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Abstract: 
     Ghrelin is a novel peptide that acts on the growth hormone (GH) secretagogue 
receptor in the pituitary and hypothalamus. It may functions as a third physiological 
regulator of GH secretion, along with GH-releasing hormone and somatostatin. In addition 
to the action of ghrelin on the GH axis, it appears to have a role in the determination of 
energy homeostasis. Although feeding suppresses ghrelin production and fasting 
stimulates ghrelin release, the underlying mechanisms controlling this process remain 
unclear. Our data suggest that insulin may suppress circulating ghrelin independently of 
glucose, although glucose may have an additional effect. This paper presents an extended 
model that addresses this practical situation and allows for preemptive corrective actions. 
The purpose of this study was to estimate the influence of insulin on circulating ghrelin 
using gamma distribution with the help of growth model. 
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Introduction:  
      Ghrelin is a novel peptide that acts on the growth hormone (GH) secretagogue 
receptor in the pituitary and hypothalamus, possibly functioning as a third physiological 
regulator of GH secretion along with GH releasing hormone (GHRH) and somatostatin. 
In addition to the action of ghrelin on the GH axis, it appears to have a role in the 
determination of energy homeostasis [1-2] & [3]. Ghrelin acts as an orexigenic hormone, 
stimulating both neuropeptide Y (NPY) and agoutirelated peptide, and thus feeding [4 & 
6].  
 Although feeding suppresses ghrelin production and fasting stimulates ghrelin 
release, the underlying mechanisms controlling these processes remain unclear [12 & 
13]. This relationship is the opposite of that seen with leptin [14], which has been 
shown to be increased by insulin [14]. Specifically, the roles that alterations in plasma 
glucose and insulin have in regulating ghrelin secretion have not been established. The 
purpose of this study was to estimate the influence of insulin on circulating ghrelin 
using gamma distribution with the help of growth model.  
 In today’s environment of compressed schedules and limited testing, every 
opportunity to identify and correct reliability deficiencies in a new design is a prime 
objective.  A metric for tracking system reliability before development testing based on 
preemptive corrective actions for potential problem modes is discussed [9].   
 In the test fix test strategy problem modes are found during testing and corrective 
actions for these problems are incorporated during the test.  For the test-find-test 
strategy problem modes are found during testing but all corrective actions for these 
problems are delayed and incorporated after the completion of the test. 
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Background on the Widely Used Test Fix Test and Test Find Test Models: 
 To lay the groundwork for the Extended Model we first give some background on 
the two widely used basic models.  For reliability growth during test-fix-test 
development testing states that the instantaneous system MTBF at cumulative test time 
t is  
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Where 0 <  and 0 <   are parameters.  The Non-homogeneous Poisson process (NHPP) 

with intensity in [10] is defined by 

                                                                
1( )r t t                                                                              (2) 

 Thus allowing for statistical procedures based on this process for reliability 
growth analyses.  This model is applicable to text-fix-test data not test-fix-find-test.  
Estimation procedures, confidence intervals, etc, in [11].  
 The parameter   is referred to as the scale parameter and β is the shape 
parameter. For   = 1, there is no reliability growth.  For  < 1, there is positive 

reliability growth.   
 That is, the system reliability is improving due to corrective actions.  For  >1, 

there is negative reliability growth.  
 The basic model the achieved or demonstrated failure intensity at time T, the end 
of the test is given by r (T).  We denote the achieved failure intensity by  

                                                                   CA = r(T)                                                                               (3) 

     Suppose a development testing program begins at time 0 and is conducted until 
time T and stopped.  Let N be the total number of failures recorded and let 0 < X1< X2< 
……. XN< T denote the N successive failure times on a cumulative time scale.  We assume 
that the NHPP assumption applies to this set of data in [7].   
 Under the basic model the maximum likelihood estimates for   and   

(Numerator of MLE for  adjusted from N to N-1 to obtain unbiased estimate) are  
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If it is assumed that no corrective actions are incorporated into the system during  < 1 

the test and then this is equivalent to assuming that for  CA    and  CA  is estimated in 

[7 & 8].  The estimated projected failure intensity 
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The extended model projected failure intensity is  
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The extended model projected MTBT is 
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Example: 
Eleven young adult volunteers (9 women, 2 men) participated in the study. The 

age of the subjects was 24 ± 4 yr (range 18–31 yr), and the body mass index was 22.1 ± 
2.8 kg/m2 (18.4–26.6 kg/m2). All subjects were healthy and taking no medication. They 
were instructed to maintain their normal physical activity and to consume a normal diet 
containing ≥200 g of carbohydrate for 3 days before the study. Before the study, a small 
Teflon catheter was inserted into an antecubital vein for infusion of insulin and glucose. 
A second catheter was inserted in a retrograde direction into a wrist vein in the 
opposite arm for blood sampling. This was kept patent with a slow infusion of isotonic 
saline. The hand was then placed in a heated box to achieve a temperature of 65°C to 
obtain arterialized blood through the wrist catheter.  

After a baseline period of 1 h, a three step euhypohyperglycemic glucose clamp 
was then performed [4]. A primed continuous infusion of insulin was administered at a 
rate of 1 mU-1kg-1 min-1. Each step of the study was maintained for 60 min, with a 15-
min period of adjustment between steps. Throughout the study, plasma glucose 
concentrations were monitored every 5 min and used to regulate plasma glucose by the 
adjustment of a variable infusion of 20% dextrose. Plasma glucose was maintained at 90 
mg/dl during the euglycemic phase of the study, at 50 mg/dl during hypoglycemia, and 
at 160 mg/dl during hyperglycemia. Two samples for measurement of insulin, GH, and 
ghrelin were taken in the hour preceding the study and repeated during the three steps 
of the clamp procedure. The glucose and insulin data from these studies are included in 
another study that examined the accuracy of glucose sensor measurements [6]. 

 
Figure (1): Insulin concentrations 

during a stepped euhypohyperglycemic 
glucose clamp. 

 
Figure (2): Insulin concentrations 

during a stepped euhypohyperglycemic 

glucose clamp  

(Using Gamma Distribution) 

Conclusion: 
It has been repeatedly demonstrated that circulating GH levels are reduced in 

obese subjects who are insulin resistant and hyperinsulinemic. We have reported that 
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such compensatory hyperinsulinemia suppresses IGF-binding protein-1 levels, which in 
turn may lead to increased bioavailability of free IGF-I and feedback suppression of GH 
secretion. It is intriguing to speculate that insulin-induced suppression of ghrelin may 
also play a role in the reduction in GH secretion observed in obesity. Growth model with 
gamma distribution gives the same as the medical report. There is no significance 
difference between medical and mathematical reports. The medical reports are 
beautifully fitted with the mathematical model. Hence the mathematical report {Figure 
(2)} is coincide with the medical report {Figure (1)}. At the completion of the reliability 
growth test, it concludes that from {Figure (2)}, the results coincide with the medical 
findings. 
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