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			Abstract

			Introduction: Flor-Essence (FE) is an herbal tea with eight ingredients. And it has many functions such as enhancing immunity and anti-tumor. This article aims to investigate the effect of Flor-Essence on high-energy diet mice. 

			Methods: The mice were fed with high-fat and high-sugar for 22 days. The blood glucose level and liver index were measured by Blood glucose meter. The exploratory ability and learning and memory ability of the mice were tested by open field and platform experiments.

			Results: Short-term high-fat and high-sugar feeding increased blood glucose in mice and significantly damaged liver compared with CTRL; Flor-Essence significantly reduced blood sugar, I inhibited liver damage and reduced liver coefficient. High-energy diets can significantly reduce learning ability, and Flor-Essence can improve learning and memory in high-energy diet mice. 

			Conclusion: Flor-Essence can impede the changes of blood sugar in high-energy diet rats protect against the liver damage and enhance learning ability.
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			Introduction

			High-energy diets refer to a class of foods that mainly contain higher levels of fats and/or carbohydrates. Studies have shown that high-energy diet can cause animal fat cells to proliferate excessively, thus producing obesity. Obesity can further cause impaired glucose tolerance, insulin resistance, dyslipidemia and diabetes [1-4]. Long-term consumption of high-fat and high-sugar foods can cause metabolic disorders, hyperglycemia, hyperlipidemia, liver and kidney damage, which causes abnormal metabolism of carbohydrates, proteins and fats, and high triglyceride blood in type 2 diabetes [5]. The pathological changes of hypercholesterolemia are similar. Therefore, the development of nutritional synthetic agents that can replace high-energy diets has attracted more and more attention to assisting medical products.

			Flor-Essence (FE) is a food-grade natural herbal formula exclusively produced by Flora, Canada [6]. FE, also known as “Nurse Water”, is an herbal tea consisting of eight herbs including Arctium lappa L, Ulmus rubra Muhl, and Sheep sorrel (Rumex acetosella L.), Rheum palmatum L, Cnicus benedictus L, red clover (Trifolium pratense L.), Nasturtium officinale R. Br, kelp 

(Laminaria digitata Lmx.). Ammar Saleem et al., [7] demonstrated that bioactive substances in FE are mainly phenolic substances, including phytosterols, terpenoids, saponins and plant isoflavones. Flor-Essence Tonics are commercially available complex mixtures of herbal extracts sold as dietary supplements and often used by cancer patients based on anecdotal evidence of positive benefit [8,9]. In a recent survey at a large integrative cancer center in the United States, 38% of patients reported using herbs and overall, 4.9% used the Flor-Essence tonic [10]. Flor-Essence tonic is manufactured in Canada where approximately forty thousand units of tonic and dried herbs are distributed to customers in Canada, the United States and internationally each month [11]. 

			Studies have shown that the terpenoids contained in FE mainly have antibacterial, anti-inflammatory, anti-viral, anti-oxidation, antihypertensive, weight loss and other pharmacological effects. FE is used as a nutritional supplement for the prevention of chronic diseases and the improvement of symptoms, but the intervention of FE on blood glucose suppression and learning and memory disorders caused by high-energy diet has not been reported yet. In this paper, Kunming mice were used as research objects to establish a high-energy diet model of mice. The changes of various functions of mice in the model group were observed. The effect of FE on high-energy diet mice was discussed. The abnormality and health caused by FE in preventing high-fat and high-sugar were observed. The application in protection provides theoretical and experimental basis.

			Materials and Methods

			Animal and supplementation with FE

			Kunming mice, 6-8 weeks old, were used in this experiment, half male and half female, with an average body weight of 27g, all purchased from SPF Laboratory Animal Center of Dalian Medical University. Mice were randomized into 3 groups: control group (n=8), high energy diet group (n=8), and FE treatment group (n=8).

			Twenty-four mice were randomly divided into 3 groups, 8 mice in each group, half male and half female. The control group (C) was given ordinary blocks, purchased from the SPF laboratory animal center of Dalian Medical University, fed with conventional feed, and double distilled water. High-energy diet group (HED), fed with high-fat diet containing 10% lard, 90% conventional feed, and water containing 5% sucrose, and double-distilled water.

			The FE treatment group (FE) from Flora company of Canada, was fed daily with the above-mentioned high-fat and high-sugar and was also administered with FE. The FE-treated mice were intragastric ally administered at a dose of 8.5μL of the body weight per gram of body weight. The other groups of mice were given the same volume of double distilled water daily for 22 consecutive days.

			Blood sugar assay 

			After 16 days, 20 days, and 21 days High energy diet feeding, the mice were fasted for 8-12 hours, massaged the tail vein of the mice, and quickly smashed the tail of the mouse with a blood collection needle, taking blood, and letting the blood flow naturally, and dripping quickly. A blood glucose meter was used to measure the glucose concentration in the peripheral blood of the peripheral vein of each group of mice.

			Blood lipid assay 

			After 22 days of gavage, the mice were fasted for 8 hours on an empty stomach, and the mice were removed from the eyeballs for blood collection. The obtained blood was allowed to stand at room temperature for 2 h or 370C for 1 h, and then placed at 40C for 3 h, the blood was coagulated, and the blood clots were shrunk and centrifuged at 4000 rpm for 10 min to separate the serum. Cholesterol (CHOL) and Triglyceride (TG) were detected using an automated biochemical detector.

			Organ index assay 

			The body weight (g) of the mice was weighed. The mice were sacrificed by cervical dislocation. Open the abdominal cavity of the mouse with a small pair of scissors in a sterile clean bench. Remove the liver, and the kidneys, and weigh the weight separately. The mean organ index of each group of mice was calculated according to the following formula: organ index = organ weight (mg) / body weight (g).

			Open field test

			The open field test is a method that reflects the behavior and mood of the mouse in the new environment and can be used to test the “excited” or “depressed” state of the central nervous system of the animal [12]. The market experiment box is a 100cm×100cm×50cm box with 25 equal squares on the bottom of the box. The open field experiment was carried out for 5 min [13]: the mice were placed in the center of the experiment box. The time of the mouse in the central grid and the activity in the open field were observed and recorded.

			Step-down test

			This experiment used a hopping recorder. The parameters were set before the experiment, the timing was 5 min, and the voltage was set to 32 V. The mice were placed in separate platforms on each reaction tank. The mice were free to move for 3 min to familiarize them with the experimental environment and let the mice have a short memory. Cover the cover with a transparent air hole and press the start button. The stainless-steel grid below the reaction tank will immediately pass 32 V. The mice were electrically stimulated, and the mice were stunned by electric shocks, looking for a platform to avoid electric shocks until they found and jumped onto the platform. When the infrared detector signal on the platform changes, the display shows that the latency parameter starts counting. The time when the mouse first jumped off the bottom of the reaction tank from the platform was the incubation period. If the mouse did not jump off the platform within 5 min, the incubation period was calculated as 5 min and the total number of shocks of the mice after the incubation period was recorded. The number of shocks the mouse received was the number of errors.

			Statistical analysis 

			The measurement data is expressed as mean ± SD, and statistical test was performed using SPSS 13.0 software. Inter-group = comparison with variance test. Correlation analysis used multiple linear regression.

			Results

			Effect of FE on blood sugar and blood lipids in high energy diet mice

			The blood glucose of the mice was measured at 16 days, 20 days, and 21 days, and there was no significant difference between the groups. At 22 days, the mice were sacrificed to detect cholesterol and triglyceride, and there was no significant difference between the groups.

			After 21 days of high-fat and high-sugar feeding, the blood glucose in the high-energy diet group was slightly higher than that of the control group, and the cholesterol and triglyceride values have no difference. The blood glucose level of FE-treated mice was lower than that of the high-energy diet group, but cholesterol and triglyceride had no significant difference. The results suggest that high-energy diets in the short-term have an effect on glucose metabolism, and FE can decrease the level of blood glucose in high-energy diet mice and keep glucose metabolism stable. No effect on lipid metabolism (Table 1).

			Table 1: Effect of FE on blood sugar and blood lipids in high energy diet mice.
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			Effect of FE on liver and kidney in mice

			Long-term consumption of high-fat and high-sugar can cause metabolic disorders, hyperglycemia, hyperlipidemia, liver and kidney damage, which is associated with abnormal metabolism of carbohydrates, protein and fat, and hypertriglyceridemia in type 2 diabetes. The pathological changes in hypercholesterolemia are similar.
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			Compared with the control group, the liver index of the high-energy diet group was significantly increased (Figure 1A). Compared with the high-fat and high-sugar diet group, the liver index of FE-treated mice was significantly lower (Figure 1A), while the renal index was not significantly different (Figure 1B). It can be shown that the high-fat and high-sugar diet has a significant effect on the liver of mice, but not on the kidney. The results suggest that FE has a significant protective effect on the liver of mice with high-fat and high-sugar diet.

			Effect of FE on spatial exploration ability of high energy diet mice

			Obesity, high-calorie diet, lack of physical activity, and aging are the most important factors in inducing type 2 diabetes. Persistence in physical exercise is also one of the ways to treat diabetes. Therefore, this study used open field experiments to analyze whether FE affects the exploration movement of mice. Within 5 minutes, the total distance of movement in the FE group was greater than that in the high-fat, high-sugar-fed mice, and the movement speed was faster (Figure 2). Thus, FE can promote the spontaneous movement of mice fed with high fat and high sugar. 
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			Effects of FE on learning and memory in high energy diet mice.

			Table 2: Effect of FE on learning and memory.
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			The latency of the mice in the high-energy diet group was significantly(*p<0.05) higher than that of the control group on the first day of testing; Mice with a high-energy diet and fed FE had significantly(*p<0.05) lower latency during the first day of testing than the high-energy diet. For all data, n: 3.

			Diabetes can lead to disorders of glucose metabolism and vascular disease, damage to the central nervous system, pathological changes, and subsequent development of diabetic encephalopathy. The main clinical manifestations are learning, memory loss and cognitive dysfunction. Compared with the control group, the ability of learning and memory was weak in the high-energy diet group, and the learning ability was significantly decreased (*p<0.05) (Table 2). The FE group learning and memory ability are better than the high-energy diet group. Improved, the learning effect is significant (*p<0.05) (Table 2). This reminds us that FE can improve the negative effect of high-energy diet on learning and memory.

			Discussion

			Type 2 diabetes (T2D) has become a major medical challenge in all countries [14]. In the United States, there are more than 78.6 million obese adults and approximately 29.1 million people suffer from T2D [15,16]. T2D is a degenerative disease characterized by insulin resistance and disrupted glucose and lipid metabolism. Insulin resistance prior to the development of T2D is a major cause of other obesity-related metabolic disorders such as T2D and fatty liver disease, dyslipidemia and cardiovascular disease [17].

			In recent years, the use of natural plants to prevent and improve diseases has become more and more interesting. Flor-Essence (FE), also known as the “nurse tea”, is widely used in North American cancer patients and it is an exclusive production of food grade natural herbal formula products made by Flora company of Canada. It contains eight kinds of herbs, which are burdock root (Arctium lappa L.), inner bark of slippery elm Ulmus (rubra Muhl.), sheep sorrel (Rumex acetosella L.), Turkish rhubarb root (Rheum palmatum L.), blessed thistle (Cnicus Benedictus L.), red clover (Trifolium pratense L.), watercress (Nasturtium officinale R.Br) and kelp (Laminaria digitata Lmx.) [7]. It has been reported that FE can improve the quality of life and inhibit tumor growth in cancer patients. Experimental studies on a variety of herbs have demonstrated that FE has many biological activities including antioxidant, anti-estrogen, immunostimulatory and anti-tumor effect [18].

			Flor-Essence has emerged as a functional food and has many functions such as anti-oxidation and immunity enhancement. Studies have shown that a high-fat diet is associated with hyperlipidemia and coronary heart disease [19]. High-sugar diets are prone to obesity and can also induce insulin resistance, manifested as hyperinsulinemia and elevated blood pressure [20,21]. In addition, the metabolism of sugar and lipids interacts with each other [22]. In this study, we simulate a high-energy diet in daily by feeding mice were with high-energy diet life. 

			The results showed that the blood glucose was higher in the high energy diet group than the normal group. FE could significantly reduce the blood glucose of the high-energy diet group. Thus, FE can improve the increase of blood glucose in high energy diet. What’s more, FE have no effect on normal control mice. This result suggests that FE can be used as a daily drink for people with high energy intake.

			Metabolic disorders and microvascular disease can cause abnormal brain function and form diabetic encephalopathy. With the increasing number of T2D patients, hypertension, coronary heart disease is also increasing. Furthermore, the influence of obesity and T2D on brain structure and function has been well established and shows a higher risk of cognitive decline and even dementia [23]. Previously, our lab induced T2D in mice by using alloxan monohydrate. We found that diabetes caused Spatial cognitive impairment in mice, which is mediated by different Subtypes of Estrogen Receptor (ERα) in the Hippocampus. Here, we analyze the impact of high-energy diets on animal learning and memory by step-down method, and anxiety by open field method. The result showed that - high-energy diets was able to decrease learning and memory [24]. In addition, high-energy diets can also induce mice anxiety. Interestingly, FE not only decrease the concentration of blood glucose, it is also improving learning and memory induced by high-energy diets.

			The liver is the main part of insulin action and insulin catabolism. The function of liver is closely related to sugar, fat and protein metabolism [25]. High-energy diets can easily cause fatty liver and affect liver function [26,27]. The increase of fat, sugar and protein in the dietary structure of China, especially the increase of animal food, has led to an increase in the incidence of fatty liver [28]. The experimental results show that FE has an inhibitory effect on the increase of liver coefficient in mice, indicating that FE can improve the abnormal symptoms of liver in mice fed with high-energy feed to a certain extent. Therefore, the study can evaluate the effects of high-energy diet on the health of mice from the liver index.

			According to reports in the literature, long-term high-fat and high-sugar feeding will develop into obese rats, and there will be brain tissue damage [29]. This experiment used the platform test to test the learning and memory ability of mice and analyze the brain health of high-energy diet mice. The experimental results show that FE has a reduced ability to respond to high-energy diet mice, and the number of errors increases. This result indicates that FE can improve the learning and memory in high-energy diet mice.

			Conclusion 

			FE has a certain inhibitory effect on the increase of blood glucose in mice and has a health-care function to help lower blood sugar. FE can improve the abnormal symptoms of the liver and the decline of learning and memory ability induced by high energy diet in mice. These results provide a theoretical basis for the wider application of FE health products.
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Figure 2A & 2B: Effect of FE on the total distance and average speed of high fat and high glucose diet mice in open field exercise. The total
distance of exercise in the high-energy diet mice was higher than that in the control group. The total distance of FE-fed mice was higher than

that in the high-energy diet group, but there was no significant difference(A). High-energy diet mice exercise faster than the control group,
and FE-fed mice move faster (B). For all data, n: 3
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Figure 1A & 1B: Effect of FE on liver and kidney in mice. After 22 days of feeding, the liver index (A) and renal index (B) of the mice were
determined. The liver index of the high-energy diet group (HED) mice was significantly higher than that of the control group. Compared with
the simple high-energy diet, the liver index of the FE group (FE) mice with high energy diet was significantly lower. However, there was
no significant difference in renal index between the three groups. The results showed that FE significantly affected the liver index during
high-energy diet and had no significant effect on the renal index. For all data, n: 3. Data presented as mean and *: represents statistical

significance (p<0.05).






