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ABSTRACT

Acute nicotine is a potent stimulus for
activation of the stress responsive hypothalamic-
pituitary-adrenal (HPA) axis. To identify
underlying mechanisms, we investigated the
effects of chronic nicotine self administration (SA)
on the co-expression of corticotropin-releasing
factor (CRF) and Arginine vasopressin (AVP)
mMRNAs. The phenotypic neuronal alterations may
provide the pivotal mechanism underlying the
capacity of chronically self administered nicotine
to cross-sensitizes the HPA response to specific
stressors, suggesting that nicotine may augment
HPA responsiveness to specific stressors in human
smokers. Schematic representation of
paraventricular nucleus (PVN) neuroadaptive
changes and HPA axis responses during nicotine
SA is given in section 1. So we consider this as a
special case of the general stochastic clearing
system. The organ system receives an input (AVP
secretion). overtime according to a non -
decreasing continuous time stochastic process
Z={z(t),t=0} and z(t) is the cumulative input upto

time t. At epochs 7,<7,< T <Z........ the

guantities accumulated are instantaneously
cleared.
Keywords: Cumulative stress effect, Stochastic

clearing system Arginine vasopressine, Correlated
renewal process.
Classification: 60G

1. INTRODUCTION

Arginine vasopressin may play a critical role
in regulating hypothalomic pituitary adrenal (HPA)
responses to chronic stressors[1]. When chronically
self-administered, nicotine appears to function as a
stressor,e.g.,14-25d unlimited access nicotine self-
administration ~ (SA)  persistently  stimulated
norepinephrine release, in both PVVN [7].

Stress is a well known risk factor for the
development and maintenance of smoking. However,
whether smoking itself affects the response to
stressors is controversial, because both reductions
and increases in stress levels have been reported in
smokers [3][4][11]. Data from several sources
suggest that increased stress hormones secretion is in
fact potentially dangerous, since, if it lasts too long or

Is repeated too often, it may cause functional
disturbances in various organs and organ systems
which, in turn, may lead to disease. It seems
reasonable to regard the duration of the response
evoked by temporary disturbances in daily life as a
key determinant of their potential harmfulness. Since
every biological organ system is homeostatic, it is
quite natural to assume that some reset due to
relaxation, or rest takes place. Here, we have
discussed the process in which magnitude of the
stress effect i.e. Arginine vasopressin (A,) and the
corresponding time epoch T, are independent.
Consider a stochastic clearing system in which
constant demand occurs at random epochs. |If
accumulated quantity of stress effects reaches the
demand level before at random epochs, renewal for
homeostatic system is needed and the demand is
fulfilled when it occurs. On the other hand if the
accumulated quantity is insufficient to satisfy the
demand, a severe penalty may be imposed [12,14] .

Corticotropin Releasing Factor (CRF) and
arginine vasopressin (AVP), both synthesized in
PVN, are the primary hypothalamic neuropeptides
regulating ACTH secretion during stress [8]. Under
specific conditions, CRF and AVP are co-synthesized
in parvocellular PVN (pcPVN) neurons and co
secreted from median eminence terminals. Chronic
exposure to homotypic stressors typically increased
pcPVN AVP mRNA levels, whereas CRF mRNA
showed varying responses depending on the stress
paradigm [1]. Furthermore, repeated stress increased
CRF neuronal numbers and terminals coexpressing
AVP, which may increase the AVP/CRF ratio in
pituitary portal circulation during response to a
heterotypic stressor.

Based on evidence that chronically self-
administered nicotine functions as a stressor, we
hypothesized that chronic nicotine SA would affect
CRF/AVP mRNA coexpression in pcPVN. Based on
our finding that chronic nicotine SA enhanced ACTH
response to a heterotypic stressor [2], we also
postulated that chronic nicotine SA would augment
activation of pcPVN neurons coexpressing CRF and
AVP in response to a novel stressor.
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Figure 1.1 : Comparison of daily lever presses
between adult male rat cohorts self administering
nicotine (nicotine SA; 30 g/kg per injection) versus
saline. The lever press records from the free-fed and
pair-fed saline SA groups were combined, because
active (F(1,9)=1.8, p>0.05) and inactive (F(1,9)=1.3,
p>0.05) lever presses were similar in both groups.
Rats self-administering nicotine pressed significantly
more on the active lever than the inactive lever
(F(1,12)=28.6, p<0.001) and also significantly more
than the active level presses of control saline SA
(F(1,16)=52.1, p<0.001). There were no significant
differences between the active versus inactive lever
presses of saline SA group (F(1,20)=1.3, p>0.05).

Lever presses and body weight gain during
nicotine SA

Adult male rats acquired nicotine SA (0.03
mg/kg body weight per injection, i.v.) without
previous training, priming, or food deprivation when
the drug was available 23 h/d, as shown previously.
Figure 1.1 illustrates the lever press record of all rats
that self-administered nicotine versus saline in both
experiments 1 and 3 (only unstressed groups);
Additionally, active lever presses were greater in
nicotine  SA  compared with saline SA
(F(1,16)=52.1,p>0.001), but there was no difference
in the inactive lever presses (F(1,16)=1.8, p>0.05).
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Figure 1.2: There was a significant effect of
treatment on food intake, in that nicotine SA rats (and
their matched pair-fed saline SA controls) ingested
less food than free-fed saline SA rats (F(1,6)=8.4 and
17.7, respectively, p<0.05).

A: Desensitization of ACTH response to nicotine SA:
Day 1: ACTH 4
Day 3: ACTH-- NC

B: Changes in PVN mRNA expression and HPA
stress responsiveness during chronic nicotine SA
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Figure 1.3: Schematic of PVN neuroadaptive
changes and HPA axis responses during nicotine SA.
A, Effects of nicotine SA per se on ACTH secretion
during acquisition of the behavior on days 1 and 3
(NC, no change). B, Effects of chronic nicotine
SAonthe PVN expression of CRF and AVP mRNAs
in single- and double-positive neurons within pcPVN
and mcPVN and on the ACTH response to mFSS.
Chronic nicotine SA increased (1) the number of
CRF+/AVP+neurons, the number of such neurons
activated by mFSS (cFos+/CRF+/AVP+), and the
ACTH response to mFSS.
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2. NOTATIONS — .
A, : The magnitude of AVP secretion at n" M(t) = Ogl S\),((t){A‘} with
Stochastic clearing epoch. —

Th : The time interval between two consecutive Ah =V (Tn), n=12

stress effects. T . .
N(t) . Counting process associated with the The following modified stochastic clearing

o]

renewal sequence {Tn }0

Z={z (), t >0}, such that z(0) = 0 : Non decreasing
continuous time
stochastic process.

V() =1z(t) - zzyq i—0
M(t) = max {A}
I:A,T (a1t) : Common cumulative distribution

function of the correlated
pairs of renewal sequences (A, Tn)
F (1), F.(a) The corresponding marginal
distributions functions.

3. MATHEMATICAL MODEL
The organ system received an input
overtime according to a non decreasing continuous

time Stochastic process Z ={Z(t),t Z0} such

that z(0) = 0 probability 1 and z(t) is the
cumulative stress effect up to time t.
At epochs
n
T ST5" T, SR | T :ZTi
i=0

The quantities accumulated are
instantaneously cleared due to homeostatic organ
system. (by relaxation and refreshment ).

Let V(t) be the quantity in the system at time
t.

V() =z(t) - Z(TN(t))l

- 00
Let {V (Tn)}l be a renewal sequence.

t>0

- (o]
The renewal property for {V (Tn)}l may be
achieved by having the epochs to
Ty TorTapenneienns oo to coincide with certain
regeneration points of z. However, it should be noted
that  V(zn) and T, will be correlated. The
maximum quantity cleared upto time t is

system is of practical interest. The quantity of AVP
accumulates constantly over time at a constant rate.
i.e.

V(za),=T,, n=12.......

Due to the constraints imposed on external
demands, it is assumed that the quantity that could be
secreted used at each clearing is limited. Let this
quantity called capacity (due to adaptation), be C, at
the n™ clearing epoch. Then the actual quantity that is
put to productive use at the n™ clearing is

A, = min {V(;n) ,Chn
=1,2....

o0
If {Cn }1 is a renewal sequence, so is {An }f
Let

F.(a)=P[C, <a]
Then

F.r(@t)=F(), t<a

R (a)+(F () -Fr (@), (;), t>a

Let W(2) =
tl__)Eo P[V (t) < Z], 220 be the steady state

probability distribution function of V(t). In this case,
we can obtain the first passage time for the cleared
quantity to exceed a level z.

4. SPECIAL CASE

Suppose both I:T () and Fc () are
exponentially distributed with mean
(1/ z¢)and (1/2) respectively.
Then

For(at)=1-e™, axt

1-e e (l-e®)e™ a<t
(A1)

is a bivariate exponential distribution
The marginal distributions are

F(t)=1-e*, t=>0

F.(@)=1-e**? a>0
. (42)
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Substituting

G.i(z,5) = Te—st [o/et][F.  (z.t) ot

L [1 _ e-(s+/1+ﬂ)z]

U+s
in
wi(9)=-CaZ3)pe6)20
1-G,(z,5)
B 7, e—(s+l+,u)z
S_|_Iuef(s+ﬁ+y)z s
Re(s)>0
Th_en
W, (s) =(U/'){ 1-w; (5)}
= [1/(u+ 9)]
w, (S) - 1 1 -1_ e—(s+ﬂ+y)z-
H+S
o (43)

Inverting we can get the survival function.

5. RESULTS
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Fig 5.1: A = 5.3971
1n=0.32633

p=1.4330 ; A = 5.5109
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Fig 5.2 : A = 5.2687
p=1.1408

n=1.0656 ; L = 5.2471

6. CONCLUSION

In conclusion, chronic nicotine usage
significantly decreased CRF and increased AVP,
MRNA expression, increasing their co-localization in
pcPVN. The phenotypic changes in pcPVN neurons
may be involved in desensitization of HPA responses
to nicotine stimulation. In the mathematical model,
corresponding mean values of Daily lever presses in
saline active and nicotine active are fitted with the
model of stochastic clearing system. The plots of the
survival function for various values of z, A and p are
given in Fig 5.1 and 5.2. Therefore the survival
function of the cumulative distribution of lever press
in the case of nicotine active is always less than
corresponding function of lever press of saline active.
Similar cases for food intake also.
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