HRRH, GQ and
concentration of GnRH in the surrounding mediunaas finally IP: by

function of time is denote by H(t) , where timest i [%] IP, —k.E —k_.IP,
measured in minuteShe receptor concentration per

unit volume will be denoted bR. It is assumed that i IP:

GnRH binds to the receptors via a simpd@ersible

reaction with certain binding and unbinding ratesukd  Fig. 1: First Phase: Hormone binding t@ fBrmation

k.4, respectively. The resulting hormone-receptor ldoun

complex HR interacts with each other reversibly The initial value of other variables inuatjons 1
forming dimmers, whose concentration is denoted byand 2 such as HR, HRRH, E ang, ave the value 0
HRRH with binding and unbinding rates knd k,, and R =R. All abbreviations and values of constants
respectively. These dimmers react also reversibifif w and rates are listed in Table 1. Degradation of nR
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has madé difficult to measure the affinity constant for
the bindingof the naturally occurring ligand to its
receptors, therefore no precise value is unavailabd
hence a value of ~0<10° M™* has been suggest&d

The magnitudes of; kand k; were chosen so that
most of the binding occurs within 30 sec arttie
affinity constanis 0.510° M™.

Table 1. List of abbreviations and values of comista
and rates used.

i A-1Variables:

i H: GnRH concentratiomM),

i R: Free GnRHR concentration (nM)

i HR: Hormone-receptor complex concentration (nM)

i HRRH: Hormone-receptor dimer concentration (nM) :

i E: Effector concentration (nM) i

i 1P3: Inositol 1,4,5-trisphosphate concentration (nM)

i CAC: CytosolicCa2+ concentration (LM)

! CAER: ERC&" concentration (uM)

: CHO: Fraction of open ERC& " channels

i LH: LH concentration (ng)

! A-2 Congtants: :
! Rq: Total receptor concentration (nM) '
i GQy: Total G protein concentration (NM)
ERUL =40: RestingC6€+ concentration in ER (uM)
i CAE =1,000: ExternalCa" concentration (M) ;
5 A-3 Rates Constants: '

: o = 2: Constant, fraction of open ER channels{pM !
i B =4: Constant, or fraction of open ER channelm®m !

! kg =2.5nM! - min?, k=5 min?,
! kp = 2,500 nM" - miri*, k, =5 min?,
ks = 4,000nM™ - min?, k3 =200 mirt,
! ks =2 x 14 mint, ks=10 mint
' ks = 1pMT - min, kg=5.0 min!, ke = 10 pM?t
I min’l, k666: 0,
k; = 2.2uM/min, kg = 0.4 nM! - min®
kes =0, kss = 0,

Kee= kgsCAC —lézazsCAC2
kg = 0.0002 mih, k=15 ng/min

The values of the rate constants for dinagion k
and k, were chosen such that there is a high and rapi
tendency to dimerize. Also, the rate constagi@nd ks
were chosen so that the binding of the dimer toGhe
proteinis rapid and has high affinity. The rate constant
ks and ks were chosen so thatdBpproaches its steady-
state level in response H = 0.1 nM in ~2.5 min and to
H =10 nM in ~0.5 min, consistentth the short-pulse
data of Morgaret al™®.

Applying a 5 min pulse of hormone concentrations,

GnRH H=0.1,1 and 19M, the responses of the
variables R, HR, HRRH, E andJBre plotted in Fig. 2.
At H=0.1nM, ~95% of the receptors ,Rare
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unoccupied and thubie amounts of of concentrations
are all very small, see HRRHE, and IRs. As H is
increased to 1 nM, about two-thirds of the receptoe
occupied and much more is produced, see HRHH
and IRg. With a further 10-foldncrease in H, ~96% of
the receptors R are occupied and furthigmificant
increases occur in other concentrations, see HREH
and IRc At this high hormone concentration, the
formation of HR is so rapid that Hirst peaks
(at ~0.1 min) and then declines as HRRH is formed.
The concentrations approach their steady-stathies
in~1 min and then relax back to their initial vadue
within 2-5 min after the hormone is removed at
t = 5 min for all the three cases.

Second phase:

Release of Ca*" from endoplasmic reticulum ER:
When inositol 1,4,5-trisphosphate, sIPbinds to
receptors on the Endoplasmic Reticulum (ER)
membrane, Cd is stored in the ER and released. The
detailed dynamics of these receptaiesya major role in
the cytosolic C& oscillations and lots of research is
carried out in this contekt. However, an assumption
is adopted to give a time course to fraction ofrope
channel CHO instead of modeling these dynafics

_ al0®IR (1) ot
CHO(t)= o.{“ a10° R (t)]( 1+B &™) (3)

This fraction of open Gachannels depends onsIP
concentration in a Michaelis-Menten-type saturating
fashion. The fraction in the first factor on thehi
approaches a maximum of 1for high 3IP
concentrations. The factoBte™® approaches a
maximum of 1 when t= B/ The parametera and 3
are chosen as 2 niMand 4 min', respectivel§®. The
maximum probability of opening &achannels or the
factor CHO reaches its maximum of 0.6 at 0.25 min,
which is in full consistenwith the data of Ramos-
Francoet al®®. Equation 3 is plotted; see Fig. 3, using
the steady state concentrations of fer the three
hormone concentrations under consideration, taken
from Fig. 2. The time course is shown in respdosa

min pulse of different concentration of GnRH.

It is assumed that the release of *Cas

Joroportional to fraction of open channel CHO,

difference between ER &aconcentration (CAER) and
Cytosolic C&" concentrations (CAC) and the some
intrinsic rate constant k.

The ERR equals to the rate constapipkis some
complicated and nonlinear function related to CAC.
Also, C&" is pumped back into the ER at a rate jointly
proportional toCAC and to difference between resting
concentration of Cain the ER (ERUL) and CAER.
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Fig. 2: Response to GnRH pulse, [A: for H = 0.1 B4for H =1 nM and C: for H = 10 nM] (a): Hormored
hormone-receptor concentrations, (b): Hormone-riecedimmer and effectors concentrations and (c):
Inositol 1, 4, 5-trisphosphate concentration

Therefore, the rate of ER €aconcentration can be behavior remains the same. On termination of tHsepu
calculated first then the estimated dynamics réte oat 5 min, CAC returns to its resting level withif min.
Cystolic C&" Concentration in the absence of otherin all three cases, the LH production rate follows the
mechanisms would be calculated, as summarizeckin thcaC.
block diagram of Fig. 4. No experimental
measurements of the ER volume ratio to any cell
volume, but 1/20 is found reasonable.

From®*?7 the resting level of cytosolic &ais
0.05-0.2 uNf!, the rate constantin the absence df)
is chosen as 0.1 uM in the absence of hormones,
ERUL =40 uM, CAER =20 puM. So by choosing
ke =5 pM* min* and suitable other factors, we would

CHO (1)

obtain an initial rate of decreaseGAER of about o1 N\

80 uM min®. Then, if all channels were open or CHO ' N

= 1, the initial rate of increase of CAC would b@ath 0¥ - - : —
of that, i.e., 4uM mif. However, these are Time (min)

overestimatesyecause, in fact, for the first few seconds

only a small fractiorof the ER channels are open and Fig. 3: Probability of IRregulated C% channel
the maximum probability of openirig 0.6, this means opening

that the initial spike INCAC occurs in<l min and

reaches a maximum value at 0.2-1 pM. these restdts “i?
shown in Fig. 5 and they are in agreement wi Calenlate C
. L K culate CHO
experimental data. Moreover, initial spike of CA@nc TP .
be attributed to the highly weak pumping of’Chack CHO(t)=D'3{_1+ot10'3]]33(t)J(1+Bté
into the ER as compared with the releas€&* from ¥
the ER. Calculate rate of CAER
The LH release rate is plotted for a 5 miise of CHO®ERR.*(CAC ~CAER)+k , — Z°C __(FRUL - CAFR)
. . 174+ CAC
hormone of three different concentrations, 0.1nd 20

[
Calculate Ca®™ concentration
ACAC?
0.5+ 2CACT

nM in Fig. 5. When H = 0.1 nM, an initial rise from
0.1t0~0.19 uM is noticed followed by gradual
decrease, but when H =1 nM, the initial spike oscu
morerapidly and goes to a much higher level, attainir .

a plateauwhile GnRH is still present. However, at

H=10nM, the initial rate, thgeak level and the Fig.4: Second Phase: CRelease from endoplasmic
plateau level are somewhat higher, but qoelitative reticulum ER
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Third phase: RESULTS
Release of luteinizing hormone LH: The output of the
operations of Fig. 5 is utilized for calculatingeth In calculating the CAC rate, at the resting levtl

luteinizing hormone concentration LH. The dimersCAE =1 mM (normal rangeof plasma free Ca
produce effectors E that activate vqltage-sensiﬂrie* concentration), a balance betweerakd k, so that the
channels, VSR. This VSR is proportional to E thitvag  rate of pumping out of the cell equals the rate of

rate constant kplus some complicated and nonlinear |eakage into the cellhe second-order kinetics may be

; L ;
Cé&" concentration in the external medium, then the rat cAC fluctuations about resting level and cause low

of cytosolic C&” influx through this voltage is assumed paseline |H release. Obviously, CAC returns to its
to be proportional to (CAE-CAC). Furthermore, th&se  oqing state within a few minutester the removal of

. 8] . o
evidenc€® that the rate is facilitated by low GNRH. Value ofks is chosen such that typically

ggng:zggggz;h; f di(g::[gs tﬁg?égnﬁiﬂtidm '?hye c2i|?h observed elevated CAC values after the initial spik
pump while GnRH is still present, whilegkand kggare set to

membrane obey second-order Michaelis-Menterb d is ch _5 g der to ai
kinetics (rate constant,kand that CH leakage from and ko is chosen=5ng minh in order to give
consistent LH release with observedes. The release

outside to inside (rate constag) Is a simpldirst-order : ) ; ’
process. The addition of these 2Cafluxes the rate of LH is plotted against the time for the Snroff

differential equation and finally using second-arde GNRH ulse in Fig. 7.
Michaelis-Menten kinetics, rate of release of LH is
computed depends on CAC, as shown in the diagram of
Fig. 6.

CAC ( ph)

\\_ H = 10 (uM)
: e - Py

Release rate of LH (ngm min 1)

Time (min)
Time (I‘llill-_] (a)

Fig. 5: The rate of cytosolic &a concentration
response to a 5 min pulse of GhnRH

i
o
i

o min 1y

v =
Calculate VSR o
VSR = kg+kgsCAC-kggs (CAC)? €04
g
v ®
Sos
Caleculate
QCCAC):E(CAC)UJrVSR *(CAE—CAC)—MJrkgCAE ;
E} 3 2 +(CAC) o e .
15
Time (min)
v (b)
Calculate
LH (6>LH_kW(CAC)‘ )
Bt T Zz+(CcAcC) Fig. 7:Rate of LH release due to pulse of GnRH: (a
et Theoretical calculation using 5 min pulse (b):
Fig. 6: Release of Luteinizing Hormone (LH) Experimental results using 7 min pufse
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DISCUSSION

The observed results listed in Fig. 7 for theasée

rate of luteinizing hormone LH due to a pulse formade
duration gonadotropine-releasing hormonevisualization

certain

of external C&. Prediction of theeffects of varying
concentrations of CG& concentration or
number and comparison with experimental data was

receptor

feature
imaging

possible. Further elaboration in
using efficient computer

(GnRH) are in full agreements with the studies oftechniques can be thought of as future extensiothf®

Stoljilkovic et al®®. In the presence of &a an initial
rapid rise in LH release rate is followed by a dapi
decline, a brief pause and then decay to zerown fe
minutes. They are also in consistent with the
experimental results of Charey al®. Although the 1.
exposure times to different concentration of GnRiH f
these experiments were different, the main result
profiles were similar. In the absence of’GCahe peak
level of LH release is considerably low and thexr@d
pause, typically as observed IBhang et al In both
cases, the rate of LH release is closely correlated 2.
cytosolic C&".

Different gonadotropin-releasing hormo@nRH
concentration levels were implemented in
Stoljilkovic et al® experiments for 7 min pulse 3.
duration. For each GnRH concentration, the rate
increases rapidly, reachagpeak, then declines rapidly
to a plateau level during the pulse and then deslio
resting level within a few minutes. The radé LH
release tracks the Cytosolic Caconcentration as
shown in Fig. 7b, these results are in full comsise
with results shown in Fig. 7a. 4.

It must be noted that in the proposed study here,
some important short-term mechanisms were ignored.
They acan by summarized by (a) Multiple G proteins,
effect. (b) Facilitatory and inhibitory mechanisriws
cat entry, as a result of settingek kgg and kgg equal
to zero. (c) Roles of diacylglycerol and arachidoatid
in LH release(d) The mechanisms of degradation of g
IP3, (e) Conversion of IPto other inositol phosphates.

(f) Protein kinase C effecn C&" channels and on the
unmasking of cryptic receptors, (g) Receptor
endocytosis and recycling and (h) Two pools of LH.

CONCLUSION 7

The proposed model demonstrates that the major
features ofthe short-term responses can be simulated
and fairly understood using only the mechanisha
are included in the model, such as receptor binding
dimerization, interaction of the dimerized recep#dth
a G proteinproduction of an effector that opens voltage8'
sensitive channels in cell membraanad catalyzes the
formation of IR, which opens the Gachannels in the
ER and the C&-dependent release lofl.

This computer aided simulation and evaluation
model also addresses many of the significant dleont-
features such as binding of GnRH to its receptos a 9-
releaseof LH (and FSH) from gonadotropes including
the shape and time course of LH release in response
GnRH pulses which turned out to be in full agreemen
with seen experimentally, in the presence and aesen
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current study.
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