
  
 

 

The Pharmacokinetics and 
Metabolic Physiology of 

Leptin 
A thesis submitted for the degree of Doctor of 
Philosophy of the University of New England 

 
Robert Allan Hart, Bachelor of Science with Honours (First Class), UNE 

 

 

September 2015 

 

  

 



 
 

i 
 

Declaration 

I certify that the substance of this thesis has not already been submitted for any degree and is not 

currently being submitted for any other degree or qualification. 

I certify that any help received in preparing this thesis and all sources used have been acknowledged 

in this thesis. 

                              

Robert Allan Hart 

  



 
 

ii 
 

Acknowledgements 

I’m grateful for my supervisor Professor Jim McFarlane for always being enthusiastic about my 

project throughout my work. I have particularly enjoyed our informal and often tangential 

conversations that have provided levity, despite how my work may have been going. His critical 

feedback of my writing was invaluable and has helped me to improve my scientific writing. 

 

A big thank you goes to Ana Daniella Rojas for her support throughout this degree. Dani was also 

great in instruction on use of respirometry equipment and has great with proof reading. 

 

I’m fortunate to have shared offices with some great postgraduate students, especially Amged Mehdi, 

Iyrri Salvemini, Getachew Mohammed-Ali and Nassrin Musalam. We have had some thought 

provoking discussions and some disagreements, but have enjoyed all of it. More recently I have had 

the pleasure of getting to know Richard Charlesworth, Deb Carlson and from Zoology, Shannon 

Currie and Anna Doty have also provided much needed distractions away from study. 

 

I would like to acknowledge Dr Suresh Kumar, who helped me to understand the techniques involved 

in qPCR in work that was ultimately set aside. Suresh has also been great to work with in the 

laboratory, providing a friendly atmosphere. 

 

I also thank Dr Peter Wilson for help with dissection work related to the qPCR work, which was set 

aside. I also learned some other related techniques from Peter, which I have used since. 

 



 
 

iii 
 

I’m grateful to Mrs Janelle McFarlane for caring for the animals I have needed for my work and for 

always trying to accommodate my requests with supplying them. 

 

I’d like to thank Dr Gudrun Dieberg for giving me the opportunity to work at UNE and to develop my 

skills by working as a demonstrator and lecturer. Her friendly advice has been gratefully received. 

 

I’m grateful to Professor Fritz Geiser for the use of his respirometry equipment and for allowing me to 

tag along to his lab dinners and to enjoy the good wine he provided. 

 

Finally, I would like to thank my family for their support throughout my studies. They have been 

especially patient with my absence at various times due to laboratory work or writing.  



 
 

iv 
 

List of Contents 

Declaration ......................................................................................................................................... i 

Acknowledgements ........................................................................................................................... ii 

List of Contents ................................................................................................................................ iv 

List of Tables and Figures ................................................................................................................. v 

Abstract ............................................................................................................................................ ix 

Literature Review .............................................................................................................................. 1 

Leptin has Minimal Effects on Metabolic Rate in Mice .................................................................... 57 

Pharmacokinetics of Leptin in Female Mice .................................................................................... 78 

The Pharmacokinetics of Leptin in Male Mice ............................................................................... 106 

Leptin in the Reproductive Tracts of Mice: A Description of Minor Targets of Leptin ................... 134 

A Pharmacokinetic Model of Leptin Distribution ........................................................................... 159 

Leptin Pharmacokinetics: Links Between the Digestive Tract and Plasma ...................................... 186 

General Discussion and Conclusions ............................................................................................. 209 

 

 
 

  



 
 

v 
 

List of Figures 

Figure 1 – Representative profiles of oxygen consumption in mice. Left column – fed mice; right 

column – fasted mice. Animals were treated for 1 week with daily subcutaneous injections of PBS 

(top row), anti-leptin (middle row) or supraphysiologic doses of leptin (bottom row). The shaded part 

of the bar at the top of each panel indicates scotophase (1900 – 0700 h). .......................................... 73 

Figure 1 – Major targets for leptin in female mice after intravenous administration as the percentage 

of initial dose recovered from each tissue (GI Tract – gastrointestinal tract and contents; Other Tissues 

– Pooled data for brain, submandibular salivary glands, spleen, heart, lungs, ovaries, uterus and 

perirenal fat) .................................................................................................................................... 98 

Figure 2 – Radiolabelled leptin clearance from all examined tissues of female mice following 

intravenous administration presented as percentage of total administered dose with a second order 

exponential decay curve fit .............................................................................................................. 99 

Figure 3 – Radiolabelled leptin in the blood of female mice after intravenous administration measured 

as percentage of dose per ml with a second order exponential decay curve fit ................................. 100 

Figure 4 – Radiolabelled leptin after intravenous administration to female mice presented as 

percentage of administered dose per gram of tissue (A – Kidneys; B – Lungs; C – Skin; D – Liver; E – 

Perirenal Fat; F – Brain) ................................................................................................................ 101 

Figure 1 – Major targets for administered leptin in male mice measured as percentage of dose (GI 

Tract – gastrointestinal tract and contents, n = 0 for 120 min; Other tissues – pooled data for testes, 

epididymides, seminal vesicles, epididymal fat, heart, lung and brain; for blood 5 min n = 4, for 15, 30 

and 60 min n = 2, for 45 and 120 min n = 3) .................................................................................. 127 

Figure 2 – Total recovery of administered leptin from male mice with a second order exponential 

decay curve fit ............................................................................................................................... 128 

Figure 3 – Plasma clearance of administered leptin in male mice with a second order exponential 

decay curve fit ............................................................................................................................... 129 

Figure 4 – Radiolabelled leptin recovered per gram of tissue from male mice (A – Kidneys; B – 

Lungs; C – Muscle; D – Liver; E – Skin; F – Brain; Notes: Skin, 5 min n = 2, all other times n= 3; 



 
 

vi 
 

Muscle, 5 min and 120 min n = 1, all other time n = 3; Brain 15 min and 60 min n= 2, 30 min n = 1, 

45 min n = 4, 120 min no data) ...................................................................................................... 130 

Figure 1 – Total radiolabelled leptin recovered from reproductive tracts of mice (A – testes; B – 

epididymides; C – seminal vesicles; D – ovaries; E – uterus; Note: for epididymides 5 min n = 1, 15-

120 min n = 3; seminal vesicles 5, 45 min n = 3, other times n = 2) ................................................ 152 

Figure 2 – Radiolabelled leptin per gram of tissue in reproductive tracts of mice (A – testes; B – 

epididymides; C – seminal vesicles; D – ovaries; E – uterus; Note: for epididymides 5 min n = 1, 15-

120 min n = 3; seminal vesicles 5, 45 min n = 3, other times n = 2) ................................................ 153 

Figure 3 – Total radiolabelled leptin recovery from mouse tissues (A-C Male, D-F Female; A – heart; 

B – spleen; C – submandibular salivary glands; D – heart; E – spleen; F – submandibular salivary 

glands; Note: male spleen 5 min n = 4, 45 min n = 3 others n = 2; male salivary glands 5 min n = 1, 15 

and 60 min n = 3, others n = 2) ...................................................................................................... 154 

Figure 4 – Radiolabelled leptin recovered per gram of mouse tissue (A-C Male, D-F Female; A – 

heart; B – spleen; C – submandibular salivary glands; D – heart; E – spleen; F – submandibular 

salivary glands; Note: male spleen 5 min n = 4, 45 min n = 3 others n = 2; male salivary glands 5 min 

n = 1, 15 and 60 min n = 3, others n = 2) ........................................................................................ 155 

Figure 1 – A nine compartment model based on known tissue kinetics of leptin. The starred arrow 

represents the tracer entry site and the triangles mark compartments (tissues) that were sampled. The 

arrows between each compartment represent the fractional rate of transport from compartment j to 

compartment i. .............................................................................................................................. 176 

Figure 2 – WinSAAM prediction of leptin distribution. A – Blood; B – Skin; C – Liver; D – Kidney; 

E – Digestive Tract; F - Brain ........................................................................................................ 177 

Figure 1 – Radiolabelled leptin recovery from the digestive tract tissue and contents of male and 

female mice after intravenous administration (A-C Male, D-F Female; A – stomach; B – small 

intestine; C – hindgut; D – stomach; E – small intestine; F – hindgut; SI – Small Intestine, portions 

numbered 1 – 4 oral to aboral) ....................................................................................................... 206 



 
 

vii 
 

Figure 2 – Radiolabelled leptin distribution in male mice tissue and luminal contents after oral gavage 

(A – stomach; B – small intestine; C – hindgut; D – blood; SI – Small Intestine, portions numbered 1 

– 4 oral to aboral) .......................................................................................................................... 207 

 

  



 
 

viii 
 

List of Tables 

Table 1 – Mean (± SE) metabolic rates of mice (units are mlO2/g/h). Daily mean was calculated from 

1800 h to the termination of experiment. Minima and maxima are means of 30 min consecutive lowest 

and highest recorded values, respectively. Minima, maxima and area under the curve values are from 

Cluster Peak analysis. No significant differences were detected. ...................................................... 72 

Table 1 – Radiolabelled leptin pharmacokinetic parameters in female mice.................................... 102 

Table 1 – Summary of administered leptin kinetics in male mice ................................................... 126 

Table 1. Estimated fractional turnover rates (L(i,j); /min) from proposed leptin kinetics model fits to 

specific radioactivity versus time data when female mice were injected with 125I-leptin intravenously.

...................................................................................................................................................... 178 

Table 2. Steady state distribution of leptin calculated using the proposed model of specific 

radioactivity versus time data when female mice were injected with 125I-leptin intravenously. ........ 179 

 

  



 
 

ix 
 

Abstract 

Leptin is a cytokine hormone with multiple roles throughout the body. Previously leptin distribution 

and pharmacokinetics were poorly defined; here the pharmacokinetics of leptin has been examined in 

male and female mice at physiologic doses. These data were also used to create a predictive model for 

leptin distribution, allowing targeted research on leptin in the future. 

The relationship between leptin and metabolic rate had not been well characterised to date. To explore 

this further, mice were administered a supraphysiologic dose of leptin or an anti-leptin antibody to 

examine the effects on oxygen consumption using indirect calorimetry. The administration of anti-

leptin in fasted animals resulted in a modest, non-significant, reduction in oxygen consumption, 

whereas leptin prevented a reduction in metabolic rate. These data indicate that leptin has only a 

minor role in the regulation of metabolic rate. It may be that leptin is produced locally in peripheral 

tissues to exert an autocrine/paracrine effect, or perhaps in the central nervous system, both of which 

may maintain metabolic rate. These data, don’t preclude leptin from a role in the central nervous 

system, but indicate that circulating leptin has a limited role in regulating metabolic rate and that it 

may have other roles in peripheral tissues. 

To determine the targets of leptin, distribution of iodinated leptin was examined over a time course of 

120 min following physiologic doses in female and male mice. In both sexes major target tissues 

included the liver, kidneys, skin, and digestive tract. Notably, in the digestive tract there was a 

difference in the amount of leptin recovered between the sexes, with up to 12.8 % of the dose 

recovered in females and up to 23.2 % recovered from the digestive tract in males. These data seem to 

indicate a sexual dimorphism for leptin distribution, which may translate to functional differences 

between the sexes. 

Further examination of leptin distribution in both sexes revealed that the reproductive tract was a 

target tissue for circulating leptin in both sexes. In females, both the uterus and ovaries had a high 

recovery of administered leptin per gram of tissue, particularly in the first 30 min following 
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administration. In males, the amount of administered leptin recovered from the testes remained 

relatively stable over the duration of the experiment, but in both the seminal vesicles and the 

epididymides increases in the amount of leptin recovered were observed over the duration of the 

experiment. These findings indicate that leptin has an important role in reproductive physiology that 

has not been defined to date. 

Using the leptin distribution data generated in female mice, a nine pool pharmacokinetic model was 

created using WinSAAM to predict leptin movement between the tissue pools over 120 min. The 

pools were selected as the tissues that accumulated the most leptin in the distribution study, the brain 

was included as the major postulated target for circulating leptin and the gall bladder was included to 

better fit the predicted transfer of leptin into the digestive tract. Two more pools were also generated 

to better fit the data, ‘other’, which included reproductive and musculoskeletal tissues, and a ‘slow’ 

turnover pool, from which leptin did not re-enter circulation over the 120 min examined. Major 

targets for circulating leptin were predicted to be the ‘other’ (several combined minor tissues) and 

‘slow’ (a theoretical pool used to allow curve fitting), pools as well as the liver, kidneys and digestive 

tract. Major contributors of leptin to the circulation were predicted to be the liver, and skin, which 

may have represented enterohepatic circulation and subcutaneous adipose tissue, respectively. This 

initial model shows that more research is needed to fully elucidate the pharmacokinetics of leptin in 

the periphery. 

As the digestive tract had been identified as a major target for circulating leptin, leptin 

pharmacokinetics were examined over a 120 min time course following oral and intravenous 

administration. Leptin was found to enter the digestive tract intact following intravenous 

administration, and following oral gavage was also found to enter the circulation intact. Subsequent to 

administration via both routes, leptin in the digestive tract was found to move aborally, but < 1 % of 

the administered dose was eliminated in the faeces. These data indicate a novel property of leptin, that 

it is recycled between the circulation and the lumen of the digestive tract. This suggests that leptin 

may have major roles in the digestive tract. 
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This thesis provides the most comprehensive examination of leptin pharmacokinetics to date, 

describing the first comparison between females and males, the most detailed model for leptin 

pharmacokinetics developed to date and identifying novel cycling of leptin between the gut and the 

circulation. It identifies novel findings and provides new avenues for leptin research. 

  




