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Summary We have previously reported that the feeding of a beef 

tallow diet gives lower lipoprotein lipase activities in the interscapuler 

brown adipose tissue, heart and soleus muscle compared with feeding of a 

safflower oil diet. We have also suggested that sympathetic activities 

(norepinephrine turnover rates and ƒÀ-adrenergic receptor bindings) in 

these peripheral tissues were lower in the beef tallow diet group. To 

confirm the effects of dietary fats on the lipoprotein lipase activities in 

these tissues related to sympathetic activities, rats were chemically sym

pathectomized by treatment with 6-hydroxydopamine. The sym

pathectomized rats and control rats were meal-fed with a beef tallow diet 

or a safflower oil diet for 8 weeks. Sympathectomy abolished the differ

ences in lipoprotein lipase activities in the interscapuler brown adipose 

tissue, heart and soleus muscle between two dietary groups. The percent

age of body fat was increased by sympathectomy, resulting in no differ

ence between the beef tallow diet group and the safflower oil diet group. 

These results suggest that intake of the beef tallow diet decreased lipopro

tein lipase activities by reducing the sympathetic activities.
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Lipoprotein lipase (LPL; EC 3.1.1.34), a hydrolytic enzyme produced by 
many tissues, is rate-limiting for the removal of lipoprotein triacylglycerols from 
the circulation (1-3). LPL has its physiological site of action at the luminal surface 
of capillary endothelial cells where the enzyme hydrolyses the triacylglycerol 
component of circulating lipoprotein particles, chylomicrons and very low density 
lipoproteins, to provide free fatty acids and 2-monoacylglycerol for tissue utiliza
tion (1-3). LPL plays a primary role in triacylglycerol metabolism and as well as
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an important role in certain metabolic disorders, including obesity (4-6).
We have recently demonstrated that when rats were meal-fed isoenergetic diets 

(45% of energy as fat) based on beef tallow (rich in saturated and mono

unsaturated fatty acids) or safflower oil (rich in n-6 polyunsaturated fatty acid) for 

8-16 weeks, LPL activities in the interscapular brown adipose tissue (IBAT)
, heart 

and soleus muscle were lower in rats fed a beef tallow diet than in rats fed a 

safflower oil diet, and consequently greater body fat was accumulated in the former 

(7, 8). On the other hand, since LPL activities in IBAT, heart and soleus muscle 

are increased by ƒÀ-adrenergic stimulation (9-12), we examined the effect of the beef 

tallow diet intake on sympathetic activities in the IBAT, heart and soleus muscle 

compared with the safflower oil diet intake. It was clearly suggested in the previous 

study that ƒÀ-adrenergic receptor bindings and norepinephrine (NE) turnover rates 

in the IBAT, heart and soleus muscle were decreased by the intake of a beef tallow 

diet resulting from the decrease of membrane fluidities of those organs (13) . 

However, a question still remains whether or not the reductions of tissue LPL 

activities in the beef tallow diet group are independent of the decreases of sympa

thetic activities.

6-Hydroxydopamine (6-OHDA), a false neurotransmitter, is known to pro
duce chronic chemical sympathectomy, and it was generally used to examine the 
role of the sympathetic nervous system in the control of metabolic and hormonal 
responses (14, 15). In the present study, we directly investigated the relationship 
between LPL activities and sympathetic activities in the IBAT , heart and soleus 
muscle using chemically sympathectomized rats.

EXPERIMENTAL

All procedures involving animals were approved by the Experimental Animal 

Care Committee of the University of Tsukuba.

Animals. Male and female Sprague-Dawley rats (10 weeks old) were ob
tained from CLEA Japan. Rats were fed with CE-2, a commercial rodent diet 

(CLEA Japan) and given free access to water. They were mated at 12 weeks of 
age, and 36 male pups obtained were used in this experiment . The sympathectomy 
was performed according to the modification as described previously (16, 17). 
Nineteen pups were treated by i. p. injection with 0.6mmol/kg 6-hydroxydopamine 
hydrobromide (6-OHDA, Aldrich, Milwaukee, WI) dissolved in saline (final 
concentration; 0.6M) everyday for the first week and on day 14 and day 21 after 
birth. The remaining rats were treated with saline as a control . The validity of this 
protocol to produce effective sympathectomy accessed by both functional and 
biochemical means has been reported previously (14, 15).

After weaning (3 weeks of age), control and sympathectomized rats were fed 
nonpurified diet and water with free access through 5 weeks of age. At 5 weeks of 
age, 5 rats in each group were killed by decapitation. NE contents of the IBAT , 
heart and soleus muscle were analyzed in the rats described below , and it was
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confirmed that the NE contents were decreased to 3-10% of the control rats by the 
6-OHDA treatment .

Diets and experimental design. Then control (n=12) and sympathectomized 
rats were randomly divided into two subgroups: the safflower oil diet and beef 
tallow diet groups. The compositions of both diets have been described previously 

(7). Both diets provided 45, 35 and 20% of energy as fat, carbohydrate and 
protein, respectively. The metabolizable energy was 19.7kJ/g for the safflower oil 
diet and 18.4kJ/g for the beef tallow diet. The fatty acid compositions of safflower 
oil and beef tallow have been described previously (7); beef tallow consisted of 44% 
oleic, 27% palmitic and 18% stearic acids and safflower oil consisted of 79% 
linoleic acids.

The animals were individually caged at 22•}2•Ž, with light from 0700h-1900

h. Each group of rats was meal-fed the diet at 0800-0900h and 2000-2100h, and 

was given free access to water for 8 weeks. Food consumption of the control rats 

was adjusted by the meal-feeding method at the same metabolizable energy between 

the safflower oil diet group and the beef tallow diet group (Table 1), and was 

approximately the maximal amount of diet that rats could consume under the 

meal-feeding conditions. Food consumption of sympathectomized rats was also 

adjusted between dietary groups as described above. Approximately 80% of energy 

for the control rats were basically provided to the sympathectomized rats (Table 1). 

It has been confirmed that sympathectomized rats can consume this amount of food 

under meal-feeding conditions.

At the end of 8 weeks feeding on the experimental diet, the rats were killed by 

decapitation at 0800h. Blood was collected to obtain serum and IBAT, heart and 

soleus muscle were quickly removed, weighed, and stored at -80•Ž until analysis. 

Carcass samples were obtained by removing the head, liver, lungs, kidneys, spleen, 

testes, pancreas and digestive tracts and were stored at -20•Ž until analysis of 

carcass composition.

Table 1. Food consumption of rats fed both experimental diets.1

1 Values were calculated as the metabolizable energy of the diets.
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Serum and carcass analyses. Serum glucose and triacylglycerol were mea
sured enzymatically using kits, glucose C-II Test and Triglyceride G Test, respec
tively, purchased from wako Pure Chemical Industries (Osaka) . Serum insulin 
was determined by an enzyme immunoassay using a kit (insulin EIA kit) purchased 
from Sanko Junyaku Co., Ltd. (Tokyo). Carcass fat and protein were analyzed by 
the method of Mickelsen and Anderson (18).

NE contents in various tissues. NE contents in the IBAT , heart and soleus 
muscle were assayed by high-performance liquid chromatography with electro
chemical detection (Shimadzu Corp., Kyoto, Model LC-6A) as modified by Refsh
auge et al. (19).

LPL activities of various tissues. LPL activities of the IBAT
, heart and soleus 

muscle were measured by the methods described our previous paper (13) . Briefly, 

the tissues were prepared by the method of Mori et al . (20). The substrate for LPL 

was prepared according to the method of Nilsson-Ehle and Schotz (21)
, but using 

unlabeled triolein. The LPL activity assay was performed by incubation of the 

extract with the substrate at 37•Ž for 30min . The free fatty acids released during 

the incubation were measured enzymatically as described above . One unit of LPL 

activity is defined as catalyzing the release of lƒÊmol free fatty acid per hour .

Statistical analysis. Statistical differences in final body weight, tissue weights, 
carcass composition, serum components, NE contents and LPL activities were 
analyzed by two-way ANOVA and Scheffe's test (22) . Statistical differences in 
initial body weight were analyzed by Student's t-test.

RESULTS

Body weight, tissue weights and carcass composition

The dietary regimens were initiated at 5 weeks of age in both the sym

pathectomized and control rats. The initial body weight at 5 weeks of age was 
lower in the sympathectomized rats than in the control rats (Table 2) . During the 
experimental period, the sympathectomized rats showed a lower growth rate 
compared to the control rats (Table 2). Neither dietary fats nor sympathectomy 
affected the IBAT weight (Table 2). The weights of heart and soleus muscle were 
lower in the sympathectomized rats than in the control rats but were not signi

fi cantly different between the two dietary groups (Table 2) . The weight of abdom
inal adipose tissues were lower in the sympathectomized rats , however the percent
age of those tissues to final body weight was not affected by sympathectomy (range 
of mean values: 5.6-6.2%). In control rats, the carcass fat content was significantly 

greater (p<0.05) in the beef tallow diet group than in the safflower oil diet group 
(Table 2). On the other hand, the percentage of carcass fat was increased by 
sympathectomy in both dietary groups, with no difference between them (Table 2) . 
The percentage of carcass protein was not affected by either dietary fats or 
sympathectomy (Table 2).
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Table 2. Effects of the dietary fats on body weight, abdominal adipose tissue weight 

and carcass composition in synpathectomized rats.1

1 Values are means•}SE for 5-7 rats . •õ statistically significant difference (p<0.01) 

from the control (Student's t-test). * Statistically significant difference (p<0.05) 

from the safflower oil diet group. •˜ Statistically significance (p<0.05) from the 

control (two-way ANOVA and Scheffe's test). BAT, brown adipose tissue; WAT, 

abdominal white adipose tissues (epididymal, perirenal and mesenteric).

Table 3. Effect of the dietary fats on serum glucose, free fatty acids and triacyl

glycerol levels in sympathectomized rats.l

1 Values are means•}SE for 5-7 rats. * Statistically significant difference (p<0.05) 

from the safflower oil diet group. •˜ Statistically significant difference (p<0.05) from 

the control (two-way ANOVA and Sheffe's test).

Serum glucose, free fatty acids and triacylglycerol concentrations
Neither dietary fats nor sympathectomy affected the level of serum glucose 

(Table 3). The sympathectomy elevated the serum levels of insulin and tri
acylglycerol (Table 3). The serum insulin level of control rats was significantly 
higher in the beef tallow diet group (p<0.05), whereas no dietary effect was 
observed on the levels in sympathectomized rats (Table 3). The serum tri
acylglycerol level was significantly higher (p<0.05) in the beef tallow diet group, 
however the difference between the two diet groups was not significant in the 
sympathectomized rats (Table 3).
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NE content in various tissues

In the control rats, the NE content in IEAT, heart and soleus muscle was 
lower in the beef tallow diet group (Fig. 1), and these results were similar to those 

previously reported. The tissue NE content was decreased to 4-15% of the control 
rats in IEAT, heart and soleus muscle by the 6-OHDA treatment.

LPL activities in various tissues

In the control rats, LPL activities in the IBAT, heart and soleus muscle were 
lower (p<0.05) in the beef tallow diet group than in the safflower oil diet group 

(Fig. 2). Sympathectomy decreases LPL activities in various tissues, with no

Fig. 1. Norepinephrine content in the IEAT, heart and soleus muscle in rats fed the 

beef tallow diet or the safflower oil diet. Values are means and SE for 5-7 rats. 

•˜ Statistically significant difference from the control. Differences with p<0.05 

(ANOVA and Scheffe's test) were considered to be significant.

Fig. 2. Lipoprotein lipase activity in the IEAT, heart and soleus muscle in rats fed 

the beef tallow diet or the safflower oil diet. Values are means and SE for 5-7 

rats. * Statistically significant difference from the safflower oil diet group. 

•˜ Statistically significant difference from the control. Differences with p<0.05 

(ANOVA and Scheffe's test) were considered to be significant.
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difference between the two dietary groups (Fig. 2). The reduction rates of LPL 
activity by sympathectomy was greater in the safflower oil diet group (37.6vs. 
22.4% for IBAT, 31.4vs. 8.0% for heart, 24.8vs. 6.3% for soleus muscle).

DISCUSSION

We clearly showed that sympathectomy by 6-OHDA treatment dramatically 

reduced LPL activities in the IBAT, heart and soleus muscle, and it suggested that 

LPL activities in these tissues were regulated by the sympathetic nervous system.

It is well known that 6-OHDA destroys the whole neuron if administered to 
new-born animals, and it provides a permanent sympathectomy (14, 15). There
fore, 6-OHDA treatment is an established method for sympathectomy. Further
more, 6-OHDA treatment does not affect any physiological characteristics other 
than the sympathetic nervous system (14, 15). Tissue NE levels adequately reflect 
sympathetic innervation of the IBAT, heart and soleus muscle. Since the NE 
content in the IBAT, heart and soleus muscle decreased to 4-15% of the control 
rats, we confirmed that sympathectomy was complete in this experiment. In 
addition, none of the rats treated with 6-OHDA died.

Other studies have shown that the adrenal medulla is not affected by 6-OHDA 

and that it continues to produce and secrete catecholamines in an effort to 

compensate for the absence of an intact peripheral sympathetic nervous system 

(14). However, the NE and epinephrine levels in the adrenal glands were not 

affected by either dietary fats or sympathectomy (ranges of mean values: 2.5-2.9

ƒÊ g/tissue for NE and 3.7-4.2ƒÊg/tissue for epinephrine) in this experiment. These 

results suggest that catecholamines from the adrenal glands are less concerned with 

LPL activities in the IBAT, heart and soleus muscle.

The lower levels of LPL activities in the IBAT, heart and soleus muscle of the 
sympathectomized rats suggest that blood triacylglycerol was taken into these 
tissues at a lower rate in the sympathectomized rats than in the control rats; this 
view is consistent with the higher level of serum triacylglycerol in the former than 
the latter. On the other hand, it may be thought that the hyperglycemia observed 
in the sympathectomized rats was caused by the increase of lipogenesis in the liver 
and adipose tissues, and the release of triacylglycerol from the liver (23). However, 
since we used a high-fat and low-carbohydrate diet (45, 35 and 20% of energy as 
fat, carbohydrate and protein, respectively) in this experiment, the contribution of 
lipogenesis in the liver and white adipose tissues to the higher triacylglycerol level 
in the sympathectomized rats appears to be minor.

The sympathectomized rats had lower body weights than the control rats and 

gained less weight during fat diet-feeding because the former had lower food intake 
than the latter. On the other hand, the sympathectomized rats had a greater 

percentage of carcass fat than the control rats, suggesting that the lower sympathet
ic activity promoted body fat accumulation. Since the IBAT, heart and skeletal 
muscles play important roles in energy expenditure (e.g., basal metabolism, diet
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induced thermogenesis) and fat oxidation (24, 25), the lower levels of LPL ac

tivities in these tissues may decrease energy expenditure. Our previous study 

showed that intake of a beef tallow diet decreases LPL activities in the IEAT, heart 

and soleus muscle compared with intake of a safflower oil diet in rats, and suggested 

that this effect of a beef tallow diet is at least in part due to lower sympathetic 

activity, NE turnover and ƒÀ-adrenergic receptor bindings in the IEAT, heart and 

soleus muscle (13). These points strongly suggest that intake of the beef tallow diet 

produces larger body fat accumulation, probably due to the lower LPL activities 

resulting from the lower sympathetic activity.

LPL activity is regulated by nutritional and hormonal factors (1, 26). Serum 

insulin increases LPL activity in the adipose tissue but inhibits that in the heart with 

meal ingestion (26) by a mechanism which does not involve the sympathetic 

nervous system in these tissues (possibly, post-transcriptional regulation of the LPL 

gene). In this study, the serum insulin level increased in the sympathectomized 

rats, with no difference between the two diet groups. This result suggests that 

sympathectomy promotes hormone release from pancreatic ƒÀ-cells. We previously 

reported that the NE turnover rate in the pancreas was lower in the beef tallow diet 

group than in the safflower oil diet group, in accordance with the higher serum 

insulin level in the former (8). These results suggest that the higher serum insulin 

level in the beef tallow diet group was caused by reducing sympathetic activity in 

the pancreas.

In conclusion, the present study demonstrated that the reduction of sympathet

ic activity causes a decrease in the LPL activity in the IEAT, heart and soleus 

muscle, and suggested that beef tallow diet decreases LPL activity by reducing the 

sympathetic activity in these tissues.
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