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Attempts were made to elucidate the effect of yam (Dioscorea alata) on the hypercholesterol 
diet. Twenty-four male Wistar rats were used and treated with corn oil, high dose of cholesterol 
(10%) and yam (40%). It was found that excess cholesterol and yam resulted in a stimulatory 
effect on the growth of rats. The enlargement of liver increased after 2 weeks with treatment of 
excess cholesterol (p<0.05). Such symptom was prevented in the group supplemented with yam. 
The level of triglyceride and cholesterol in the plasma of rats was significantly reduced by yam, 
even when rats were treated with excess cholesterol at the same time. The activity of plasma 
aspartate transaminase (AST) and alanine transaminase (ALT) were significantly increased as soon 
as rats were treated with excess cholesterol and yam in the 1-2 weeks. However, such activity 
was not observed when the rats were only treated with excess cholesterol for 4-8 weeks. These 
data demonstrated that yam might inhibit the acute induction of hypertriglyceridemia and liver 
enlargement in hypercholesterol diet rats.
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INTRODUCTION

Yams are major food crops in West Africa, the Caribbean, islands of the south Pacific, South-East Asia, India 

and parts of Brazil1-5. Nutritionally, yam constitutes a better source of ascorbic acid and protein than cassava6.

It is estimated that there are more than 600 species in the world, 93 of which are found in China and 14 of 

those in Taiwan7. Yam tubers provide much of the carbohydrates in many tropical countries. In addition, it is used 
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in Chinese herbal medicine and was first described in the Shennong Benchao Jing as the "Chinese yam." Chinese 

yam is commonly used in Chinese medicine to strengthen stomach function, improve anorexia, and eliminate 

diarrhea8. In Taiwan, yam is also used as tonic nourishment and is considered a potential functional food. Effects 

of Taiwanese yam on upper gut structure and physiologic function have not been investigated. Although the 

mechanisms by which yams modulate gastrointestinal function have not been elucidated, yams may stimulate 

the proliferation of gastric epithelial cells and enhance digestive enzyme activities in the small intestine. 

Therefore, we hypothesized that consumption of yams would modulate the physiologic function of the upper 

gut. hypercholesterolemia has become a major cause of mortality throughout the world9. Hypercholesterolemia 

due to high levels of low-density lipoprotein (LDL) cholesterol (C), hypertriglyceridemia often associated with 

low values of high-density lipoprotein (HDL)-C, and especially combined hyperlipidemia are all associated with 

increased risk factors in the develop of atherosclerosis, cardiovascular diseases and thrombotic diseases.

Yam tuber contains viscous mucilage composed of soluble glycoprotein, dietary fiber10 and plant 

saponins (diosgenin) that may modulate lipid metabolism11-13. Soluble polysaccharides, especially viscous 

fiber, have consistently been shown to reduce serum total and low-density lipoprotein (LDL) cholesterol levels 

in hyperlipidemic models but not always in healthy subjects11. Therefore, the effects of diets enriched with 

Taiwanese yam on lipid metabolism in a high cholesterol model remain to be investigated. To investigate the 

effect of yam on hypercholesterol diet, a study of the hypercholesterolemia character of pure cholesterol with or 

without supplement of yam was undertaken by using male wistar rats.

MATERIALS AND METHODS

Animals
Male weanling Wistar rats were purchased from National Taiwan University Hospital. They were kept in 

an air-conditioned room (23±1℃, 50–60% humidity) lit for 12 h per day (07:00–19:00 h). After acclimating 

for 2 weeks with a commercial non-purified diet (Rodent Laboratory Chow 5001, Pruida Co., USA), 24 rats 

were divided into four groups. Six rats in each group were assigned to receive an 8-week course of one of 

four formulated diets (Table 1). The diets were formulated as described previously by American Institute of 

Nutrition (AIN)14 because this formula is still commonly used in spite of new one recommended by AIN in 

1993. The lyophilized uncooked yam (Dioscorea alata) powder prepared from Keelung yam (Keelung, Taiwan). 

The form of cholesterol (99.9% purity) was supplied by Wako Chemical (Osaka, Japan). Water and food were 

always available. After treatment for 1, 2, 4 and 8 weeks, 6 rats from each group were weight and sacrified after 

anesthetizing with diethyl ether. The blood was obtained from the abdominal aorta. The liver was cut out, weight 

and divided by body weight to get the percentage of ratio as the hepatosomatic index. Plasma was collected by 

centrifugation (1,000 x g for 15 min). plasma cholesterol, triglyceride, aspartate transaminase (AST) and alanine 

transaminase (ALT) activities were determined by a Microprocessor Clinical Chemistry Analyser (Cobas Mira, 

Switzerland) with enzymatic kits (E. Merck, Germany).
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Statistical analysis
Statistical analysis for differences among rats in the experimental groups was performed by the 2-way 

analysis of variance procedure and Duncan's new multiple range tests15. A P value<0.05 was considered 

statistically significant.

RESULTS AND DISCUSSION

The effects of excess cholesterol and yam on the body weight of rats are shown in Fig. 1. After 8 weeks of 

treatment, the body weight of rats in yam+cholesterol group was significantly heavier than that of control and 

yam groups (p<0.05). It means that excess cholesterol and yam showed stimulating effect on the body weight 

of rats. The effects of excess cholesterol and yam on the hepatosomatic index of rats are shown in Fig. 2. The 

hepatosomatic index of rats in cholesterol group was significantly greater than the other groups after treatment 

for 2 weeks (p<0.05), but it became normal was increased after 2 weeks of treatment with excess cholesterol, 

and yam could inhibit the effect of excess cholesterol on the enlargement of liver16 also pointed out that the 

high dose of cholesterol caused liver enlargement in rats. Fig 3 shows the effects of excess cholesterol and yam 

on triglyceride levels of plasma in rats. Excess cholesterol induced increase of triglyceride concentration in 

rats of cholesterol group. Similar results were also reported by other groups17,18. As shown in Fig. 3, yam could 

effectively reduce the level of triglyceride in the plasma of rats even when excess cholesterol was added at 

the same time. The reducing effect of yam on the level of triglycerides in the plasma of rats was also reported 

as previously described19, 20. From this result, the hypertriglyceridemia induced by hypercholesterol diet is 

obviously interfered with by yam intake.

Table 1.    Composition of the experimental diets for animal diet of yam and cholesterol 

Ingredient
Diets

Basel diet (%) Yam diet (%) Cholesterol diet (%) Yam+Cholesterol diet (%)

Casein 20 20 20 20

Methionine 0.3 0.3 0.3 0.3

Cellulose 5 5 5 5

Corn oil 2 2 2 2

Cholesterol 0 0 10 10

Yam power 0 40 0 40

Choline 0.2 0.2 0.2 0.2

AIN Mineral mix 3.5 3.5 3.5 3.5

AIN vitamin mix 1 1 1 1

Corn starch 68 28 58 18
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Excess cholesterol did not increase the cholesterol level in the plasma of rats (Fig. 4.). Yam significantly 

reduced the cholesterol level in the plasma of rats, even when the rats were treated with excess cholesterol at the 

same time. This result was also reported by several other groups21, 22, but it was not found and quality of yam 

or the difference in experimental conditions. The effects of excess cholesterol and yam on the AST and ALT 

Fig 2.   Effects of cholesterol and yam on hepatosomatic index of rats at 1, 2, 4 and 8 weeks. a-b: values in 
the same week with different superscript are significantly different (P< 0.05).

Fig 1.   Effects of cholesterol and yam on the body weight of rats at 1, 2, 4 and 8 weeks. a-c: values in the 
same week with different superscript are significantly different (P< 0.05).
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activities of the plasma in rats are shown in Fig. 5 and 6. After treatment for 1 week, the yam+cholesterol group 

presented higher AST and ALT activities than those of the other groups. The activities of AST in the rats of the 

yam group and the yam+cholesterol group are also higher than that of the other groups on 2 week. The activities 

of AST and ALT in the plasma were generally tested as indicators for liver function23. It means that yam could 

Fig 4.   Effects of cholesterol and yam on cholesterol level in the plasma of rats at 1, 2, 4 and 8 weeks. a-b: 
values in the same week with different superscript are significantly different (P< 0.05).

Fig 3.   Effects of cholesterol and yam on triglyceride level in the plasma of rats at 1, 2, 4 and 8 weeks. a-c: 
values in the same week with different superscript are significantly different (P< 0.05).
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induce a change of liver functions when the excess cholesterol was ingested at the same time, but excess 

cholesterol only did not induce any change. The reason for liver impairment is still unclear. Rule et al.16 reported 

that the high activity of AST and ALT in the plasma was a symptom of hypercholesterol diet. On the other hand, 

cholesterol could induce the production of thiobarbituric acid reactive substances (TBARS) and thus damage the 

Fig 6.   Effects of cholesterol and yam on activity of alkaline phosphatase (ALP) in the plasma of rats at 1, 2, 
4 and 8 weeks. a-b: values in the same week with different superscript are significantly different (P< 0.05)

Fig 5.    Effects of cholesterol and yam on activity of aspartate transaminase (ASP) in the plasma of rats at 
1, 2, 4 and 8 weeks. a-b: values in the same week with different superscript are significantly different (P< 
0.05).
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liver24, 25. Therefore, the change in liver function might be effected by excess cholesterol.

Summer the above results: the level of plasma triglyceride immediately increased, and then the liver 

enlargement occurred in the rats treated with one mega dose of cholesterol. The activities of AST and ALT in the 

plasma of rat were not affected by excess cholesterol. Therefore, the liver enlargement and high level of plasma 

triglyceride in rats are two major symptoms of hypercholesterol diet as in previous reports26, 27. On the other 

hand, yam immediately reduced the levels of plasma triglyceride and cholesterol, but an increase of AST activity 

followed in the plasma of rats treated with a dose of yam. However, a decrease of triglyceride level and increase 

of AST and ALT activities were found in the plasma of rats treated with excess cholesterol and yam. Thus, yam 

significantly inhibits the hypertriglyceridemia and liver enlargement of high fat, high cholesterol diets have been 

shown to accumulate oxidized lipids and related products in certain tissues (e.g. blood, liver arteries) and induces 

the expression of several inflammatory and oxidative stress-related proteins both in vitro28-30 and in vivo31-33. 

The affected symptoms include liver enlargement, increase of plasma triglyceride and cholesterol and enzymatic 

activities of AST and ALT. These symptoms, caused by both a single mega dose of cholesterol and yam in rats, 

were quickly reduced, but were similar from those caused by hypercholesterol diet in humans. The causes of this 

difference require further studies.
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山藥抑制餵食高膽固醇老鼠所引起之肝臟腫大

和高膽固醇症
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研究台灣產山藥對於食用高膽固醇的老鼠之影響，以24隻雄性Wistar老鼠分別餵食高劑量
膽固醇 (10%) 和山藥 (40%) 實驗發現，餵食高劑量膽固醇和山藥對老鼠的成長和體重有刺激
增加的作用。餵食過量的膽固醇會造成有肝臟腫大的現象 (P<0.05)，但餵食山藥之後會減少肝
臟腫大的症狀產生。以高劑量的膽固醇和山藥餵食老鼠可以減少餵食老鼠體內三酸甘油酯和

膽固醇的含量。在第一週和第二週餵食高劑量的膽固醇和山藥對於老鼠的肝功能指標aspartate 
transaminase ( AST ) 和alanine transaminase (ALT) 會有上升的影響，但在第四週之後與對照組比
較，則無差異性，由實驗結果顯示餵食山藥可減少老鼠服用高膽固醇所引起的肝臟腫大和高膽

固醇症的現象產生。
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