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Figure 26. UCP2 expression.  

Densitometry blot images of total AMPK expression in liver (A) and muscle (B) tissue of 

lean and obese; control and C. maculata treated rats. Expression was normalized to β-actin 

or β-tubulin. Graphical representation of densitometry results for liver (C) and muscle (D) 

is expressed as the mean ± standard error of mean (n=8). ***p < 0.0001.  

��

��

��

��



84 

 

     Table 9. Summary of Western blot results for liver tissue. 

Protein of 

interest 

†Expression 

Lean rats Obese rats 

Cafeteria diet 

(n=8) 

Cafeteria diet +  

C. maculata  

(n=8) 

Cafeteria diet (n=8) Cafeteria diet + 

C. maculata 

(n=8) 

tAMPK 112.8 ± 7.2* 115.4 ± 9.0 154.8 ± 13.7* 126.1 ± 6.7 

pAMPK 113.2 ± 5.6 120.0 ± 6.2 121.2 ± 5.8 117.0 ± 3.7 

PPAR-α 444.0 ± 38.0*** 331.6 ± 55.3 1387.4 ± 334.1*** 738.2 ± 75.36 

UCP-2 1541.1 ± 287.2 1605 ± 379.4 4604.1 ± 1057 4952.4 ± 1473 

PPAR-γ ND ND ND ND 

ACC ND ND ND ND 

†Expression was calculated by normalizing to β actin or β-tubulin  

Results are expressed as the mean ± standard error of mean 

ND indicates that the Western blot failed to identify the protein of interest 

* p < 0.05, *** p < 0.0001. 

 

Table 10. Summary of Western blot results for muscle tissue. 

Protein of 

interest 

†Expression 

Lean rats Obese rats 

Cafeteria diet (n=8) Cafeteria diet +  

C. maculata  

(n=8) 

Cafeteria diet (n=8) Cafeteria diet + 

C. maculata (n=8) 

tAMPK 1451.4 ± 335.5*††† 606.5 ± 49.4* 377.2 ± 66.9††† 421.3 ± 54.5 

pAMPK 246.2 ± 51.8***††† 46.2 ± 7.9*** 44.5 ± 5.9††† 48.0 ± 8.3 

UCP-2 937.7 ± 86.6***††† 337.6 ± 31.6*** 500.3 ± 66.1***††† 372.7 ± 53.1 

PPAR-α ND ND ND ND 

PPAR-γ ND ND ND ND 

ACC ND ND ND ND 

†Expression was calculated by normalizing to β-tubulin  

Results are expressed as the mean ± standard error of mean 

ND indicates that the Western blot failed to identify the protein of interest. 

*p < 0.05, ***
†††

p < 0.0001. 
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3.2.5 Other proteins investigated  

Investigation of the effect of Cyclopia maculata treatment on Peroxisome proliferator 

activated receptor gamma (PPAR) and acetyl CoA carboxylase (ACC) was unsuccessful. 

PPAR is the rate limiting transcriptional regulator involved in adipocyte differentiation 

and growth (Wu et al., 2010). Regulation of PPAR activity by pharmaceutical and 

phytochemical treatments decreases adipogenesis, triglyceride accumulation and body 

weight gain (Hwang et al., 2007). Western blot analysis of PPAR for liver and muscle 

tissue resulted nonspecific background binding with no quantifiable distinctive protein 

bands (Table 9 and 10).  

 

ACC is the rate limiting enzyme for the conversion of acetyl CoA to malonyl-CoA, either 

for fatty acid synthesis or inhibition of β-oxidation by the blocking of carnitine palmitate 

tranferase 1 (CPT1) (Coleman et al., 2002). Inhibition of ACC through its direct 

phosphorylation by AMPK reduces fatty acid synthesis and promotes the β-oxidation of 

long fatty acids and decrease body weight gain (Do et al., 2012). Western blot analysis of 

ACC for liver and muscle tissue was unsuccessful due to nonspecific background binding 

with no quantifiable distinct protein bands (Table 9 and 10). 

 

3.3 Phosphorylated AMPK ELISA  

An ELISA was used to confirm our Western blot results for phosphorylated (activated) 

AMPK. The ELISA measures the expression of AMPK phosphorylated at threonine 172 

and results are given relative to total AMPK. The ELISA therefore does not indicate 

absolute values of total and phosphorylated AMPK, but rather the ratio of pAMPK to 

tAMPK. 

 

ELISA confirmed Western blot results where a slight increase in the activation of AMPK 

was observed in the liver of lean (23.7 ± 7.0 vs. 22.1 ± 6.4) and obese rats (21.1 ± 6.6 vs. 

19.9 ± 4.3) after C. maculata treatment, although not significant (Table 11, Figure 27).   
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Due to financial constraints, only the muscle tissue of lean rats was investigated by 

ELISA. In contrast to Western blot analysis where C. maculata treatment decreased 

AMPK activation in lean rats (although not statistically significant), ELISA showed no 

effect (2.0 ± 1.1 vs. 1.7 ± 1.5) (Table 11, Figure 27).  

 

Table 11. ELISA results  

 

 Lean rats Obese rats 

CD (n=10) CD + C. maculata (n=10) CD (n=10) CD + C. maculata (n=10) 

Liver 22.1 ± 6.4 23.7 ± 7.0 19.9 ± 4.3 21.1 ± 6.6 

Muscle 1.7 ± 1.5 2.0 ± 1.1 ND ND 

The AMPKα [pT172] kit from Invitrogen is a solid phase sandwich enzyme linked 

immunosorbent Assay (ELISA). A monoclonal antibody specific to AMPKα is coated on 

a microtiter strip which binds to AMPKα protein in tissue lysates, trapping it to the 

microtiter strip. The addition of an antibody directed at AMPKα phosphorylated at 

Thr172 binds to the immobilized AMPKα protein if phosphorylated 
‡
Results are expressed as the average ± standard error of mean 

ND, not determined.  
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Figure 27. Phosphorylated AMPK [pT172] ELISA results. 

(A) Phosphorylated AMPK expression in liver (A) and muscle (B) of lean and obese 

Wistar rats. Results are expressed as the average ± standard error of mean. 
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3.4 Histological analysis of retroperitoneal fat of Wistar rats 

Haematoxylin and Eosin (H&E) staining of the retroperitoneal fat (RF) pads was 

performed to determine the effect of C. maculata treatment on fat accumulation and 

adipocyte morphology. Retroperitoneal fat is an important visceral fat depot store and is 

sensitive to the storage and release of fatty acids, thereby influencing their morphology 

and cell number (Bjørndal et al., 2011). Lipid metabolic regulatory effects of C. maculata 

could possibly be observed in the morphology and number of adipocytes in this active 

visceral fat depot.  

 

Cyclopia maculata treatment did not affect adipocyte size in lean (106397 ± 1993 vs. 

106779 ± 3758) and obese (102834 ± 1838 vs. 107612 ± 1393) rats (Table 12, Figure 28). 

 Adipocyte size was increased in obese compared to lean rats, but was not significant 

(Table 12, Figure 28).  

 

Cyclopia maculata treatment did not affect the number of adipocyte in lean (8.2 ± 0.9 vs. 

8.2 ± 1.2) rats; a slight increase in obese (8.0 ± 0.7 vs. 7.6 ± 0.4) rats, but it was not 

significant. The number of adipocyte observed in the retroperitoneal fat of obese was 

lower than that in lean rats, although not significant (Table 12, Figure 28).  

 

Table 12. Histological results of retroperitoneal fat. 

 

 Lean rats Obese rats 

CD (n=10) CD + C. maculata 

(n=10) 

CD (n=10) CD + C. maculata 

(n=10) 

Adipocyte 

size  

106779 ± 

3758 

106397 ± 1993 

 

107612 ± 

1393 

102834 ± 1838 

 

Adipocyte 

number 

8.2 ± 1.2 8.2 ± 0.9 7.6 ± 0.4 8.0 ± 0.7 

Results for adipocyte size are expressed as arbitrary units, while the number of adipocytes 

per microscopic field (average of 10 fields) is given. 

Results are expressed as the average ± standard error of mean 
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Figure 28. Histological results of retroperitoneal fat. 

Adipocyte size (A) and number (B) in the retroperitoneal fat pads of lean and 

obese Wistar rats fed the cafeteria with or without the C. maculata extract. Results 

are expressed as the as the average ± standard error of mean. 
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4. Discussion 

Natural plants and their phytochemicals possess a number of health effects including anti-

oxidant, anti-mutagenic, anti-inflammatory and anti-cancer properties, mediated by 

activating the AMPK signaling pathway (Hwang et al., 2009). The increase in AMPK 

expression and phosphorylation by phytochemicals including mangiferin, a constituent of 

C. maculata has been shown to regulate body weight gain by promoting lipid catabolism 

(Niu et al., 2012). Recent investigations in our laboratory have shown that a hot water 

extract of fermented C. maculata regulates lipid metabolism in vitro (Dhudia et al., 2013). 

Patel investigated the effect of C. maculata on diet-induced obesity in Wistar rats (Patel, 

2012). The aim of this study was to investigate whether C. maculata treatment in Wistar 

rats activates the AMPK signaling pathway. 

 

4.1 Protein optimization 

Protein lysate purity is important during Western blot analysis. Salts, debris and other 

impurities may impede the migration of proteins during SDS-PAGE (Westermeier, 2000). 

Furthermore, impurities may contain enzymes and compounds which degrade proteins. 

Impurities may also result in smearing of gels, hindering protein band visibility and 

density, thus causing bands to be indistinguishable, resulting in non-specific binding of 

antibodies to proteins of interest during western blot analysis 

 

Protein extraction was optimized by comparing two different lysis buffers and two 

different homogenization methods, and using two different tissues, liver and muscle. The 

protein yield of liver was significantly higher when the commercial lysis buffer was used 

compared to the in-house lysis buffer, with both methods of homogenization. The 

TissueLyser homogenization method was superior to the Polytron, in terms of protein 

yield. The different optimization methods yielded no significant differences in muscle 

tissue, thus the commercial lysis buffer and the TissueLyser was selected for protein 

extraction from liver and muscle tissue samples. Protein yield for the liver was also 

significantly higher compared to muscle protein yield, irrespective of lysis buffer and 

homogenization method used. Protein content differences between the liver and muscle 
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may be due to the different structure and function of these tissues. The liver is a soft tissue 

consisting of simple hepatocytes whereas muscle is composed of striated rigid fibers that 

do not lyse easily. 

 

The commercial lysis buffer contains a proprietary detergent and was supplemented with 

protease and phosphatase inhibitor tablets according to the manufacturer’s instructions, 

whereas the in-house lysis buffer was prepared according to our standard operation 

procedure for protein extraction and was supplemented with less protease and 

phosphatase inhibitor tablets. The difference in protein yield obtained between the two 

extraction buffers may be due to the greater ability of the commercial lysis buffer to 

protect against enzymatic degradation by phosphatase and protease enzymes in the 

lysates, as well as the proprietary detergent removing excess salts and debris thereby 

increasing lysate purity and quality.  

 

For liver samples, the TissueLyser was superior to the Polytron. Differences in the protein 

yield between the TissueLyser and the Polytron may be due to their different 

homogenization procedures. The TissueLyser works by high speed crushing of the tissue 

with steel beads and the Polytron homogenizes tissue with a serrated blade. Furthermore, 

during homogenization with the Polytron the lysate is transferred to multiple tubes which 

may lead to a loss in volume. The TissueLyser homogenization is a single step process in 

which homogenization occurs in a 2 ml tube without volume loss. The Polytron yielded 

residual debris after homogenization which may also account for its reduced protein yield 

compared to the TissueLyser. 

 

4.2 Lean and obese rats 

A lean and an obese group (Patel, 2012) were used for this study. The lean rats were 21 

day old weanlings who were fed the cafeteria diet over the experimental period of 12 

weeks. The obese rats were 21 day old weanlings who were fed a cafeteria diet for 16 

weeks ad libitum to induce nutritional obesity prior to the experimental period (3 months). 

Both groups of rats were treated with the hot water extract of fermented C. maculata at a 

dose of 300 mg/kg throughout the 3 month experimental period. The lean rats that were 
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treated with the C. maculata extract had a 2.4% reduction in body weight gain at the end 

of the study, whereas the obese rats showed a 2.4% increase in body weight gain over the 

experimental period. These two groups were investigated to determine how C. maculata 

treatment affected AMPK activity in lean and obese individuals.  

 

4.3 Western blot analysis  

4.3.1 Protein yield results 

Proteins were extracted with an optimized method using the commercial lysis buffer and 

the TissueLyser as described previously. Cyclopia maculata treatment did not affect the 

protein yield of liver and muscle tissue of lean and obese rats. Interestingly, 100 mg of 

liver tissue from obese rats yielded significantly more proteins than 100 mg of liver tissue 

from lean rats. The increased protein yield observed in the livers of obese rats compared 

to lean rats, is possibly part of an adaptive response to the increased lipid overload from 

the cafeteria diet (Estornell et al., 1995; Fillios and Saito, 1965). Increased hepatic protein 

turnover in obese fa/fa Zucker rats and in obese woman has been linked to increased 

microsomal and peroxisomal protein turnover in response to lipid over feeding (Estornell 

et al., 1995; Fillios and Saito, 1965). The increased protein turnover is thought to 

facilitate the synthesis of enzymes to regulate the increased lipid accumulation within 

cells (Waterlow et al., 1995; Fillios and Saito, 1965).  

 

Similar to the liver, the protein yield in muscle tissue of obese rats was higher to the 

protein yield obtained in lean rats, although the difference was not statistically significant. 

Difference in protein yield between tissues is suggested to be dependent on tissue 

structure and functional activity (Anderson et al., 2008; Hwang et al., 2010). Our results 

suggest that the liver, and to a lesser extent the muscle, is an important site for protein 

synthesis in the obese state. Contrary to the optimization experiment, no difference in 

protein yield was observed between liver and muscle of lean and obese rat. Difference in 

protein yield between experiments could be due to differences in the tissue samples for 

the optimization experiments.  
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4.3.2 Cyclopia maculata and AMPK activity (pAMPK/tAMPK) 

Recent investigations have shown that many plants mediate their biological actions by 

inducing the AMPK pathway (Kim et al., 2008; Do et al., 2012; Kang et al., 2012).  The 

effect of C. maculata treatment on AMPK activity was determined as the ratio of 

pAMPK/tAMPK.  

 

Although total AMPK was significantly higher in the liver of obese rats, activated AMPK 

(pAMPK/tAMPK) was lower in these rats. Total AMPK and activated AMPK were lower 

in the muscle of obese rats. Other studies have reported that AMPK activity is 

dysregulated in the liver and muscle during lipid overload, obesity and raised blood 

glucose levels (Martin et al., 2006; Kraegen et al., 2006). The obese rats used in this study 

were fed a cafeteria diet to induce obesity and insulin resistance (Patel, 2012), possibly 

explaining the decreased AMPK activity in these rats. Furthermore, the blood glucose 

concentrations of these rats were raised, and they were 4 months older than lean rats 

(Patel, 2012), further contributing to the decreased AMPK activity observed.   

 

Although a slight increase in AMPK activity was observed after C. maculata treatment in 

the liver of lean and obese rats, the difference was not statistically significant. In muscle, 

C. maculata treatment decreased AMPK activity in lean and obese rats. Glycogen 

accumulation is known to inhibit AMPK activity (Viollet et al., 2003; Mcbride et al., 

2009). Chellan et al. (2012) showed than another South African plant Athrixia 

phylicoides, stimulates glycogen accumulation, thus making it tempting to speculate that 

C. maculata also stimulates glycogen accumulation and that the decreased AMPK activity 

observed after C. maculata treatment is due to increased glycogen accumulation in the 

muscle of these animals. In support of this idea, other Cyclopia species have been shown 

to stimulate glucose uptake and utilization (Muller et al. 2012).  

 

AMPK activity is tissue specific and differences in AMPK activity in the muscle and the 

liver have been reported (Viollet et al., 2010). AMPK may be expressed as 12 different 

isoforms, conferring different properties depending on their subcellular location (Amodeo 

et al., 2007). AMPK activity in the liver results in the overall inhibition of energy 
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consuming pathways, whereas AMPK activation in skeletal muscle results in the 

activation of ATP producing catabolic pathways, depending on their isoform combination 

and stimulus (Suzuki et al., 2007). 

 

Although the beneficial effects of AMPK activation have been well reported (Kang et al., 

2012), some evidence for the beneficial effects of AMPK inhibition during stroke and 

cancer has been reported (Li et al., 2007). The over activation of AMPK in response to 

ischemic injury is detrimental during ischemic reperfusion which my lead to further 

energy failure and cell death (McCullough et al., 2005; Viollet et al., 2010). AMPK 

inhibition by compound C was shown to provide sustained neuroprotection after stroke, 

benefiting cell survival (Li et al., 2007).  

 

4.3.3 Cyclopia maculata and PPARα expression 

The peroxisomal proliferator activated receptor α (PPARα) is a ligand activated 

transcription factor that belongs to the steroid hormone PPAR superfamily. Other 

members include PPARγ and PPARδ, each with their own ligand and tissue specific 

functions (Evans et al., 2004; Yoon et al., 2009). PPARα is predominantly expressed in 

tissues with high rates of mitochondrial and peroxisomal fatty acid metabolism such as 

the liver, heart, brown adipose tissue, skeletal muscle and kidneys (Yoon et al., 2009). 

PPARα functions by regulating the gene expression of key enzymes involved in the 

transport, uptake and oxidation of lipids such as fatty acid transport protein, carnitine 

palmityol transferase-1 (CPT1) and the uncoupling proteins (UCP1, UCP2 and UCP3) 

(Evans et al., 2004; Yoon et al., 2009). PPARα is activated by high circulating free fatty 

acids, fibrates, ligand steroids and various hormones including leptin and adiponectin 

(Kersten et al., 1999; Armstrong and Towle, 2001). PPARα has been shown to be a 

downstream protein target of the AMPK pathway, activated under conditions of energy 

deprivation and lipid overload (Armstrong and Towle 2001).  

 

PPARα expression was significantly higher in the liver of obese rats compared to their 

lean counterparts. PPARα gene expression is associated with Fatty acid synthase (FAS) 

expression and is regulated by lipid content (Chakravarthy et al., 2009). Increased PPARα 
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expression is associated with increased circulating free fatty acids and their derivatives 

during a high fat diet (Armstrong and Towle, 2001), thus possibly explaining the 

increased PPARα expression in obese rats. 

 

Cyclopia maculata treatment decreased PPARα expression in the liver of both lean and 

obese rats. Dudhia (2012) also demonstrated decreased PPARα protein expression in 3T3-

L1 adipocytes after C. maculata treatment. In this study, decreased PPARα protein 

expression correlated with decreased expression of PPAR and adipogenesis.  

 

Cyclopia maculata was shown to possess phytoestrogen activity (Verhoog, 2006). 

Phytoestrogens are plant polyphenols with estrogen activity (Cederroth et al., 2008). 

Estrogens have been shown to reduce PPARα activity (Jeong et al., 2004; Yoon et al., 

2009), thus possibly explaining the decreased PPARα expression in the rats after C. 

maculata treatment 

 

4.3.4 The effect of C. maculata on uncoupling protein 2 expression 

Uncoupling proteins (UCPs) are mitochondrial transporters present in the inner 

mitochondrial membrane (Villarroya et al., 2007). UCP1 was the first one to be identified 

and plays an important role in the adaptive thermogenesis of brown adipose tissue (Del et 

al., 2000). The UCP1 protein was found to enhance the uncoupling of protons down the 

respiratory chain in the mitochondria for the production of heat in response to cold 

temperatures or high circulating fatty acids (Nicholls and Locke, 1985). UCP2 and UCP3 

were recently identified sharing 72% and 57% amino acid homology to UCP1 (Fleury et 

al., 1997; Gimeno et al., 1997). UCP2 is ubiquitously expressed in a variety of tissues in 

the body, including the skeletal muscle, white adipose tissue, liver, spleen, lungs and 

macrophages (Armstrong and Towle, 2001). UCP3 is predominantly expressed in skeletal 

muscle (Weigle et al., 1998). Unlike UCP1 which is solely involved in the adaptive 

thermogenesis to cold temperatures, UCP2 and UCP3 have been shown to respond to high 

circulating FFAs and reactive oxygen species (ROS), conferring to them lipid metabolic 

regulatory functions (Samec et al., 1998).  UCPs are activated by unsaturated fatty acids 
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and are under the transcriptional control of PPARα and PGC1 which are downstream 

components of the AMPK pathway (Jager et al., 2007).  

 

Cyclopia maculata treatment did not effect UCP2 expression in the liver of lean and 

obese rats. However, UCP2 expression in the liver of obese rats was 2.9-fold higher 

compared to lean rats.  Over feeding and a diet high in unsaturated fats has been 

associated with increased expression of UCP1, a homologue of UCP2, in brown adipose 

tissue and skeletal muscle of rodents decreasing the metabolic efficiency and preventing 

the development of obesity (Himms-Hagen, 1984). Fasting has been associated with an 

increase in metabolic efficiency and a decrease in UCP1 expression and activity 

(Rothwell et al., 1984). Thus the increased UCP2 expression in the liver of obese rats may 

be due to increased adiposity and circulating free fatty acids caused by the cafeteria diet. 

UCP2 has been shown to regulate free radical production from fatty acid oxidation, by 

reducing the proton gradient across the mitochondrial membrane preventing damage to 

lipids, proteins and DNA by ROS (Schrauwen and Hesselink, 2002). Increased UCP2 

expression in obese rats may be due to the fact that these rats were older and have 

increased ROS production (Samec et al., 1998; Katsanos et al., 2009).  

 

In muscle, UCP2 protein was decreased in obese rats and after C. maculata treatment of 

lean rats. These results differ to those observed in the liver and is possibly is due to tissue 

specificity of UCP2. UCP3 is the predominant UCP in muscle (Rousset et al., 2004). The 

decreased UCP2 expression after C. maculata treatment in lean rats could be due to an 

adaptive response, where C. maculata decreases ROS due to its anti-oxidant properties 

(Marnewick et al., 2000; Joubert et al., 2008) and thus leads to less UCP2 expression. 

However, this is a speculation and requires further investigation.  

 

4. 4 Phosphorylated AMPK [pT172] ELISA  

ELISA results, similar to Western blot results, showed that C. maculata treatment 

increased AMPK activation, although not significantly.  
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ELISA is a quantitative assay that investigates intact native proteins whereas Western blot 

is a semi quantitative assay that investigates denatured proteins (Yang and Ma, 2009). 

ELISAs are easier to perform and are less time-consuming than Western blots. However, 

Western blots may give information about protein purity and size, whereas ELISAs do 

not.  

 

4.5 Adipocyte size and number 

Obesity is known to be due to the enlargement of adipose tissue to store excess energy 

intake (Jo et al., 2009). Adipose tissue grows by two mechanisms: hyperplasia, which is 

the increase in cell number and hypertrophy, which is the increase in adipocyte size (Jo et 

al., 2009).  Adiposity is influenced by diet and genetic susceptibility of a person to its 

environment and their interaction (Marti et al., 2009; Prentice, 2006). Adipose tissue itself 

is stored in special depots such as the visceral and subcutaneous fat depots, whose rates of 

adiposity are determinants of weight gain and obesity (Matsuzawa et al., 1995; Huang et 

al., 2001). The investigation of these depots by visual staining techniques such 

Haematoxylin and Eosin staining has provided crucial phenotypical evidence of adipocyte 

size and number, influenced by nutritional intake and genetic susceptibility (Pang et al., 

2008; Azin et al., 2000). 

 

Cyclopia maculata treatment did not significantly affect adipocyte number and size in the 

retroperitoneal fat of lean ad obese Wistar rats. The retroperitoneal fat is a depot of 

visceral fat accumulation which is detrimental in the development of obesity and 

metabolic syndrome (Huang et al., 2001). Anti-obesity treatments have been shown to 

decrease adipocyte hyperplasia and hypertrophy in visceral fat depots such as 

retroperitoneal fat (Pang et al., 2008).  

 

The failure to observe significant differences in adipocyte size and number between lean 

and obese rats is unexpected and could be due to technical difficulties with the 

quantification method used. Due to time constraints, it was not possible to repeat the 

analysis.  
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4.6 Limitations of study and future work 

The main limitation of the study is the small weight reduction observed in these rats after 

C. maculata treatment. This could possibly explain our failure to observe AMPK 

activation. Furthermore, it has been suggested that AMPK activation plays a more 

prominent role in genetic models of obesity compared to diet-induced models of obesity. 

Testing of different doses of C. maculata could improve bioactivity (weight reduction) 

and AMPK activation.  

 

C. maculata decreased UCP2 expression in the muscle of lean rats, but not in obese rats. 

However, no difference in UCP2 expression in the liver was observed after treatment. 

Future studies should focus on investigation of these tissue specific differences as it may 

provide important clues about metabolic regulation in lean and obese individuals.   

 

4.7 Conclusion 

Safe effective treatments to combat weight gain and obesity have become a serious 

concern due to the increased prevalence of obesity and the metabolic syndrome epidemic. 

Phytochemical treatments have been shown to regulate weight gain and reduce the 

detrimental effects of obesity in the development of NCDs, exhibiting their effects 

through the regulation of key metabolic process, such as AMPK signaling. Cyclopia 

maculata is a polyphenolic rich plant with a range of biological activities including anti-

mutagenic, anti-oxidative, anti-cancer and phytoestrogen activity. This study has shown 

that treatment of diet-induced obese Wistar rats with 300 mg/kg of C. maculata does not 

affect the AMPK signaling pathway.  

 

Although treatment did not affect AMPK activation in lean and obese rats, protein content 

in the liver of obese animals was increased compared to their lean counterparts. Similarly, 

an increase in PPARα and UCP2 expression was observed in obese rats compared to lean 

rats and suggests an adaptive response to the increased circulating free fatty acids and an 

increase in β-oxidation in these animals. 
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Appendix A 

 

Materials       Suppliers 

 

Protein extraction 

 

 Glass plate  BioRad, (USA) 

 Scalpel and blades  Sigma-Aldrich (USA) 

 Forceps    

    

 Lasec (RSA) 

 100% ethanol   

     

 B&M Scientific (RSA)  

 Gloves    

     

 Lasec (RSA) 

 Paper towels   

     

 Nampak (RSA) 

 Weighing paper  

     

 Lasec (RSA) 

 Ice    

     

 Ice making machine 

 Liquid nitrogen   

    

 Afrox (RSA) 

 Eppendorf tubes 2 ml, 1.5 ml, 

0.5 ml     

 Sigma-Aldrich (USA) 

 Phosphate buffered saline (PBS)

      

 Roche (Germany) 

 Standard lysis buffer  

     

 According to SOP 

 Tissue extraction reagent lysis 

buffer     

 Invitrogen (USA) 

 Trizma base   

     

 Sigma-Aldrich (USA) 

 Glycine    

    

 Sigma-Aldrich (USA) 

 NaCl    

     

 B & M Sci (RSA) 

 DTT     

     

 Sigma-Aldrich (USA) 
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 NaF    

     

 Sigma-Aldrich (USA) 

 Na3VO4    

     

 Sigma-Aldrich (USA) 

 NP40    

     

 Sigma-Aldrich (USA) 

 Triton X 1140   

     

 Sigma-Aldrich (USA) 

 RNase    

     

 Sigma-Aldrich (USA) 

 1 x Protease inhibitor cocktail 

tablets     

 Roche (Germany) 

 1 x Phosphatase inhibitor  tablets 

     

 Roche (Germany) 

 PMSF    

     

 Thermo Scientific (USA) 

 Stainless steel beads  

     

 Qiagen (Germany) 

 Pipette tips 10 µl, 20 µl, 100 µl, 

200 µl and 1000 µl   

 Sigma-Aldrich (USA) 

 

Protein determination 

 

 BioRad DC assay reagent kit  BioRad, (USA) 

 BSA  BioRad, (USA) 

 96 well microtiter plate  Sigma-Aldrich (USA) 

 

 

 

 

 



120 

 

SDS-PAGE  

 

 Leammli sample buffer                                    BioRad (USA) 

 β-mercapatoethanol   Sigma-Aldrich (USA) 

 

 TEMED   Sigma-Aldrich (USA) 

 

 40% Acrylamide  BioRad, USA (USA)  

 SDS  Sigma-Aldrich (USA) 

 APS  Sigma-Aldrich (USA) 

 Protein loading tips   Sigma-Aldrich (USA) 

 Precision Plus Dual Color 

Marker 

 Thermo Scientific (USA) 

 Fermentes Pre-stain Protein 

ladder  

 Thermo Scientific (USA) 

 Fermentes Un-stain Protein 

ladder  

 Thermo Scientific (USA) 

 Cruz marker  SantaCruz (USA) 

 Coomassie brilliant blue  BioRad (USA)  

 

Western blot 

 

 Ponceau Stain   

     

 Sigma-Aldrich (USA) 

 Hybond-P (PVDF) membrane 

     

 Millipore (USA) 

 Whatmann paper  

     

 Whatman Ltd (UK) 

 Non-fat milk powder  

     

 Clover (RSA) 

 LumiGlo Chemiluminescent 

Substrate kit    

 KPL (USA) 
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Primary antibodies  

 

Antibody Source Type  Cat number Supplier 

 pAMPK Rabbit mAb #2535 Cell Signalling 

(USA) 

 tAMPK Rabbit pAb #2757 Cell Signalling 

(USA) 

 ACC Rabbit mAb C20G5 Cell Signalling 

(USA) 

 UCP2 Goat mAb AB77363 Abcam (USA) 

 PPAR Rabbit mAb #2430 Cell Signalling 

(USA) 

 PPARα Rabbit pAb AB3484 Abcam (USA) 

 β-tubulin Rabbit pAb #2146 Cell Signalling 

(USA) 

 β-actin Mouse mAb  SC47778 SantaCruz 

(USA) 

 

Secondary antibodies  

 

Antibody Source Cat number Supplier 

 Mouse HRP† IgG Donkey #2535 Cell Signalling 

(USA) 

 Rabbit HRP IgG Donkey #2757 Cell Signalling 

(USA) 

 Goat HRP IgG Donkey C20G5 Cell Signalling 

(USA) 
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ELISA 

AMPKα [pT172] ELISA kit    Invitrogen (USA) 

 

Reagent 96 Test kit 

 AMPKα [pT172] standard  2 vials 

 Standard diluent buffer  1 bottle 

 Antibody coated wells, 12 x 8 

well strips 

 1 plate 

 AMPKα [pT172] Detection 

antibody 

 1 bottle 

 Anti-rabbit IgG HRP (100 X)  1 vial 

 HRP Diluent  1 bottle 

 Wash buffer concentrate (25 X)  1 bottle 

 Stabilized Chromogen, 

Tetramethylbenzidine (TMB) 

 1 bottle 

 Stop solution  1 bottle 

 Plate covers, adhesive strips  3 

 

Histology 

 Glass slides  Lasec (RSA) 

 Haematoxylin  Lasec (RSA) 

 Eosin  Lasec (RSA) 

 100% Ethanol  B&M Scientific (RSA) 

 Xylene  Merck (Germany) 

 Entallen  Merck (Germany) 
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Equipment 

 

 Analytical balance  

     

 Ohaus (UK) 

 TissueLyser   

     

 Qiagen (Germany) 

 Polytron homogenizer  

    

 Brinkmann/Kinematica 

(Switzerland)   

 Centrifuge   

     

 Labnet Inc. (USA) 

 ELISA plate reader  

     

 BioTek (USA) 

 Plate shaker   

     

 IKA® (Germany) 

 BioRad Mini Protean Tetra Cell

     

 BioRad (USA) 

 BioRad, USA power pac HC 

     

 BioRad, (USA) 

 Heating block   

     

 Labnet (USA) 

 BioRad, USA ChemiDoc
TM

 

XRS
+ 

image illuminator 

  

 BioRad (USA) 

 Quantity One software 

     

 BioRad (USA) 

 Ice making machine  

     

 Scotsman (USA) 

 Pasteur pipettes  

     

 Labnet Inc. (USA) 

 Greiner (Germany) 

 Belly dancer/shaker  

     

 StoVoll (USA) 

 Olympus BX50 light 

microscope  

 Olympus (Japan) 

 NIS-Element BR 3.0 software   Nikon instruments Inc,( USA) 

 Leica Qwin pro version 3   Leica Microsystems, Germany 
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Appendix B  

Solutions 

 

Protein extraction  

1 M Tris, pH 7.5 

Stock   Volume   Final Concentration 

Tris, MW=121.1   12 g    1M 

ddH2O     100 ml 

pH to 7.5 with HCl 

Make up to 100 ml with ddH2O 

50 mM Tris, pH 7.5 

Stock   Volume   Final Concentration 

1M Tris, pH 7.5  2.5 ml   50 mM 

ddH2O     to 50 ml 

 

1 mM DTT  

Stock   Volume   Final Concentration 

DTT, MW= 41.9 9  8 mg   50 mM 

Lysis buffer    to 50 ml 

 

100 mM PMSF  

Stock   Volume   Final Concentration 

PMSF, MW=174.194  870 mg  100 mM 

Isopropanol    to 50 ml 

1 ml aliquots were stored at -20˚C 

  

50 mM NaF 

Stock  Volume   Final Concentration 

NaF, MW= 41.9 g/mol  0.104 g   50 mM 

ddH2O  to 50 ml 
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200 mM Na3VO4, pH 10 

Stock Volume   Final Concentration 

Na3VO4, MW=183.91 g/mol   367.82 mg   200 mM 

ddH2O to 100 ml  

 

10 mM Na3VO4   

Stock  Volume   Final Concentration 

200 mM Na3VO4  10 ml   10 mM 

ddH2O  to 200 ml  

1 ml aliquots were stored at -20˚C  

    

70% Ethanol 

Stock  Volume   Final Concentration 

100%  700 ml   70% 

ddH2O  to 1 liter 

 

In-house lysis buffer 

Stock   Volume   Final Concentration 

1M Tris  2.5 ml   50 mM 

100 mM DTT    0.8 mg   1mM 

NaF  104 mg  50 mM 

Na3VO4  500 µl   100 µM 

NP40     500 µl   1%,  

Triton     500 µl   1%  

RNase      12.5 µl   25 µg/ml  

Protease inhibitors   2 tablets  1x 

Phosphatase inhibitors  5 tablets  1x 

ddH2O     to 50 ml 

Make 1 ml aliquots and store at -20°C. 

100 mM PMSF    10 µl   1 mM 

Add PMSF before use. 
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Commercial lysis buffer  

Stock Volume   Final Concentration 

1 M Tris   50 mM 

NaCl   250 mM 

EDTA    5 mM, 

Na3VO4   2 mM  

NaF   1 mM 

Na4P2O7    20 mM,  

NaN3    0.02% 

Proprietary detergent 

Protease inhibitors   10 tablets  1x 

Phosphatase inhibitors  10 tablets  1x 

ddH2O     to 100 ml 

Make 1 ml aliquots and store at -20°C 

100 mM PMSF    10 µl   1 mM 

Add PMSF before use 

 

Protein determination 

Solution A 

Stock Volume   Final Concentration 

BioRad, USA DC Reagent S 20 µl    

BioRad, USA DC Reagent A 1 m 

 

SDS PAGE 

2x Sample buffer 

Stock   Volume   Final Concentration 

β-mercaptoethanol  50 µl  

Leammli sample buffer  950 µl  
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10% SDS 

Stock  Volume   Final Concentration 

SDS  10 g    10% 

ddH2O   to 100 ml 

 

10% APS 

Stock  Volume   Final Concentration 

APS  100 mg  10% 

ddH2O   in 1 ml 

  

10% Resolving gel  

Stock Volume  Final Concentration 

3M Tris 1.25 ml 

40% Acrylamide 2.5 ml   10% 

10 % SDS 100 µl 

99% TEMED 10 µl 

10% APS 75 µl 

ddH2O 6.1 ml 

 

4% Resolving gel  

Stock Volume  Final Concentration 

0.5M Tris 1.25 ml 

40% Acrylamide 1 ml   4% 

10 % SDS 100 µl 

99% TEMED 10 µl 

10% APS 50 µl 

ddH2O 7.59 ml 
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10 x running buffer 

Stock  Volume   Final Concentration 

Tris, MW=121.1 30.28 g   25 mM 

Glycine, MW=75.07 142.63 g   1.9 M 

10% SDS  100 µl   1 % 

ddH2O  to 1 L 

 

1 x running buffer 

Stock  Volume   Final Concentration 

10 x running buffer stock  100 ml   1 x 

ddH2O  900 ml 

 

Destain  

Stock  Volume   Final Concentration 

Acetic acid  200 ml   10% 

Methanol  600 ml   30% 

ddH2O   to 2 L 

 

Western blot analysis 

Transfer buffer   

Stock  Volume  Final Concentration 

Tris,   6.06 g   25 mM 

Glycine  28.83 g  192 mM 

Methanol  400 ml   20% 

ddH2O   to 2 L  

 

10 x TBS 

Stock  Volume   Final Concentration 

Tris 24.22 g   25 mM  

NaCl  80.06 g   1.37 M 

ddH2O     to 1 L. 
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1 x TBST  

Stock  Volume   Final Concentration 

10 x TBS   100 ml   1 x 

ddH2O     900 ml    

Tween 
®
20  1 ml 

 

5% Blocking buffer 

Stock  Volume   Final Concentration 

Fat free powder milk   5 g    5% 

1x TBST  100 ml 

. 

AMPK [pT172] ELISA 

100 Units/ml AMPK [pT172] standard 

Stock  Volume   Final Concentration 

AMPK [pT172] standard   100 Units/ml 

Standard diluent buffer 800 µl 

 

Dilution of AMPKα [pT172] standards 

Standard Add: Into 

100 Units/ml   

50 Units/ml 0.25 mL of 100 Units/mL  0.25 mL of Diluent buffer 

25 Units/ml 0.25 mL of 50 Units/mL 0.25 mL of Diluent buffer 

12.5 Units/ml 0.25 mL of 25 Units/mL 0.25 mL of Diluent buffer 

6.25 Units/ml 0.25 mL of 12.5 Units/mL 0.25 mL of Diluent buffer 

3.12 Units/ml 0.25 mL of 6.25 Units/mL 0.25 mL of Diluent buffer 

1.6 Units/ml 0.25 mL of 3.12 Units/mL 0.25 mL of Diluent buffer 

0 Units/ml 0.25 mL of diluent buffer An empty tube 
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Anti-rabbit IgG HRP working solution 

Stock  Volume   Final Concentration 

Anti-Rabbit IgG HRP (100x) 1 µl   1 x working solution 

HRP Diluent 1 ml 

Sufficient for analysis of 10 samples 

 

Wash buffer solution 

Stock  Volume   Final Concentration 

Washing buffer concentrate (25x) 25 ml   1 x working wash buffer 

ddH2O to 600 ml 

 

 

 

 


