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ABSTRACT : Leptin is produced by adipocytes and its role in the regulation of lipid metabolism, feed intake, productive and 
reproductive performance of domestic animal species has been greatly stressed and extensively investigated in recent years. This study 
was conducted to develop a radioimmunoassay (RIA) for the estimation of plasma bovine leptin and to determine plasma leptin 
concentration in fattening Japanese Black cattle (Wagyu) and its crossbreds at commercial farms. Relationships of plasma leptin with 
plasma vitamin A and age of crossbred cattle were also determined. Recombinant bovine leptin (rbleptin) was produced by the E. coli 
overexpressed leptin as a GST (glutathione S-transferase)-fusion protein. Then antiserum against bovine leptin was obtained by its 
immunization in rabbits. Using this antiserum, a bovine specific RIA was developed and plasma leptin level was determined in 120 
crossbred fattening cattle (Wagyux Holstein, 50:50) at commercial farms. The plasma leptin level increased with the age of cattle and its 
level was greater in the crossbred heifers than in the steers. Plasma vitamin A level was negatively correlated with plasma leptin level in 
crossbred heifers and steers. This relationship was stronger in heifers than in steers. Plasma leptin was gradually increased with 
advancing age in fattening Wagyu cattle. In conclusion, development of a bovine specific RIA to estimate plasma leptin will contribute 
to better understanding of the role of leptin in cattle. (Key Words : Bovine, Fattening, Leptin, RIA, Vitamin A, Wagyu)

INTRODUCTION

Japanese black cattle (Wagyu) are well known for their 
potential to produce high marbled beef that fetch high price 
in Japanese market (Zenbayashi, 1994). Beef marbling that 
influences juiciness and flavor has been considered as one 
of the most important beef-quality traits in north-east Asia. 
Japanese and Korean used a special feeding system where 
the cattle are fed for longer fattening period to produce high 
marbled beef (Lee et al., 2007). However, higher 
accumulation of body fat in cattle during long fattening 

period usually depressed the appetite (Forbes, 1986). 
Reduced DM intake in fattening cattle negatively affects 
both body weight gain and marbling (Lee et al., 2007) thus 
increased the cost of beef production.

Leptin is synthesized and secreted from white adipose 
tissues in rodents, humans (Friedman and Halaas, 1998; 
Zhang et al., 1994) and bovine (Houseknecht et al., 2000; 
Yang et al., 2003). Intracerebroventricular (ICV) 
administration of leptin decreased voluntary DM intake in 
ruminants (Henry et al., 1999) through suppressing satiety 
center (Tokuda et al., 2000). Furthermore, plasma leptin 
down-regulated accretion of adipose tissue (Halaas et al., 
1995; Pelleymounter et al., 1995; Levin et al., 1996) and its 
concentration was positively correlated with body fat in 
ruminants (Block et al., 2001). Concentration of plasma 
leptin was increased in cattle during fattening period 
(Kawakita et al., 2001; Tokuda and Yano, 2001; Vega et al., 
2002). In recent past, many studies has been conducted to 
understand the role of leptin in growth biology, energy 
metabolism, milk synthesis, mammary system development, 
reproductive performance of dairy and beef cattle (Block et 
al., 2003; Kim and Baik, 2004; Vega et al., 2004; Thorn et 
al., 2007). Interest to further understand the role of leptin on 
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the biology of cattle is growing. Many efforts has also been 
made to develop enzyme linked Immuno Sorbent Assay 
(ELISA) or Radio Immuno Assay (RIA) to estimate plasma 
leptin in human and rodents (Ma et al., 1996; Considine et 
al., 1996; Imagawa et al., 1998). Concentrations of serum 
leptin in the bovine have been extensive studied using 
multi-species leptin RIA kit based on the protocol of Ma et 
al. (1996). However, Delavaud et al. (2000, 2002) 
demonstrated that multi-specie RIA method underestimate 
ovine and bovine leptin. Delavaud et al. (2000) developed 
an ovine specific leptin RIA and described it as an efficient 
method to estimate plasma leptin in ovine, bovine and 
caprine species. In later studies (Delavaud et al., 2002; 
Liefers et al., 2003; Becu-Villalobos et al., 2007) ovine 
specific RIA was used to estimate plasma leptin in cattle. 
Ehrhardt et al. (2000) developed a bovine specific RIA 
method to determine serum leptin in cattle. They used His- 
tag system to purify bovine specific leptin that need 
refolding procedure as previously demonstrated by Fawzi et 
al. (1996). However, protein refolding did not completely 
restore the denatured leptin to bioactive leptin (Varnerin et 
al., 1998) and thus they introduced an improved method of 
leptin refolding. However, recovery of bioactive leptin 
using refolding step remain at large. In addition, it is 
generally known that nothing is commercially available to 
determine bovine leptin level.

This study was conducted to develop bovine specific 
leptin RIA method using GST fusion system and to 
determine plasma leptin in the Wagyu cattle and its 
crossbreds. Furthermore, the relationships between plasma 
leptin, plasma vitamin A and age of Wagyu crossbred cattle 
reared on Japanese commercial farms were also estimated.

MATERIALS AND METHODS

Overexpression and purification of recombinant bovine 
leptin (rbleptin)

The constructed plasmid pGEX-4T-leptin, expressing 
GST-leptin fusion protein, was provided the Laboratory of 
Animal Breeding and Genetics, Kyoto University, Kyoto, 
Japan. This plasmid, pGEX-4T-leptin, was transformed into 
DH5alpha competent cells and selected by growth on Luria- 
Bertani (LB)/ampicillin plates. Overnight cultures grown at 
37°C in LB medium with ampicillin (50 mg/ml) were used 
to inoculate 1 L of supplemented LB medium at a 1:100 
dilution. The cells were incubated at 37°C to achieve 
OD600 nm = 0.5-0.6. The protein expression was induced 
with 0.1 mM isopropyl-beta-D-thiogalactopyranoside 
(IPTG) and cells were harvested after overnight incubation 
at 22°C. All cells were harvested by centrifugation at 
5,000xg for 10 min at 4°C and re-suspended in sonication 
solution i.e. phosphate buffered saline (PBS), pH 7.3, 1% 
Triton X-100, 1 mM Phenylmethylsulfonyl fluoride (PMSF), 

1 mM dithiothreitol (DTT), approximately 5 ml buffer/1 g 
wet cells. The cells were disrupted by sonication in the ice 
water for 6 min with 30 seconds (s) intervals (30 s on and 
30 s off per cycle). Undisrupted cells and debris were 
removed by centrifugation at 10,000 g for 20 min at 4°C. 
The PBS containing 1% Triton X-100 pre-equilibrated 
glutathione-Sepharose 4B beads ((Amersham Pharmacia 
Biotech, UK) was added to the supernatants and then 
incubated overnight at 4°C on an orbital rotator. The beads 
were collected by centrifugation 3,000xg for 5 min at 4°C 
and were washed three times with PBS by repeated 
centrifugation. The beads were re-suspended in elution 
buffer i.e. 50 mM Tris-HCl, pH 7.5, 30 mM reduced 
glutathione (GSH), 1 mM PMSF. Subsequently beads 
mixture was incubated for 30 min at 4°C on an orbital 
rotator. After rotating, the beads mixture was centrifuged at 
1,000xg for 5 min at 4°C and the supernatant was obtained. 
In order to remove GSH, the GST-fusion protein solution 
was dialyzed against the 50 mM Tris-HCl (pH 7.5) buffer 
containing 1 mM PMSF for overnight. This solution was 
treated with thrombin protease (Amersham Pharmacia 
Biotech, UK) for 16 h at 22°C. To remove both GST tag 
and thrombin from the thrombin-treated contents, pre
equilibrated glutathione-Sepharose 4B beads (Amersham 
Pharmacia Biotech, UK) and Benzamidine Sepharose 
(Amersham Pharmacia Biotech, UK) were added to the 
thrombin-treated solution. After incubation for 30 min at 
4°C, the mixture was loaded through Poly-Prep column 
(Bio-Rad Lab. Hercules, USA). The flow-through pure 
leptin was concentrated using Centriprep YM3 (Millipore, 
Bedford, MA, USA) by centrifugation at 3,000xg for 5 h at 
4°C.

Production of bovine leptin specific antiserum
Three male rabbits were immunized against rbleptin. 

Purified rbleptin of 200 卩 g in 0.5 ml 50 mM Tris-HCl pH 
7.5 buffer was emulsified with 0.5 ml complete Freund’s 
adjuvant (DIFCO, Detroit, MI) and this was then injected 
subcutaneously to rabbits at 2-week intervals for 5 times. 
Seven days after the last booster, blood was collected from 
the carotid artery. After centrifugation, rabbit sera were 
collected and stored at -80°C.

SDS-PAGE and western blotting
Protein concentration was determined using Micro BCA 

protein assay reagent kit (Pierce Chemical Co., Rockford, 
IL). Cell extract from E. coli, the leptin-enriched fractions 
prepared from cell extract and rbleptin protein were 
subjected to SDS-PAGE using 12% or 13.5% 
polyacrylamide separating gel, respectively under reducing 
conditions according to method of Laemmli (1970). 
Separated proteins were visualized by Coomassie Blue 
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staining. Otherwise separated proteins were transferred to 
Immobilon-P membrane (Millipore, Bedford, MA, USA) 
for Western blotting. After blocking with 3% skim milk in 
PBS, the membrane was incubated with diluted bovine 
leptin antiserum (1:200) for 1 h, followed by incubation 
with biotinylated secondary antibody, i.e., anti-rabbit IgG 
(Amersham Pharmacia Biotech, UK; 1:200) for 30 min and 
then with alkaline phosphatase-conjugated third antibody 
(Amersham Pharmacia Biotech UK; 1:1,000) for 30 min. 
Visualization of the third antibody was performed by a 
color development reaction using alkaline phosphatase 
(Bestagno et al., 1987).

Radioiodination of rbleptin
Five jig rbleptin {Diagnostic Systems Laboratories 

(DSL), Inc., Webster, Tex., USA} was dissolved in 10 jil 
distilled water and labeled by 1 mCi Na125I (PerkinElmer 
Life and Analytical Sciences, Cambridge, UK) using the 
chloramine-T method (Hunter and Greenwood, 1962) as 
modified by Delavaud et al. (2000). The reaction mixture 
was applied to a gel filtration column (0.8x35 cm, AcA 54 
Ultrogel (Sigma Inc., St. Louis, USA) for the separation of 
free 125I and 125I-labeled leptin. Radioactivity was 
measured by Cobra II gamma counter (Packard Instrument 
Co. Inc. Meriden, CT, USA). Leptin fractions were 
immediately diluted (V/V) with pure glycerol (ICN 
Biomedicals Ltd., Oxford-. shire, UK) and stored at -20°C.

Determination of appropriate dilution ratio of the 
antiserum

Leptin antisera were diluted with incubation buffer 
(0.01 M phosphate buffer, 0.15 M NaCl, pH 7.2 containing 
0.1% gelatin, 0.02% sodium azide and 0.01% Tween 20) at 
a ratio of 1:100, 500, 1,000, 2,000, 5,000, 10,000 and 
20,000. Four hundred jil incubation buffer were added to a 
tubes for non specific binding (NSB), and 300 jil were 
added to the other tubes with 100 il diluted antiserum. 
Then, ~20,000 cpm of tracer (125I-leptin) diluted by 
incubation buffer was added to each tube, and the mixture 
was incubated for 44 h at 4°C. Bound and free tracer was 
separated by adding 500 il of an anti-rabbit sheep 
Immunoglobulin G solution (Biogenesis Inc., Poole, UK). 
The mixtures were allowed to proceed at room temperature 
for 30 min. Precipitation of the antibody-antigen complexes 
was then accomplished by the addition of 2 ml of phosphate 
buffer (20 mM, pH 7.4), immediate centrifuged (3,000xg, 
30 min, 4°C), and the unbound 125I-bovine leptin was 
removed by aspiration of the supernatant. The remaining 
radioactivity in the precipitate was counted with a Cobra II 
gamma counter (Packard Instrument Co. Inc. Meriden, CT, 
USA). Binding capacity was calculated with bound 
radioactivity (B)/total activity (T) as percentage.

Animal, management, sampling and analyses
Jugular blood samples of crossbred (WagyuxHolstein, 

50:50) cattle (82 steers and 38 heifers) raised on the 10 
commercial farms (Aichi, Japan) were collected between 10 
to 30 month of age using vein puncture to determine plasma 
leptin, cholesterol and vitamin A concentrations.

Ten pure Wagyu steers aged 12 months were used in 
fattening trial for 12 months and were fed a diet consisting 
of concentrate mixture and rice straw. The diet contained 
76% TDN and 10% DCP based on the Japanese feeding 
standard by the Japan Livestock Industry Association 
(2000). The DM intake in Wagyu was ranged from 6.6 kg to 
8.9 kg/d during the experimental period. Blood samples 
were collected from jugular vein at 12, 19 and 24 months of 
age from each cattle to determine plasma leptin.

Wagyu steers (n = 10) were slaughtered at 26 months of 
age. The crossbred steers (n = 27) and heifers (n = 18) were 
slaughtered at 21 months of age. The carcasses evaluation 
of animals was done in accordance with Japan Meat 
Grading Association (1988). Beef marbling standard (BMS; 
1-12, No.1 is the lowest grade) was applied to determine the 
meat quality. High performance liquid chromatography 
(HPLC) was used to determine plasma vitamin A 
(Makimura et al., 1991). Total cholesterol was determined 
using Cholesterol E-test (Wako chemicals, Kanagawa, 
Japan). Care of animals was in accordance with the Guide 
for the Care and Use of Experimental Animals (Animal 
Care Committee, National Institute of Livestock and 
Grassland Science, Tsukuba, Japan).

Validation of RIA to determine plasma bovine leptin
The assay was performed using a double-antibody 

method under disequilibrium conditions as previously 
described by Delavaud et al. (2000). Rbleptin (DSL, Inc., 
Webster, Tex., USA) was used for preparation of standards 
(0.5, 1, 2, 4, 8, 16, 32, 64 ng/ml diluted in incubation 
buffer). The tubes for total count, non specific binding 
(NSB), B0, standards and samples were set. Standard 
solutions and samples were added to each tube in volume of 
100 il, respectively. Two hundred il incubation buffer was 
added to standard and sample tubes, and 300 il to NSB and 
B0 tubes. Finally, 100 il of a 1:2,000 working dilution of 
leptin antiserum (diluted in incubation buffer containing 
1:100 normal rabbit serum) were added to all tubes except 
for total and NSB tubes to achieve a total volume of 400 il 
in incubation buffer. After incubation overnight at 4°C, 
~20,000 cpm of tracer (125I-leptin) in incubation buffer 
were added to each tube, and the mixture was incubated for 
44 h at 4°C. Bound and free 125I were separated and bound 
125I was determined by the same method as described 
above for antiserum.

The binding of 125I-bovine leptin to antiserum was 
expressed as logit, i.e.,
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Logit (B/Bo) = log
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Figure 1. (A) SDS-PAGE on 12% gel separation of proteins of induced E. coli cells carrying plasmid pGEX-4T-leptin. This figure shows 
the resolution of whole-cell proteins from E. coli strains DH5alpha containing plasmid pGEX-4T-leptin. The position of migration of 
fusion protein (a) is indicated by arrow. Lane M, molecular weight markers (21.5, 31 and 45 kDa). (B) SDS-PAGE separation of GST- 
leptin fusion protein and GST, leptin and thrombin protease mixture on 13.5% gel. After GST-leptin fusion protein (a) was purified from 
E. coli using glutathione-Sepharose 4B beads (Lane 1), GST-leptin fusion protein was digested with thrombin protease. GST (c), leptin 
(d) and thrombin (b) (Lane 2-7) were indicated by arrows. (C) SDS-PAGE analysis of recombinant bovine leptin (rbleptin) purified. This 
recombinant leptin (d) at the final step of the purification was indicated by arrow. The rbleptin was concentrated in order to use the 
immunization into rabbit. All samples were stained with Coomassie Brilliant Blue. The lane marked M contains molecular weight 
markers for size indicated.
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Statistical analysis
The regression between plasma leptin levels and age of
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Figure 2. Western blot analysis of recombinant bovine leptin with 
anti-bovine leptin rabbit antiserum. Purification of recombinant 
bovine leptin (lane 2) was confirmed by comparison with 
commercial bovine recombinant leptin (Diagnostic Systems 
Laboratories, Webster, Tex., USA, lane 1). Proteins were 
visualized by Western blot analysis using anti bovine leptin rabbit 
antiserum generated. The lane marked M contains molecular 
weight markers for size indicated.

cattle was analyzed by GLM procedure of SAS (version 
9.1.3; SAS Institute Inc., Cary, NC). As a preliminary 
analysis, a covariance model was used to access the effect 
of sex and the interaction of sex and animal age on the 
regression. Because the effect of sex was significant, the 
regression analysis was individually performed in each sex. 
Carcass characteristics were also analysed by the ANOVA 
procedure of SAS in the finishing animal studies. The 
changes in plasma leptin concentration over fattening 
period were analysed by the MIXED procedure of SAS 
(version 9.1.3; SAS Institute Inc., Cary, NC) in the fattening 
trial. The Tukey’s multiple range test was used to identify 
the difference among the means. The differences were 
considered significant at p<0.05.

RESULTS AND DISCUSSION

The SDS-PAGE showed approximately 42 kDa protein 
in the extract of E. coli overexpressed GST-leptin fusion 
protein (Figure 1A). Fractionation using GSH-affinity beads 
separated the protein having 42 kDa molecular weight 
(Figure 1B). Proteins with 16 kDa and 26 kDa were 
produced using thrombin treatments which were 
corresponding to the molecular weights of leptin and GST, 
respectively (Figure 1B). Purified 16 kDa rbleptin fraction 
was obtained using glutathione-affinity beads and presented 
in Figure 1C. The purified rbleptin and commercially 
available bovine leptin showed the same single band on the
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Figure 3. Fractionation of 125I-labeled leptin and free 125I by gel filtration. Radioactivity of each fraction was measured at a dilution of 
1:100 with incubation buffer. Fraction number 14 and 15 were adopted for RIA, fraction number 21 and 22 proved to be unusable for 
RIA.

gel (Figure 2). Generally, when many GST-fusion proteins 
are overexpressed in E. coli, these proteins are partially or 
completely insoluble and make inclusion bodies because of 
protein aggregation. Once these aggregates are formed, it is 
very difficult to solubilize them. Therefore, E. coli 
overexpressed GST-leptin fusion protein was cultured under 
the mild induction conditions, such as low temperature 
(22°C) and for longer time (overnight) or semi-mild 
condition (at 30°C for 8 h), for suppressing the production 
of inclusion body. We decided the optimal temperature for 
producing rbleptin efficiently. Consequently, we could 
acquire the soluble GST-leptin fusion protein to our 
expectation as depicted in Figure 1A).

For validation of RIA, commercial rbleptin was labeled 
by 125I. Free and protein bound 125I were separated by a 
gel filtration chromatography (Figure 3). The specific 
radioactivity was 40-60 卩 Ci/卩 g in the 125I-labeled leptin. 
The binding of 125I-labeled leptin and the diluted 
antiserum was determined for deciding appropriate dilution 
ratio of antiserum using RIA (Figure 4A). The binding of 
labeled leptin was decreased with the dilution (from 1:100 
to 1:5,000) of antiserum. The radioactivity of bound/total 
labeled rbleptin was 33% at the dilution of 1:2,000. 
Therefore, the dilution ratio at 1:2,000 was adopted for RIA. 
The immunoreactivity of obtained antisera had shown 
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enough binding activity to radio-labeled rbleptin in the 
antiserum-dilution test. The rbleptin antisera from other 
purification method using chicken didn’t respond to 
standard curve test in the final RIA validation step. 
Additionally, commercial rbleptin not purified rbleptin was 
used only for the standard indicator because of high price 
and objectivity.

The standard bovine curve exhibited almost linear 
relationship (Figure 4B), which allowed the determination 

of plasma leptin concentration between 1 ng/ml to 64 ng/ml. 
About 100 jil bovine plasma sample was used in this RIA 
which has a sensitivity to detect 1 ng leptin/ml of plasma.

The measured B/B0 in diluted bovine plasma sample 
showed the parallelism with the standard curve (Figure 4C), 
although any linear trend in the dilution test of this RIA 
with chicken, goat, horse and rabbit serum was not detected 
(data not shown). Other studies using ruminant-specific 
leptin RIA showed that plasma leptin concentration was 4-7 
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ng/ml in calves (Ehrhardt et al., 2000) or ranged between 
3.4 and 13.7 ng/ml in adult cattle (Delavaud et al., 2002). 
Additionally, it was proposed that the limited range might 
cause the difference of the effect significance in the results 
that the detectable range with multi-species RIA was 
practically below 5 ng/ml (Ehrhardt et al., 2000; Delavaud 
et al., 2002). Therefore, the analytical range of the present 
RIA is likely to satisfy the determination of plasma leptin 
concentration in cattle.

The recovery of added rbleptin into bovine plasma was 
95.4±6.5 percent. The intra-assay coefficient of variation 
(CV) was 4.12% and the inter-assay CV was 7.37%. The 
results of recovery test and plasma dilution test verified that 
plasma constituents did not affect the determination of 
leptin.

Plasma concentration of Vitamin A decreased with 
advancing age of Wagyu crossbred steers and heifers 
(Figures 5A, B). Plasma concentration of Vitamin A has 
shown strong inverse relation with the age of heifers (r2 = 
0.474) and steers (r2 = 0.441). In agreement to present 
findings, several studies (Kumar and Scarpace, 1998; 
Kumar et al., 1999; Bonet et al., 2000) demonstrated that 
retinoic acid inhibited leptin secretion from adipose tissue 
of rodents, indicating that leptin expression was directly 
under negative control by retinoids. However, Tokuda et al. 
(2001) reported that plasma leptin was not related with 
vitamin A level in cattle. Our data suggested that the plasma 
leptin level is related with plasma vitamin A. This 
relationship have special meaning for Japanese commercial 
beef farms where dietary vitamin A concentration 
considered important to control marbling index in fattening 
cattle.

The plasma leptin concentrations in Wagyu crossbred 
steers and heifers are presented in Figures 5C and 5D. 
Plasma leptin level was directly related to the age of Wagyu 
crossbred steers (r2 = 0.264) and heifers (r2 = 0.202). A 
plasma leptin concentration was reported to be positively 
correlated with adipose tissue mass in sheep (Delavaud et 
al., 2000) and in cattle (Ehrhardt et al., 2000). The previous 
study reported that the expression of leptin mRNA was 
higher in larger adipocytes in beef cattle (Yang et al., 2003) 
and recent study indicated that bovine Ob-Ra, Ob-Rb and 
Ob-Rc mRNA were strongly expressed in the 3 adipose 
depots (intermuscular, perirenal and subcutaneous) of 
fattening cattle (Kawachi et al., 2007), suggesting that 
adipose tissue might be vigorously controlled by leptin 
signaling. Because the adipocyte size is increased during 
fattening and the accumulation of body fat was mainly 
result from enlargement of adipocytes (Cianzio et al., 1985), 
fattening probably increases plasma leptin concentration 
through increasing adipocyte size. In the present study, the 
plasma leptin concentration also increased gradually 
(p<0.001) with the age of fattening Wagyu steers (Figure 6).
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Figure 6. Plasma (mean±SE) leptin concentrations in Wagyu 
steers (n = 10) during fattening period. Means with the different 
letter (a, b, c) are significantly different (p<0.001).

The highest concentration of plasma leptin (11.6±1.03 
ng/ml) in the Wagyu steers was noticed at 25 months of age. 
In contradiction to present finding, some studies using the 
multi-species RIA showed lower circulating plasma leptin 
concentrations (8 ng/ml) in 27 month old Wagyu steers 
(Kawakita et al., 2001; Tokuda and Yano, 2001). Although 
in the present study the plasma leptin was not determined 
using the multi-species RIA, it may be postulated that the 
multi-species RIA underestimated the bovine plasma leptin 
in previous studies (Delavaud et al., 2002). Ehrhardt et al. 
(2000) also demonstrated that plasma leptin concentrations 
measured by a bovine specific RIA were higher than those 
measured by the multi-species RIA in growing cattle.

During experimental period, mean concentration of 
plasma leptin was higher in heifers (14.0±0.4 ng/ml) than in 
steers (13.1±0.3 ng/ml). However, the results of covariate 
analysis indicated that the intercept for plasma leptin in 
heifers was significantly (p<0.05) higher than steer, i.e., the 
plasma leptin level was higher in the heifers than in the 
steers but the rate of increase did not differ between the 
heifers and the steers. An inverse relationship between 
plasma concentration of leptin and vitamin A was noticed in 
both steers and heifers (Figures 5E, 5F). This relationship 
was stronger in heifers (r2 = 0.375) than in steers (r2 = 
0.249). Generally, the heifers accumulate more body fat 
than steers, which probably induced the high plasma leptin 
concentration in heifers (Murphey et al., 1985; Tokuda and 
Yano, 2001). Other studies (Havel et al., 1996; Saad et al., 
1998) reported that plasma leptin levels were higher in 
women than in men, regardless of fat mass. Estrogen is 
known to stimulate leptin production and secretion (Tanaka 
et al., 2001). Testosterone was reported to inhibit leptin 
secretion (Wabitsch et al., 1997). There results suggested 
that different sex hormones may explain the high levels of 
leptin in heifers. Further studies are necessary for clarifying
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Table 1. Mean (±SE) carcass characteristics, plasma vitamin A and total cholesterol in the Wagyu and its crossbreds
Crossbred1 steers Crossbred1 heifers Wagyu steers p-value

n 27 18 10
Age, mo 21.4±0.6 20.8±0.8 26.6±0.5
Slaughter weight (kg) 503.4±9.5a 430.5±10.1ab 418.8±11.1b 0.0001
Ribeye area (cm2) 49.2±0.8a 48.0±1.5a 51.7±1.2a 0.1624
Dressing yield (%) 70.3±0.3a 71.0±0.3a 73.6±0.3b 0.0001
Subcutaneous fat (cm) 2.4±0.3a 2.6±0.2a 2.7±0.2a 0.4613
BMS2 3.4±0.3a 4.2±0.4a 5.3±0.4b 0.0033
Vitamin A (IU/dl) 28.2±2.3a 27.3±4.3a 41.2±1.1b 0.0241
T-cholesterol (mg/dl) 138.5±5.4a 125.5±5.9a 185.7±9.8b 0.0001
a, b Mean within same row bearing different superscripts are different at the given p value.
1 F1 of WagyuxHolstein. 2 Beef marbling standard (BMS; 1-12, No.1 is the lowest grade).

why a plasma leptin level is higher in heifers than in steers.
Carcass evaluation, plasma vitamin A and cholesterol in 

Wagyu steers and crossbred cattle are presented in Table 1. 
Wagyu steers has lower slaughter weight, plasma vitamin A 
and cholesterol concentrations than crossbred steers and 
heifers. Higher dressing yield and BMS score were noticed 
in Wagyu cattle than in crossbred steers and heifers. Ribeye 
area and subcutaneous fat were similar in Wagyu steers and 
crossbred cattle. Similar to present result Lee et al. (2007) 
reported lower slaughtering weight and carcass yield in Jeju 
native cattle, a close relative of Wagyu, than its crossbreds.

CONCLUSIONS

In conclusion, a bovine specific RIA method was 
successfully developed to determine the plasma circulating 
leptin in cattle. This RIA method would offer an 
opportunity to estimate plasma leptin more precisely and 
will probably replace the multi-species RIA method. Plasma 
leptin in Wagyu cattle and its crossbreds increased with 
advancing age. Plasma vitamin A has shown an inverse 
relationship with plasma leptin concentration in Wagyu 
crossbred steers and heifers which may have special 
meanings for Japanese commercial beef farms where 
dietary vitamin A concentration is important to control 
marbling index in cattle.
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