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Figure 1. Interrelationship among model compartments in several tissues of dairy cow along
with stimulatory and inhibitory effects on each other
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Table 1. Accepted amounts of variables for Propionate, Lactate, Alanine, Glucose, Insulin and milk
production for using in the process of model validating from Reynolds et al., (2003)
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Days based on parturition .
-19 -9 11 21 83 Variable
mmol lit) et
60.5 52.5 96.1 94.7 926 84.9 ( _ )l
Propionate
(mmol lit) sy
0.372 0.361 0.280 0.259 0.286 0.375
Lactate
(mmol lith) Vi
0.200 0.189 0.180 0.203 0.215 0.243 T
Alanine
mmol lit?) 5,1
3.53 3.51 3.03 3.23 3.24 3.45 ( )58
Glucose
mmol lit?) . J .
0.094 0.076 0.037 0.044 0.059 0.081 ( _)U’J}w
Insulin
kg day™) .z g
0 0 36.4 413 43.1 40.7 G AaY™D) ot 5

Milk Production
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Table 2. Accepted amounts of variables for Growth Hormone and IGF-1for using in the process of model
validating from Reynolds et al., 2003
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Table 3. Accepted amounts of Estradiol and Progesterone 1for using in the process of model validating from
Radcliff et al., 2003
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Table 4. Interpolating process over model simulation based on used variables in the system

S R R IF;Fil <L oSy oo s ”"Jj

o et 05t o Sy o5t Blood ik ”; d’ R

Blood Pancreatic Blood Blood Blood Blood Alanine  Production 0o Day
Glucose Insulin Insulin IGF-1 Propionate Lactate H(?:)rr?nV\gtrTe
2.95427 0.0001598 0.017652 45.89001 99.58678 0.275465 0.11471 19.99302 8.202629 1
2.98355 0.0002002 0.028525 40.67096 98.1483 0.275568 0.161375 30.89579 8.284227 6
3.02947 0.0002149 0.036013 38.03844 96.80507 0.276176 0.1803 36.4000 8.361189 11
3.08103 0.0002239 0.042037 36.65914 95.551 0.277785 0.192584 39.48837 8.433212 16
3.13228 0.0002303 0.047138 36.00000 94.38059 0.280851 0.201637 41.3000 8.500000 21
3.18013 0.000235 0.051579 35.80862 93.28892 0.285679 0.208734 42.3633 8.561276 26
3.22327 0.0002386 0.055519 35.95241 92.27154 0.292327 0.214504 42.95626 8.616776 31
3.26141 0.0002414 0.05906 36.35746 91.32441 0.300559 0.219307 43.2387 8.66626 36
3.29478 0.0002437 0.062273 36.98176 90.44392 0.3099 0.22337 43.30867 8.709506 41
3.32384 0.0002456 0.065213 37.8024 89.62677 0.319751 0.226848 43.22947 8.746319 46
3.34911 0.000247 0.067921 38.80894 88.87001 0.329533 0.229847 43.04361 8.776531 51
3.37109 0.0002482 0.070428 40.00000 88.17095 0.33879 0.23245 42.78056 8.800000 56
3.39027 0.0002491 0.07276 41.38145 87.52718 0.347228 0.234717 42.46126 8.816618 61
3.40705 0.0002497 0.074938 42.96572 86.93652 0.354711 0.236695 42.10097 8.826305 66
3.42178 0.0002502 0.076979 4477178 86.39702 0.361213 0.238423 41.71094 8.829017 71
3.43476 0.0002506 0.078898 46.82574 85.90693 0.366788 0.239932 41.29963 8.82474 76
3.44625 0.0002508 0.080708 49.16208 85.46467 0.371526 0.241247 40.87347 8.813494 81
3.45645 0.0002509 0.082418 51.82562 85.06887 0.375532 0.24239 40.4374 8.795333 86
3.46555 0.0002508 0.084039 54.87435 84.71829 0.378913 0.243377 39.99522 8.770342 91
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Figure 2. Fitting of the differential equation of blood glucose on its empirical data per time unit.
The green line represents empirical data fitting and the blue line is referring to the equation solution.
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Figure 3. Simulation result of pancreatic insulin changes trend prediction and the curve fitting of its
equation solution ( the green line) for pancreas and the empirical data function ( the blue line) on each other.
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Figure 4. Simulating of insulin in general blood circulation in dairy cow
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Figure 5. Simulating of IGF-1 changes in blood by using the solution of differential
equation and empirical data.
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Abstract

Background: During the last few decades, there has been an increase in the development of
mathematical models, as both research tools and management tools that can integrate our
current knowledge of reproductive events and then would be helpful in predicting the
reproductive efficiency of farm animals. This paper presents a conceptualized mathematical
modeling of hormonal and metabolites interactions over non-estrous and negative energy
balance phase in dairy cow. Anestrus occurs annually and after each calving. The anestrus
period in high milk-producing cows due to the negative balance of energy produced by high
milk production in the first few days after parturition is a constant challenge in the modern
world of dairy cow worldwide. For this reason, many scientific efforts have been made to
explore the biological aspects of this phase. Due to the complexity of the existing relationships
between effective parameters, descriptive-analytical biological analyses have not succeeded in
elucidating this biological system. In this research, it was attempted to look at the elaborating
factors playing in this phase, at same time, it was tried to pinpoint and explore this phase from
biological system perspective.

Material and Methods: In the present study, first diverse information on the various aspects of the
factors affecting on the postpartum negative balance of energy and reproduction performance of
dairy cows were initially collected. Then, this information was converted to their sound
mathematical equations. Efforts have been made to simplify the long and unprocessed equations
from well-known factors including liver glucose, blood glucose, pancreatic insulin and blood insulin,
IGF-1 liver and blood, and hypothalamic GnRH affecting on this biological phase to be simplified
using ordinary differential equations.

Findings: By using the data published in the scientific articles and expanding them by using
Curve Expert software, the computer simulation process was performed by MATLAB software
(Version 9.1) and the predictive models were developed for some system parameters.

Conclusion: The results showed that the system of ordinary differential equations was able to
predict good blood glucose (AARD = 0.388) and insulin (AARD% = 0.638), but they were not
able to provide accurate predictions for pancreatic insulin and blood IGF-1. The present model
was a starting point to reach a comprehensive model which should be completed gradually. In
this model, it was tried to use empirical data from reliable sources in simulation model, a matter
that was more or less successful in this research.

Keywords: Dairy cattle, Negative energy balance phase, Ordinary differential equations,
Hormone.
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