




















































http://www.cellsignalling.com/








































































 

 

47 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Figure 4.4 Neonatal skeletal muscle IRα immunoreactivity. (A), Neonatal skeletal muscle immunostained with anti-IRα in Control (Ai), 

20F (Aii), 30F (Aiii) and 40F (Aiv); (B), Neonatal hepatic IRα immunoreactivity. Data are means ± SEM. n = 6 for immunoreactivity. 

Control; 20F, 20% fat diet; 30F, 30% fat diet; 40F, 40% fat diet.
 *
p<0.05 vs. control. 
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Figure 4.5 Neonatal hepatic IRS2 immunoreactivity. (A), Neonatal liver immunostained with anti-IRS2 in Control (Ai), 20F (Aii), 30F 

(Aiii) and 40F (Aiv); (B), Neonatal hepatic IRS2 immunoreactivity. Data are means ± SEM. n = 6 per group. Control; 20F, 20% fat diet; 

30F, 30% fat diet; 40F, 40% fat diet.
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Figure 4.6 Neonatal skeletal muscle IRS2 immunoreactivity. (A), Neonatal skeletal muscle immunostained with ant-IRS2 in Control (Ai), 

20F (Aii), 30F (Aiii) and 40F (Aiv); (B), Neonatal hepatic IRS2 immunoreactivity. Data are means ± SEM. n = 6 per group. Control; 20F, 

20% fat diet; 30F, 30% fat diet; 40F, 40% fat diet. 
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Figure 4.7 Neonatal hepatic and skeletal muscle PI3K-p110α immunoreactivity. (A), 

Neonatal hepatic PI3K-p110α immunoreactivity; (B), Neonatal skeletal muscle PI3K-p110α 

immunoreactivity. Data are means ± SEM. n = 6 per group. Control; 20F, 20% fat diet; 30F, 30% 

fat diet; 40F, 40% fat diet. 
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4.2 PILOT STUDY  

4.2.1. Maternal food intake and body weight and litter size  

There were no differences in maternal calorie intake and body weights throughout gestation and 

on the day of delivery or in litter size amongst the groups (Table 4.8). Further, there were no 

differences in maternal liver, heart, brain and pancreas weights amongst the groups (Table 4.8). 

 

Table 4.8 Maternal food intake and body weight during gestation, organ weights and litter 

size 

Parameter Control Control-Al HFD HFD-Al 

Calorie intake 

(Kcal/g) 

        

Week 1 (e0-e7) 1691 ± 57.33 1671 ± 63.54  1723 ± 90.58 1900 ± 137.3 

Week 2 (e8-e14 1570 ± 42.58 1688 ± 35.79 1715 ± 44.25 1611 ± 63.81 

Week 3 (e15-e21) 1510 ± 52.05 1467 ± 50.98 1538 ± 58.09 1640 ± 85.32 

Overall (Kcal/g) 4771 ± 151.96 4826 ± 150.31 4976 ± 192.92 5151 ± 286.43 

Body weight (g)         

Week 1 (e7) 261 ± 6.35 2720 ± 6.99 282 ± 2.34 285 ± 12.71 

Week 2 (e0) 295 ± 7.35 303 ± 6.72 315 ± 6.72 318 ± 12.53 

Week 3 (e20) 356 ± 12.86 369 ± 5.69 382 ± 20.84 395 ± 16.20 

Day of delivery  267 ± 12.74 300 ± 18.42 304 ± 6.43 302 ± 14.11 

Organ weights (g)     

   Liver 10.01 ± 0.38 10.65 ± 0.45 11.18 ± 0.47 11.32 ± 0.47 

   Heart 0.89 ± 0.08 0.91 ± 0.06 0.97 ± 0.02 1.12 ± 0.07 

   Brain 1.75 ± 0.05 1.82 ± 0.08 1.87 ± 0.02 1.79 ± 0.03 

   Pancreas 1.03 ± 0.10 1.34 ± 0.20 1.47 ± 0.12 1.25 ± 0.13 

Litter size 12.0 ± 0.95 11.2 ± 1.39 12.0 ± 2.04 12.8 ± 1.56 

Data are means ± SEM; n = 5 per group. Control; Control-Al, control-Aspalathus linearis; HFD, 

high fat diet; HFD-Al, HFD-Aspalathus linearis. All groups were compared with One-way 

ANOVA. 
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4.2.2. Maternal blood glucose, serum insulin and glucagon concentrations and homeostasis 

model assessment for insulin resistance (HOMA-IR) 

The HFD-Al mothers presented elevated blood glucose concentrations on day 20 of gestation 

compared to control mothers (Fig. 4.8A). There were no other differences in blood glucose 

concentrations throughout gestation (Fig. 4.8A) and on the day of delivery (Fig.4.8B). Further, 

on the day of delivery, there were no differences in serum insulin (Fig. 4.8C) and serum 

glucagon (Fig. 4.8D) concentrations and HOMA-IR (Fig. 4.8E).  
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Figure 4.8 Maternal blood glucose, serum insulin and serum glucagon concentrations, 

and HOMA-IR. (A), Maternal blood glucose concentrations during pregnancy; (B), Maternal 

blood glucose concentrations on the day of delivery; (C), Maternal serum insulin 

concentrations on the day of delivery; (D), Maternal serum glucagon concentrations on the day 

of delivery; (E), Maternal HOMA-IR on the day of delivery. Data are means ± SEM; n = 5 per 

group. Control; Control-Al, control-Aspalathus linearis; HFD, high fat diet; HFD-Al, HFD-

Aspalathus linearis. *p<0.05 vs. control. 
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4.2.3 Neonatal anthropometric measurements  

For each group of neonates, head length, width, circumference, crown-rump and crown-tail 

lengths were measured in millimetres (mm) (Table 4.9). The HFD-Al neonates had increased 

head length and width compared to control neonates. The head circumference of HFD-Al 

neonates were increased compared to control and control-Al neonates also increased in HFD 

neonates compared to control neonates (Table 4.9). The crown-rump length and crown-tail 

length of Control-Al neonates were increased compared to control and HFD-Al neonates; the 

crown-tail length of the HFD-Al neonates was reduced compared to HFD neonates (Table 4.9).  

 

Table 4.9 Neonatal anthropometry (head length, width, circumference, crown-rump and 

crown-tail length)  

 Control Control-Al HFD HFD-Al 

Head length (mm) 15.4 ± 0.12 15.69 ± 0.15 15.7 ± 0.14 16.24 ± 0.22
*
 

Head width (mm) 12.47 ± 0.32  12.52 ± 0.17 12.74 ± 0.19 13.46 ± 0.32
*
 

Head circumference 

(mm) 

32.53 ± 0.32 33.04 ± 0.25 34.33 ± 0.29
*
 35.19 ± 0.49

*†
 

Crown-rump (mm) 41.33 ± 0.42 43.66 ± 0.69
*§

 41.93 ± 0.46 40.83 ± 0.23 

Crown-tail (mm) 58.59 ± 0.97  62.77 ± 0.88
*§

 61.5 ± 1.01 56.35 ± 0.70
‡
 

Data are means ± SEM; n = 24-31. Control; HFD, Control-Al, control-Aspalathus linearis; high 

fat diet; HFD-Al, HFD-Aspalathus linearis. 
*
p < 0.05 vs. Control, 

†
p < 0.05 vs. Control-Al, 

‡
p < 

0.05 vs. HFD, 
§
p < 0.05 vs. HFD-Al. All groups were compared with One-way ANOVA. 

4.2.4 Neonatal gender distribution, body weight and organ weights 

There was no difference in the distribution of male and female neonates between the groups 

(Table 4.10). Control-Al, HFD and HFD-Al neonates were all heavier than control neonates 

(Table 4.10). Brain weight was increased in the HFD neonates compared to control and Control-

Al neonates (Table 4.10). There were no significant differences in liver and pancreas weights 

amongst the groups. 
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Table 4.10 Neonatal gender distribution, body weight, and liver, brain and pancreas 

weights 

  Control Control-Al HFD HFD-Al 

Male (%) 59.46 ± 4.94 54.8 ± 7.64 40.63 ± 4.86 50.34 ± 2.16 

Female (%) 40.58 ± 4.95 45.2 ± 7.64 59.18 ± 4.88 49.66 ± 2.16 

Body weights 

(g) 

6.052 ± 0.10 6.595 ± 0.11
*
 6.831 ± 0.12

*
 6.665 ± 0.11

*
 

Liver (g) 0.223 ± 0.01 0.237 ± 0.01 0.243 ± 0.004 0.238 ± 0.01 

Brain (g) 0.244 ± 0.01 0.241 ± 0.01 0.274 ± 0.004
*†

 0.252 ± 0.01 

Pancreas (g) 0.025 ± 0.003 0.02 ± 0.001 0.024 ± 0.003 0.026 ± 0.01 

Heart (g) 0.89 ± 0.08 0.91 ± 0.06 0.97 ± 0.02 1.12 ± 0.07 

Data are means ± SEM; n = 24-31). Control; Control-Al, control-Aspalathus linearis; HFD, high 

fat diet; HFD-Al, HFD-Aspalathus linearis. 
*
p < 0.05 vs. Control, 

†
p < 0.05 vs. Control-Al. All 

groups were compared with One-way ANOVA. 

 

4.2.5 Neonatal blood glucose and serum insulin concentrations and HOMA-IR 

HFD and HFD-Al neonates had reduced glucose concentrations compared to control and 

Control-Al neonates (Fig. 4.9A). There were no significant differences in serum insulin 

concentrations (Fig. 4.9B) or HOMA-IR (Fig. 4.9C) amongst the groups. There were insufficient 

sera volumes for the determination of glucagon concentrations. 
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Figure 4.9 Neonatal blood glucose and serum insulin concentrations and HOMA-IR. (A), 

Neonatal blood glucose concentrations; (B), Neonatal serum insulin concentrations; (C), 

HOMA-IR in neonates. Data are means ± SEM. Control; Control-Al, control-Aspalathus 

linearis; HFD, high fat diet; HFD-Al, HFD-Aspalathus linearis.
 *

p<0.05 vs. control; 
†
p<0.05 

vs. Control-Al.  
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CHAPTER 5 

DISCUSSION 

 

5.1 Introduction to the main study 

In our previous studies, the 20F neonates had elevated blood glucose concentrations compared to 

control neonates but this did not reflect hyperglycaemia as it was within the physiological range 

(Cerf et al., 2011). The serum insulin and glucagon concentrations remained unaltered (Cerf et 

al., 2011). We further investigated neonatal brain glucose transporter 2 (GLUT2) and 

neuropeptide Y expression. Both the 30F and 40F neonates displayed increased brain GLUT2 

and neuropeptide Y immunoreactivity (Cerf et al., 2010) which may represent early events in the 

development of obesity and T2D. Hepatic GLUT2 and glucokinase (GCK) mRNA expression 

and immunoreactivity showed no significant differences amongst the groups (Cerf et al., 2011). 

This prompted further studies on foetal programming of metabolic disease. The present study 

therefore aimed to investigate the effect of gestational maternal diets varying fat (as energy) on 

proximal hepatic and skeletal muscle insulin signalling in neonatal Wistar rat offspring 

specifically focusing on IRα, IRS2 and PI3K-p110α.  

5.1.1. Skeletal muscle  

Skeletal muscle is the major site for insulin stimulated glucose uptake (Lin and Sun, 2010). The 

development of insulin resistance in skeletal muscle is critical in the pathogenesis of T2D (Yan 

et al., 2011). Foetal life is important for skeletal muscle development; after birth there is no net 

increase in the number of muscle fibers (Nissen et al., 2003). Late foetal life is also important for 

adipogenesis which may increase intracellular adipogenesis in skeletal muscle leading to insulin 

resistance (Du et al., 2010). Abnormal skeletal muscle development has been reported in several 

studies; offspring from mothers fed a cafeteria during gestation and lactation had reduced 

myocyte proliferation and insulin receptor mRNA expression (Bayol et al., 2005). In this study, 

neonates from mothers fed a 30% fat (30F) or 40% fat (40F) fat diet during gestation had a 

reduced IR and PI3K mRNA expression compared to neonates from mothers fed a 20% fat (20F) 

diet. These findings suggest compromised proximal insulin signalling, at the gene level, in 30F 
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and 40F neonates relative to 20F neonates. In skeletal muscle, reduced PI3K-p110β mRNA 

expression was reported in female offspring from obese mice (Shelley et al., 2009).  

In the present study, the 30F and 40F neonates had a reduced IRα immunoreactivity compared to 

control neonates with no significant changes in both IRS2 and PI3K-p110α immunoreactivity. 

The reduced IRα immunoreactivity may reflect impaired skeletal muscle proximal insulin 

signalling in 30F and 40F neonates. A decline in IR autophosphorylation of IRS1 and PI3K-p110 

phosphorylation suggests impairment in early events of the insulin signalling pathway in high fat 

fed animals (Hansen et al., 1998). 

The present study did not investigate IRS1 mRNA and protein expression but instead focused on 

IRS2. IRS2 was initially identified as an alternative in animals with IRS1 defects (Sesti et al., 

2001). Both IRS1 and IRS2 may regulate unique signalling pathways in different tissues but both 

mediate metabolic pathways (Sesti et al., 2001). Based on the results obtained, further 

investigation on the phosphorylation of these insulin signalling cascades is warranted. In 

addition, the programming effects of maternal fat diets on offspring physiology and metabolism 

should be gender specific. 

5.1.2. Liver 

Offspring from mothers fed a “junk” diet had reduced hepatic IR and IGF mRNA expression 

with reduced hepatic IRS2 and GLUT2 mRNA expression compared to control offspring (Bayol 

et al., 2010), which was indicative of hepatic insulin resistance. We previously found no 

significant changes in both hepatic GLUT2 and GK mRNA expression and immunoreactivity 

(Cerf et al., 2011). In the present study, no changes in hepatic IR and IRS2 mRNA expression 

were found. However, hepatic IRα immunoreactivity was reduced in 40F neonates compared to 

control and 20F neonates which may reflect impaired hepatic insulin signalling at the receptor 

level. Therefore proximal insulin signalling may be compromised thereby limiting the effect of 

insulin’s action in the liver. Specifically, reduced hepatic IRα immunoreactivity induced by high 

fat foetal programming may result in the inability of insulin to suppress hepatic gluconeogenesis 

thereby stimulating glycogen synthesis leading to hyperglycaemia and insulin resistance. 

However, there were no changes in glycaemia in 40F neonates (Cerf et al., 2011). β cell 
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compensation may prevent hyperglycaemia at the neonatal life stage but these neonates may be 

glucose intolerant. Further, with age, the adverse effects of foetal programming may become 

more profound particularly with additional insults such as prolonged high fat diet consumption. 

In rodents, offspring from high fat fed mothers showed reduced protein expression of hepatic 

IRβ and IRS1 but elevated protein expression of PKC-ζ, independent of hyperglycaemia 

(Buckley et al., 2005; Considine et al., 1995). Based on the results, further investigation on the 

phosphorylation of insulin signalling cascades, including PKC, PKB, DAG and ceramide is 

required to link the proximal and distal factors of insulin signalling.  

The RNA integrity number for all the liver samples was less than 6 (the quality standard) 

therefore the RNA integrity of the samples was degraded. New samples should be analysed by 

qPCR to validate the hepatic gene expression findings. Further, there was disparity between the 

mRNA and protein expression (immunoreactivity) in liver samples which may be due to 

stability, degradation or contamination of mRNA samples. The IR mRNA and IRα protein 

expression (immunoreactivity) were reduced in 30F and 40F neonates compared to 20F neonates 

reflecting some changes in gene expression. The IRS2 mRNA and protein expression were not 

altered in both liver and skeletal muscle.  

5.2. Maternal serum lipid profiles  

The current evidence shows that FFA are implicated in obesity, insulin resistance and type 2 

diabetes (Eckel et al., 2005). Endogenous fatty acids are the best biomarkers for FFA intake 

since they cannot be synthesised from carbohydrates (Riserus et al.,2009). The various FFA 

consumed by mothers during gestation play crucial roles in the growth and development of their 

foetuses. Maternal circulating FFA are correlated to the foetal circulating FFA with reduced total 

concentrations in foetuses relative to mothers (Cetin et al., 2002). Changes in maternal and foetal 

plasma FFA concentrations may lead to the development of metabolic disease including type 2 

diabetes. Animal studies demonstrated that insulin sensitivity is impaired by SFA and improved 

by PUFA (omega 3) (Siri-Tarino et al., 2010). In rats, SFA have shown to increase intramuscular 

palmitic acid (16:0) accumulation that may lead to insulin resistance in (Reynoso et al., 2003).  
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The present study investigated the changes in serum lipids of pregnant mothers fed diets varying 

in fat (as energy) throughout the gestation period. Previous studies have demonstrated that high 

fat diet fed rats exhibited a significant increase in total triglyceride and cholesterol 

concentrations compared to control rats (Srinivasan et al., 2008). In contrast, in our study, there 

were no significant changes in serum total triglyceride, cholesterol and FFA concentrations. 

Therefore we further investigated serum total and individual FFA composition.  

Previous studies in humans reported a positive association between serum FFA composition and 

diabetes, characterised by higher proportions of palmitic acid (16:0), dihomo-γ-linolenic (20:3 n-

6) and palmitoleic acid (16:1 n-7) in cholesterol esters with low proportions of linoleic acid (18:2 

n-6) (Coelho et al., 2011; Vessby et al., 1994). In this study, we found a reduction in total SFA 

composition in 30F and 40F mothers compared to control mothers. Further, circulating palmitic 

acid (16:0) and stearic acid (18:0) were not affected by diet varying in fat (as energy) in these 

mothers. We further investigated the palmitoleic (16:1 n-7)/palmitic (16:0) ratio which is a better 

marker for palmitic acid (16:0) intake via activity of desaturate enzyme (Warensjo et al., 2008). 

The serum palmitoleic (16:1 n-7)/palmitic (16:0) ratio was unaltered. However, circulating 

palmitoleic acid was reduced in both 30F and 40F mothers on day 14 of gestation. Therefore, a 

reduction in SFA and circulating palmitoleic acid may reflect transient improved insulin 

sensitivity in both 30F and 40F mothers at this specific time points in gestation.  

MUFA have been reported to improve insulin sensitivity and SFA reduced insulin sensitivity by 

24% compared to MUFA in overweight subjects (Riserus et al., 2009). The total MUFA and 

oleic acid (18:1 n-9) composition was increased in 40F mothers compared to both 20F and 30F 

mothers on the day of delivery with no detected changes in 40F mothers compared to control 

mothers. This may reflect improved insulin sensitivity at delivery in 40F mothers relative to 20F 

and 30F mothers.  

PUFA, particularity the omega-3 fatty acids docosahexaeonic acid (22:6 n-3) and 

eicosapentaenoic acid (20:5 n-3), have been reported to improve insulin sensitivity compared to 

SFA (Riserus et al., 2009). In high fat diet fed rats, dietary intake of medium and long-chain 

triglycerols ameliorated insulin resistance (Terada et al., 2012). This may be due to their greater 

oxidative rates compared to SFA (Coelho et al., 2011). Other studies have shown that FFA 
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oxidation increases proportionately with PUFA/SFA ratio (Bradshaw et al., 2009; Coelho et al., 

2011). In this study, the total n-3 PUFA was reduced in both 30F and 40F mothers on day 7 of 

gestation which may reflect insulin insensitivity in early gestation. On the day of delivery, the 

total n-3 PUFA remained reduced (albeit not significant) in 30F and 40F mothers. Linoleic acid 

(18:3 n-3) was also reduced in both 30F and 40F mothers on day 7 of gestation. On day 14 of 

gestation, docosapentaenoic acid (22:5 n-3) was reduced in 30F and 40F mothers. This reduction 

in total and specific n-3 PUFA may reduce insulin sensitivity of the mothers and developing 

foetus. However, the n-6 PUFA/n-3 PUFA ratio was not affected.  

5.3. Pilot study: Aspalatus linearis (green rooibos) 

The prevalence of T2D in children continues to increase globally. Maternal over-nutrition is 

associated with an increased risk of metabolic disease including T2D later in life. Rooibos tea is 

considered healthy and safe to drink during pregnancy due to the absence of alkaloids and low 

tannin content (Joubert et al., 2008). Rooibos tea contains several active compounds; one of the 

major active compounds is aspalatin, a flavanoid that is unique to rooibos and believed to be 

partially responsible for its hypoglycaemic effects (Son et al., 2012; Kawano et al., 2009). 

Aspalatin has been reported to improve glucose tolerance in vivo (Kawano et al., 2009). In this 

study, we assessed the therapeutic potential of Aspalatus linearis extract (aspalatin-enriched) on 

the programming effects of a high fat diet. The HFD-Al mothers had elevated blood glucose 

concentrations on day 20 of gestation; however this did not reflect hyperglycaemia as it was 

within the physiological range. The rooibos tea extract had no effect on maternal serum insulin 

and glucagon concentration. In addition, there were no differences in insulin sensitivity as 

estimated by HOMA-IR. Further, there were no changes in maternal calorie intake, body weights 

and organ weights (liver, heart, brain and pancreas). We also found no differences in litter size 

among the groups. These findings suggested that rooibos tea extract had neither harmful nor 

ameliorative effects in pregnant mothers.  

In the present study, HFD neonates had increased head circumference, brain weight and body 

weight compared to control neonates reflecting more rapid growth and development. Increased 

body weight in HFD neonates may reflect adiposity which should be investigated further. 

Offspring from rats fed a high fat diet (35% fat) during gestation displayed elevated FFA 
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concentrations which could lead to increased adiposity and insulin resistance late in life 

(McCurdy et al., 2009). The HFD-Al neonates were heavier than control neonates with no 

differences between HFD and HFD-Al neonates. Therefore Aspalathus linearis supplementation 

in offspring maintained on a high fat diet increased body weight and did not reduce body weight 

in high fat exposed neonatal progeny.  

The hypoglycaemic effect of aspalatin has been reported to be via AMPK activation to promote 

endogenous GLUT4 translocation in L6 myocytes (Son et al., 2012). However, the HFD and 

HFD-Al neonates displayed reduced blood glucose concentrations compared to control neonates. 

With the insult of high fat diet consumption, Aspalathus linearis treatment may therefore hold 

some glucose lowering potential. This should be confirmed in further studies. Serum insulin 

concentrations and HOMA-IR were not affected but these could potentially be altered as 

glycaemia fluctuates.  

ROS triggers insulin resistance (Kawano et al., 2009). By reducing oxidative stress, Aspalathus 

linearis may prevent peripheral and tissue-specific insulin resistance. In STZ-induced diabetic 

rats, rooibos tea partially ameliorated oxidative stress (Ulicna et al., 2006). Therefore oxidative 

stress should be assessed in foetal programmed progeny and their mothers.  
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CHAPTER 6 

CONCLUSION AND FUTURE WORK 

 

6.1 Study limitations 

A limitation of the present study was low sera volumes for maternal lipidaemia analyses as only 

total cholesterol concentrations were determined without measuring HDL and LDL cholesterol.  

The study could be strengthened by determining insulin signalling phosphorylation which 

reflects activity of these insulin signalling cascades and could reinforce some of the findings. 

Further, Western blot analyses could confirm our immunoreactivity findings.  

Gender specific programming effects also present a limitation as the physiological systems and 

hormones differ in males and females. 

6.2 Conclusion and future work  

The overall aims of the study was to investigate the effects of maternal diets varying in fat 

content on neonatal gene and protein expression profiles of proximal insulin signalling factors 

(IRα, IRS2 and PI3K-p110α) and to assess the therapeutic potential of Aspalathus linearis (green 

rooibos) on the programming effects of a high fat diet.  

Foetal high fat programming reduced neonatal IRα immunoreactivity in both the liver and 

skeletal muscle which may impair proximal insulin signalling in these organs at the receptor 

level. Further, skeletal muscle IR and PI3K mRNA expression were also reduced by high fat diet 

in the 30F and 40F neonates compared to 20F neonates. However, hepatic IR and IRS2 mRNA 

expression was not affected and further studies are needed. High fat diet had no effect of 

maternal circulating total FFA, triglycerides and cholesterol concentrations. The reduction in 

total and specific omega 3 fatty acids may have a negative impact on the insulin sensitivity of the 

mother and foetus.  

Aspalathus linearis had no effect of maternal serum insulin and glucagon concentrations. In 

addition, maternal calorie intake, body weight and organ weights (liver, brain and pancreas) were 
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not altered amongst the groups, suggesting that rooibos had neither harmful nor ameliorative 

effects pregnant mothers. The HFD-Al neonates were heavier than control neonates suggesting 

that rooibos treatment at the dose of 150 mg/kg had no ameliorative effect on the body weight of 

offspring from mothers fed high fat diet during pregnancy.  

Futures studies  

New samples should be analysed for qPCR to validate the gene expression findings of the 

present study. Based on the results obtained, further investigation on the phosphorylation of 

these insulin signalling cascades is warranted. In addition, the programming effects of maternal 

fat diet on offspring physiology and metabolism should be gender specific.  
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APPENDIX A 

HAEMATOXYLIN AND EOSIN STAINING OF NEONATAL LIVER AND SKELETAL MUSCLE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

 

Figure A.1 Morphological analysis of neonatal tissue using haematoxylin and eosin stain. (A), Neonatal liver, Control (Ai), 20F (Aii), 

30F (Aiii) and 40F (Aiv); (B), Neonatal skeletal muscle, Control (Bi), 20F (Bii), 30F (Biii) and 40F (Biv). Control; 10F, 10% fat diet; 20F, 

20% fat diet; 30F, 30% fat diet; 40F, 40% fat diet.  
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APPENDIX B 

 IMMUNOHISTOCHEMICAL STAINING FOR NEONATAL LIVER AND SKELETAL MUSCLE IRβ AND IRS1 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure B.1 Neonatal hepatic and skeletal muscle IRβ immunoreactivity. (A), Neonatal liver immunostained with ant-IRβ in Control (Ai), 

20F (Aii), 30F (Aiii) and 40F (Aiv); (B) Neonatal skeletal muscle immunostained with ant-IRβ in Control (Bi), 20F (Bii), 30F (Biii) and 40F 

(Biv). Control; 10F, 10% fat diet; 20F, 20% fat diet; 30F, 30% fat diet; 40F, 40% fat diet.  
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Figure B.2 Neonatal hepatic and skeletal muscle IRS1 immunoreactivity. (A), Neonatal liver immunostained with ant-IRS1 in Control 

(Ai), 20F (Aii), 30F (Aiii) and 40F (Aiv); (B) Neonatal skeletal muscle immunostained with ant-IRS1 in Control (Bi), 20F (Bii), 30F (Biii) and 

40F (Biv).Control; 10F, 10% fat diet; 20F, 20% fat diet; 30F, 30% fat diet; 40F, 40% fat diet. 
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APPENDIX C 

TOTAL RNA QUALITY CONTROL  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C.1 Total RNA quality control. (A) Liver samples; (B) Skeletal muscle samples 
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APPENDIX D 

 

Table D.1 Antibodies used in immunehistochemical (IHC) staining  

Antibody Clonality Company  

IRα (ab78424) Rabbit polyclonal Abcam, Cambridge, UK 

IRS2 (H-205) : (sc-8299) Rabbit polyclonal Santa Cruz Biotechnology, Santa 

Cruz, CA, USA 

PI3K-p110α (C73F8) Rabbit monoclonal Cell signalling Technology, 

Danvers, MA, USA 

IRβ (C-19) : (sc-711) Rabbit polyclonal  Santa Cruz Biotechnology, Santa 

Cruz, CA, USA 

IRS1 (1M92-7)  Mouse monoclonal  Millipore upstate, Singe Oak Drive, 

Temecula, CA, USA 
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Table D.2 Buffer and reagents used in IHC 

 

Reagent  Supplier 

0.05M Tris-Buffered Saline (TBS) pH 7.2  

Tris (hydroxymethyl aminomethan)   Merck 

Sodium chloride  Merck 

  

0.1M Phosphate Buffered Saline (PBS) pH 

7.2 

 

Sodium dihydrogen orthophosphate (NaH2PO4)  Merck 

Disodium dihydrogen orthophosphate 

(Na2HPO4) 

Merck 

Sadium chloride Merck 

Bovine serum albumen Merck 

Sodium azide Merck 

  

0.01M Citrate Buffer   

Citric acid (C6H8O7.H2O) Merck 

Tri-sodium citrate  (C6H5Na3O7.2H2O) Merck 

  

Liquid DAB + Substrate Chromagen System DAKO Corporation (Diagnostech) 

  

Normal Horse Serum (NHS)  

65µl NHS diluted in 1235µl 0.1M PBS pH 7.2  

  

Normal Goat Serum (NGS)  

 65µl NGS diluted in 1235µl 0.1M PBS  

  

Biotinylated anti-Mouse IgG Vector Labolatories 

Biotinylated anti-Rabbit IgG Vector Labolatories 

Vectastain ABC kit Vector Labolatories 
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