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 1 

ABSTRACT 2 

Nuzhenide and GI3, the principal secoiridoids of an extract obtained from the 3 

seeds of Fraxinus excelsior L. (FXE) are believed to be the active compounds 4 

responsible for the previously reported hypoglycemic effects of this extract. In this 5 

study, the effects of FXE were studied in two animal models which are representative of 6 

metabolic disorders: spontaneously hypertensive rats (SHR) and obese Zucker rats. 7 

SHR were acutely treated (oral gavage) with different doses of FXE. In addition, SHR 8 

and Zucker rats were chronically fed (20 or 5 weeks, respectively) with standard chow 9 

supplemented with FXE. Acute treatment with FXE (200 mg/kg body weight) 10 

decreased systolic blood pressure as did captopril (50 mg/kg body weight). Chronic 11 

treatment with FXE at 100 mg/kg body weight/day, a dose equivalent to that showing 12 

hypoglycemic activity in humans, resulted in a significant decreased in glycemia (-13 

16.3%), triglyceridemia (-33.4%) and body weight (-8.1%) in Zucker rats as well as a 14 

significant decrease in SBP in SHR (-6.7%), with a concomitant improvement in 15 

endothelial function in both strains. The broad-ranging effects of FXE may be due to a 16 

unique compositional profile that could be useful to prevent metabolic syndrome, 17 

characterized by obesity, insulin resistance, glucose intolerance, hypertriglyceridemia 18 

and elevated blood pressure.  19 

 20 

 21 

 22 

 23 

  24 

25 
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INTRODUCTION 1 

 Iridoids and secoiridoid glucosides are the major phenolic compounds of 2 

Fraxinus excelsior L., (1) an Oleaceae family tree more commonly known as “common 3 

ash” or “European ash” in the countries of temperate Asia and Europe (2). Like other 4 

Oleaceae-derived products (eg. olive oil), iridoids and secoiridoids share some 5 

characteristics with medicinal plant-sourced flavonoids and polyphenols and are 6 

associated with antioxidant activity (3-5) and with lower incidence of atherosclerosis 7 

and cardiovascular disease (6,7).  8 

Fraxinus excelsior L. is normally found in temperate European climates, and  also 9 

in the Tafilalet region of Morocco where  the seeds of this tree have been administered 10 

in a tisane for the traditional treatment of diabetes (8). FraxiPure
®

 (FXE), a natural 11 

extract produced from the seeds of Fraxinus excelsior L., contains secoiridoids, 12 

primarily nuzhenide and GI3 as its active ingredients (US 8293292). Nuzhenide and 13 

GI3 were found to activate peroxisome proliferator-activated receptor alpha (PPARα) in 14 

vitro and inhibit differentiation of 3T3-L1 mouse embryonic fibroblasts into adipocytes 15 

(9).  16 

Ibarra et al. (10)  found that mice fed a high-fat diet and administered FXE (0.5% 17 

of the diet) had significantly lower fasting insulin levels at the end of the 16-week study 18 

compared to mice fed a high-fat diet alone, and  displayed significantly reduced fasting 19 

blood glucose levels from week 5 and throughout the remainder of the study.  20 

The effects of FXE on postprandial glycaemia and insulin secretion have been 21 

evaluated in healthy human volunteers in a randomized, double-blind, placebo-22 

controlled, crossover study (11). The results showed that acute administration of FXE 23 

(1000 mg) and glucose (50 g) to 16 non-diabetic, healthy volunteers could significantly 24 

reduce the mean area under the plasma time-concentration curve for glucose levels 25 

compared to placebo (p=0.02). There was no significant difference noted in the mean 26 

insulin AUC values between the extract and placebo groups, suggesting that acute 27 

consumption of FXE may produce a slight reduction in glucose levels in non-diabetic, 28 

healthy individuals without significantly altering insulin secretion. 29 

Finally, the safety of FXE in vitro, in vivo and in human volunteers has been 30 

evaluated and results have clearly demonstrated that the extract is safe and is well 31 

tolerated in healthy subjects (12). 32 
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Other Fraxinus excelsior L. seed extracts have also been reported to have positive 1 

health benefits. Oral administration of an aqueous extract of the seeds of Fraxinus 2 

excelsior L. inhibited renal glucose reabsorption and concomitantly reduced glycemia in 3 

normal and diabetic rats (8). Maghrani et al. (13) reported no effects on insulin levels 4 

following the single or repeated administration in mice of an F. excelsior L. extract. 5 

Further studies from the same group demonstrated a potential hypotensive action of 6 

Fraxinus excelsior seeds in hypertensive rats (14). More recently, Lopez-Carreras et al. 7 

(15) substantiated this study in hypertensive SHR rats but without providing further 8 

answers on the direct link between the extract and hypertension.  9 

Research to date on FXE has indicated that it can play a role in controlling 10 

glucose homeostasis in normal and diabetic animals (8) and healthy humans (11). 11 

Nevertheless, FXE may also have an effect on the global metabolic state and could, 12 

based on previous research, also provide cardiovascular health benefits. The purpose of 13 

this study is to elucidate the effect of FXE in metabolic parameters and vascular 14 

reactivity in various animal models which are representative of the diseased 15 

cardiovascular state. To achieve this objective, and in keeping with the objectives of the 16 

SENIFOOD project (a collaborative research project devoted to designing food 17 

products for a suitable and balanced diet in elderly Spanish people) the authors have 18 

evaluated both acute and chronic administration of FXE to spontaneously hypertensive 19 

(SHR) and obese Zucker rats. For this purpose rats were treated with FXE and blood 20 

pressure, cardiac hypertrophy, vascular reactivity, lipid profile, liquid and solid intake, 21 

body weight, glycemia and plasma levels of insulin and adiponectin were studied.  22 

 23 

RESULTS 24 

1. Acute treatment  25 

Acute administration of 200 mg/kg body weight FXE significantly reduced SBP 26 

compared to the control and resulted in a time-response curve similar to that obtained 27 

with captopril, although the time to maximum effect was longer for FXE compared to 28 

captopril (Figure 1A). The lowest (100 mg/kg body weight) and the highest dose of 29 

FXE assayed (400 mg/kg body weight) did not significantly modify SBP compared to 30 

control (Figure 1B).  31 

 32 

2. Chronic treatment 33 
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The range of doses was chosen according to the dose of 100 mg/kg body 1 

weight/day (FXE100) which is equivalent, according to Reagan-Shaw et al. (16), to the 2 

dose used in humans during the clinical trial conducted by Visen et al. (11). In addition, 3 

a lower (20 mg/kg body weight/day, FXE20) and a higher (400 mg/kg body weight/day, 4 

FXE400) dose were also chronically administered in Zucker. According to the results 5 

obtained with the acute treatment, the dose of 20 mg/kg body weight/day was not tested 6 

in SHR rats. 7 

All animals tolerated their respective chronic treatment included in the diet and 8 

no adverse effects were observed during the treatment period.  9 

 10 

2.1. Systolic blood pressure  11 

SBP was attenuated in the SHR animals treated during 20 weeks administered 12 

captopril 50 mg/kg body weight/day, as well as in the group receiving FXE 100 mg/kg 13 

body weight/day (FXE100, Figure 2A and Table 1). No significant changes in SBP 14 

were observed in the group receiving FXE 400 mg/kg body weight/day (FXE400, Table 15 

1).  A similar discrepancy between lower and higher doses of Fraxinus excelsior 16 

extracts on SBP has been described in SHR animals (15) indicating that the range of 17 

effective doses is a resultant of the complex composition of the extract, and at higher 18 

concentrations, the effect of a given component of the extract on SBP could be 19 

undermined by others. In Zucker animals, which are not in a hypertensive state, a slight 20 

but not significant decrease in SBP values was also observed only in the group treated 21 

with FXE100 (Table 2) 22 

After the 20-week treatment with captopril or extracts, a subgroup of SHR 23 

animals was submitted to a washout period of 4 weeks without any treatment. A 24 

significant increase in SBP was observed in the SHR groups treated with captopril, 25 

FXE100 and FXE400 when the antihypertensive treatment was removed (Figure 2B). 26 

 27 

2.2. Body weight 28 

Body weight gain was monitored weekly in all groups. Control animals grew 29 

regularly throughout the entire study. Treatment with FXE100 and metformin 30 

significantly diminishes body weight evolution in the Zucker rats (Figure 3A). A non-31 

significant reduction in body weight was observed following administration of FXE20 32 

and FXE400 in Zucker strain (Table 2). In SHR animals, no significant decrease in 33 

body weight was observed with FXE or captopril treatment (Table 1). 34 
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 1 

2.3. Solid and liquid intake 2 

Solid and liquid intake and the ratio between solid or liquid intake and body 3 

weight were higher in Zucker than SHR animals, independent of the treatment (Tables 1 4 

and 2). Except in the case of metformin which reduced food intake in Zucker rats, 5 

treatments did not significantly change food intake nor the food intake/ body weight 6 

ratio, compared to their respective controls (Tables 1 and 2). However, liquid intake and 7 

especially liquid intake/ body weight ratio, were significantly increased by captopril, 8 

and FXE400 in the SHR model (Table 1). This increase was reverted after the 4 weeks 9 

washout period without treatment (Figure 3B). In Zucker rats, an increase in the liquid 10 

intake was also observed with FXE100 and FXE400 (Table 2).  11 

 12 

2.4. Cardiac hypertrophy 13 

No changes were observed in heart weight after treatments, but a significant 14 

decrease was found in the heart/body weight ratio in the group of SHR animals 15 

receiving captopril (Table 1). An increase in this ratio was observed in SHR rats treated 16 

with the highest dose of FXE (FXE400, Table 1) and in Zucker rats treated with 17 

metformin (Table 2). 18 

 19 

2.5. Fasting plasma glucose 20 

The SHR (4 weeks old) group had normal glycemia before treatment (89.9±7.2 21 

mg/dL). Table 1 summarizes the levels of fasting plasma glucose at the end of the 20 22 

week treatment in each group. Higher glucose levels were observed in 24 weeks old 23 

SHR animals, except in the captopril group which exhibited glucose levels similar to 24 

young animals and significantly lower levels compared to the 24 week-old control 25 

group (Table 1).  26 

In Zucker rats, fasting blood glucose levels were recorded weekly throughout the 27 

experiment. Figure 4A shows the evolution of plasma glucose during the experiment in 28 

the control group and those untreated with FXE100 or metformin. In this case, 29 

treatments decreased fasting blood glucose levels progressively from the beginning of 30 

the study until week 5 of treatment, whereas in the control group, plasma glucose levels 31 

increased during the same period. As reported in Table 2, at the end of the study, a 32 
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significant decrease in glucose levels was observed in animals treated with metformin or 1 

all three doses of FXE.  2 

 3 

2.6. Lipid Profile 4 

Plasma cholesterol, HDL and triglyceride levels were determined in SHR and 5 

Zucker rats and, as expected, lipid levels were higher in the Zucker strain. In SHR 6 

animals, the lipid profile was determined at the beginning and the end of treatment 7 

(weeks 0 and 20) and also in a subgroup of animals submitted to the washout period 8 

without treatment. In Zucker animals, the evolution of lipid levels were followed during 9 

the treatment (weeks 0, 2, 4 and 5). No significant changes were observed in total 10 

cholesterol or HDL levels in either SHR or Zucker models (Table 1).  11 

However, significant changes in triglycerides profile were observed depending 12 

on the treatment. As Figure 4B shows, plasma levels of triglycerides increased 13 

progressively in the control group and this effect was also observed in the group treated 14 

with metformin in the Zucker rat model. Compared to the control group, significant 15 

decreases in triglycerides were observed following treatment with FXE100 (Figure 4B) 16 

- with a -33.4% reduction. A similar decrease was observed with FXE400 (Table 2). No 17 

significant changes were found in the FXE20 group compared to control (Table 2).  18 

In SHR animals, administration of captopril and the two doses of FXE (FXE100 19 

and FXE400) significantly reduced plasma triglyceride after 20 weeks of treatment with 20 

a decrease of 22% observed following treatment with both concentrations of FXE 21 

(Table 1). Furthermore, as Figure 7 shows, significantly decreased levels of 22 

triglycerides were found vs control after 20 week’s intervention but the differences 23 

between triglycerides concentrations was no longer significant when FXE treatment was 24 

removed for 4 weeks (FXE Washout, Figure 4C).  25 

 26 

2.7.Insulin, adiponectin and HOMA-IR index 27 

Table 2 summarizes the plasma insulin and adiponectin levels at the end of the 28 

study. HOMA-IR was calculated and values were also included in Table 2. No 29 

significant changes were observed in groups treated with metformin or FXE vs the 30 

control group.. 31 

 32 

2.8. Vascular reactivity 33 
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Vascular reactivity was determined in isolated aorta from SHR and Zucker 1 

animals at the end of each treatment (20 and 5 weeks, respectively) and in the subgroup 2 

of SHR animals that were maintained for 4 weeks in a washout period without any 3 

treatment. 4 

CRC of vasodilatation were performed by addition of increasing concentrations 5 

of acetylcholine (Ach) on aortas pre-contracted with 1 µM phenylephrine (PHE).  The 6 

relaxant response to Ach, mediated by activation of endothelial eNOS and endogenous 7 

NO-release, is an indicator of endothelial function.  In this case, in aortas from SHR, 8 

administration of captopril, FXE100 and FXE400 significantly increased the 9 

vasodilatory potency of Ach (Figure 5A and Table 3), a beneficial effect that 10 

disappeared after the washout period without treatment (results not shown). A 11 

significantly increased potency of Ach was also found in Zucker rats treated with 12 

FXE20 and FXE100 although treatment with metformin or FXE400 did not result in 13 

any significant change (Figure 5B and Table 3). 14 

Addition of increasing concentrations of sodium nitroprusside to aortas pre-15 

contracted with 1 µM PHE elicited a concentration-dependent vasodilatation mediated 16 

by liberation of NO. In SHR animals, treatment with captopril and FXE at different 17 

doses significantly increased the vasorelaxant potency of nitroprusside (Figure 6 and 18 

Table 3) an effect that disappeared after the washout period without treatment (results 19 

not shown). No changes in the vasorelaxant response to nitroprusside were observed in 20 

Zucker rats (Table 3 and Figure 6B). 21 

To avoid involvement of endogenous nitric oxide release, aortas were previously 22 

treated with the NOS inhibitor L-NAME, and contractile response of vessels performing 23 

CRCs of contraction by PHE, an α1-adrenoceptor agonist, were measured. Chronic 24 

treatment with captopril and FXE100 significantly increased the force of maximal 25 

contraction induced by PHE without modifying the pEC50 (Figure 7 and Table 4). As 26 

with other vascular reactivity markers, this effect disappeared after the washout period 27 

without treatment (results not shown). In Zucker animals, normal responses to PHE in 28 

presence of L-NAME were observed, and treatments did not significantly modify these 29 

responses (Table 4).  30 

 31 

 32 

DISCUSSION 33 
 34 

Page 8 of 37Food & Function

F
o

o
d

 &
 F

u
n

ct
io

n
 A

cc
ep

te
d

 M
an

u
sc

ri
p

t



 

9 

 

The present article highlights  the potential health benefits of both acute and 1 

chronic consumption of FXE, a well-characterized extract from the seeds of Fraxinus 2 

excelsior L., on systolic blood pressure in SHR rats as well as its ability to improve 3 

glucose homeostasis, , dyslipidemia and body weight in Zucker rats. For the first time, 4 

vascular reactivity was determined on isolated aorta from both strains, and significant 5 

improvement in endothelial function was evidenced.  6 

Acute administration of FXE to SHR resulted in a time-response BP decrease 7 

similar to that obtained with captopril, although the point of maximum reduction took 8 

longer with FXE administration. Nevertheless, this hypotensive effect was not observed 9 

at higher concentrations. Longer-term administration of FXE to SHR reinforced this 10 

finding, with the dose of 100 mg/kg body weight/day, equivalent to that showing 11 

hypoglycemic activity in humans (11), significantly reducing SBP compared to placebo, 12 

although the effect was not as strong as that induced by captopril.  Interestingly, SBP 13 

significantly increased in all treatment groups following the washout period, clearly 14 

indicating the effectiveness and the reversibility of the treatments. 15 

Eddouks et al (14) previously described the hypotensive actions of a daily oral 16 

administration of an aqueous Fraxinus excelsior extract to SHR for 3 weeks, results  17 

substantiated more recently by Lopez-Carreras et al. (15)  Surprisingly, in the previous 18 

studies, the dose of Fraxinus excelsior extract was five times lower than the dose of 19 

FXE used in the present study, although the magnitude of the antihypertensive effect is 20 

comparable.. Differences in the preparation, manipulation and administration of the 21 

extracts could be invoked to justify this divergence.  22 

In previous studies, increased urinary excretion was observed in conscious SHR 23 

treated with Fraxinus excelsior seed extracts (14,15) but not in Wistar rats treated with 24 

leaf extracts (17). The increased urinary excretion was interpreted as a diuretic activity 25 

and was used to explain the hypotensive effect of the extracts. The present study did not 26 

address the diuretic action of FXE although increased liquid intake observed in treated 27 

vs untreated animals could be related to the increased urinary excretion as reported by 28 

other authors. 29 

Finally, an important finding in the current study is the increased potency of 30 

acetylcholine as a vasodilator of isolated rat aorta in both SHR and Zucker rats treated 31 
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with FXE. Impaired vascular function, manifested by an altered ability of the 1 

endothelium to release endothelium-derived relaxing factors and endothelium-derived 2 

contracting factors, is consistently reported in Zucker  (18) and SHR strains (19,20) and 3 

is considered the first step in the progression of cardiovascular diseases (21,22). 4 

Determination of acetylcholine-induced endothelium-dependent vasorelaxation is 5 

commonly used as an indicator to test the endothelial function and, in the aorta, this 6 

response is mainly mediated by NO release (23, 24). In fact, in SHR and Zucker rats an 7 

impaired acetylcholine-mediated vasodilatory response has been described (18, 25). In 8 

this regard, the increased potency of acetylcholine observed in SHR and Zucker rats 9 

chronically treated with FXE could be interpreted as an improvement of endothelial 10 

function which was also observed with captopril but not metformin treatment. 11 

According to this, metformin, which restores endothelial function in aorta of non-obese 12 

diabetic rats (26) did not exhibit the same activity in obese Zucker rats. 13 

The protective effect of FXE on endothelial function, was accompanied by an 14 

improvement of nitroprusside mediated vasodilatation after a 20-week treatment with 15 

FXE 100 and 400 mg/kg body weight/day in SHR, but not by a 5-week treatment in 16 

Zucker rats. This increased potency of nitroprusside, a NO-releasing drug (27), after 17 

FXE treatment could be related to changes in the activity of the NO/soluble guanylate 18 

cyclase/cGMP pathway. Future work must be performed to clarify this point. 19 

The beneficial effects of FXE on endothelial function were accompanied by an 20 

improvement of contractile activity of rat aorta, pathologically altered in SHR rats and 21 

not previously evidenced with other extracts rich in polyphenolic compounds (28). In 22 

fact, contractile responses to depolarization and α1-adrenoceptor activation were 23 

impaired in SHR aortas (29) an effect prevented by captopril treatment (30) that could 24 

be attributed to the arterial remodeling caused by hypertension. As shown in the current 25 

results, the chronic administration of FXE 100mg/kg body weight/day or Captopril 50 26 

mg/kg body weight/day improved these responses and the improvement was reverted 27 

after 4 weeks without treatment. Therefore, we can postulate that the deleterious effect 28 

of hypertension on the contractile response of aorta was avoided in animals treated with 29 

FXE.  30 

Administration of FXE, 100 mg/kg body weight/day, to obese Zucker rats 31 

significantly reduced glycemia as well as body weight gain. The magnitude of the 32 
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reduction (-16.3 %) was similar to that observed in the group treated with metformin (-1 

15.8 %), and was not due to increased insulin secretion nor to reduced dietary intake as 2 

treatment with FXE did not modify insulinemia nor the average daily food intake or the 3 

solid intake/body weight ratio. The same dose of FXE produced additional beneficial 4 

effects not observed with metformin treatment: a significant reduction in plasma levels 5 

of triglycerides accompanied by an ameliorated endothelial function which was detected 6 

in isolated rat aortas. The results also show that chronic administration of FXE did not 7 

modify adiponectin plasma levels in Zucker rats, a result not previously reported.  8 

The results presented herein concur with previous studies on the effect of 9 

administration of Fraxinus excelsior L. seed extracts on glucose homeostasis. Oral 10 

administration of an aqueous extract of Fraxinus excelsior L. inhibits renal glucose 11 

reabsorption with hypoglycaemic activity in normal and diabetic rats (8, 13), reduces 12 

hyperglycemia and decreases body weight gain in obese mice (10), and diabetic rats 13 

(13).  The effect of nuzhenide and GI3, the principal secoiridois of the Fraxinus 14 

excelsior L. seed extracts, on fasting blood glucose could be due to enhanced glucose 15 

uptake in the liver and skeletal muscle (11) as was previously described for catalpol, an 16 

iridoid glycoside from the roots of Rehmannia glutinosa (31).
 
The effects of F. excelsior 17 

L. extract on fasting insulin levels are not as consistent as its effects on fasting blood 18 

glucose levels.  Maghrani et al. (13) reported no effect on insulin levels following single 19 

or repeated administration (15 days) of 20 mg/kg body weight of an F. excelsior L. 20 

extract in mice. In contrast, Ibarra et al., (10) found that mice fed a high-fat diet and 21 

administered FXE (0.5% of the diet) had significantly lower fasting insulin levels at the 22 

end of the 16-week study compared to mice fed a high-fat diet alone. The differing 23 

effects on fasting insulin levels reported in these studies could be due to differences in 24 

extract composition, dose, study duration, or background diet.  25 

The ability of FXE to reduce plasma triglycerides was outstanding compared with 26 

metformin action. Metformin has been shown to improve lipid profile and to decrease 27 

level of triglycerides (32) but no reduction in these parameters were observed during 28 

ours studies. Administration of FXE resulted in a reduction of triglycerides by 22.4% in 29 

the SHR strain, while in the Zucker strain, triglycerides were reduced by up to 36.6 % 30 

were observed. As this effect was found in both Zucker and SHR strains, it implies that 31 

lipid-regulating activity takes place independently of the pathological state. 32 

Furthermore, the significant reduction in triglycerides observed following 20-week 33 

Page 11 of 37 Food & Function

F
o

o
d

 &
 F

u
n

ct
io

n
 A

cc
ep

te
d

 M
an

u
sc

ri
p

t



 

12 

 

treatment in the SHR model was negated following 4 weeks of washout, confirming the 1 

activity of FXE. 2 

A significant decrease in triglyceridemia was also observed after captopril 3 

treatment and had been previously described by other authors (33) who related this 4 

effect to the modulation of angiotensin (1-7) production.  5 

Previous evidence indicates that iridoids from Fraxinus excelsior inhibit 6 

adipocyte differentiation and activate PPARα-mediated pathways (9), two mechanisms 7 

that could be involved in the control of weight gain observed in Zucker rats as well as in 8 

the decreased plasma levels of triglycerides found in our study.  PPARα pathways are 9 

known to be involved in lipid homeostasis and inflammation (34-36). In fact, fibrates, 10 

which activate PPARα receptors, also lower plasma triglycerides and VLDL particles 11 

and increase HDL cholesterol, effects that are associated with its cardiovascular benefit 12 

(37). In future works, chronic treatment of Zucker and SHR rats with fibrates could 13 

confirm this proposal. 14 

Additionally, an ethanolic extract from Fraxinus rhynchophylla barks also 15 

inhibited adipocyte differentiation (38 and the secoiridoids content of this extract, while 16 

different from those in FXE, not only inhibited pancreatic lipase (39) but also inhibited 17 

the early stage of adipocyte differentiation and diminished triglyceride content in 18 

differentiated 3T3-L1 cells (40), an activity that could be related to the decrease in 19 

triglycerides level after chronic treatment with FXE.  20 

Metabolic syndrome frequently precedes type 2 diabetes and atherosclerosis and 21 

in most cases requires treatment with antihypertensive drugs, metformin and statins or 22 

fibrates. Among the antihypertensives, thiazide diuretics and β-adrenergic antagonists 23 

have slightly adverse effects, long-acting calcium channel antagonists have inconsistent 24 

effects whereas α1-adrenergic antagonists and angiotensin-converting enzyme inhibitors 25 

have positive effects on glucose and lipid homeostasis. On the other hand, metformin or 26 

statins/fibrates act specifically by controlling glucose or lipid profile respectively, 27 

without any effect on the blood pressure, although recent results appear to indicate a 28 

correlation between intake of some types of statins and risk of Type 2 diabetes (41). 29 

Only diuretics and metformin contribute to control body weight gain. Therefore, instead 30 

of, or in addition to, these habitual treatments, the inclusion of FXE in the diet could be 31 
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an efficacious strategy to prevent or control metabolic syndrome and its inherent 1 

cardiovascular risk, or to reduce the risk of development of Type-2 diabetes in subjects 2 

under medication for CV risk factors.  3 

 4 

Although the results of present work, obtained in animal models, should not be 5 

extrapolated to humans, the results of a clinical assay determining the effects of an 6 

equivalent dose of FXE in postprandial glycemia and insulin secretion on healthy 7 

volunteers (11) supports this assumption. In fact, the FXE benefits on glucose 8 

homeostasis shown in rodents models are currently being studied in a longitudinal, 9 

randomized, crossover, double-blinded and placebo controlled, 7 weeks nutritional 10 

intervention study with elderly overweight/obese subjects. 11 

In conclusion, treatment with FXE (100 mg/kg body weight/day), a dose 12 

equivalent to that showing hypoglycemic activity in humans, resulted in significantly 13 

decreased glycemia, triglyceridemia, body weight gain and systolic blood pressure in 14 

SHR and Zucker rats, and these effects were accompanied by an improvement in 15 

endothelial function and NO/sGC pathway. The broad-ranging effects of FXE represent 16 

a unique pharmacological profile that could be more extensively assayed in humans to 17 

analyze its usefulness to prevent the metabolic syndrome, characterized by obesity, 18 

insulin resistance or glucose intolerance, hypertriglyceridemia and elevated blood 19 

pressure.  20 

 21 

EXPERIMENTAL 22 

This study was carried out at the Experimental Animal Facility of the University 23 

of Valencia (Spain) in accordance with the recommendations of the European Union 24 

regarding animal experimentation (Directive of the European Council 86/609/EC). The 25 

protocols were approved by the Animal Ethics Committee of the University of 26 

Valencia. Rats were housed 3–4 to a cage in a room with controlled temperature (23ºC), 27 

and a 12 h light-dark cycle. They were fed with a standard chow (PanLab) for 1 week 28 

before the start of the experiments (composition: 14.3% protein, 4.0% fat, 48.0% 29 

carbohydrate, 4.1% crude fiber, 18.0% neutral detergent fiber and 4.7% ash; energy 30 

density, 2.9 kcal/g).  31 
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FraxiPure
®

 (product code EA149251) now commercially marketed as Glucevia, 1 

was supplied by Naturex S.A. (Avignon, France). Captopril and Metformin were 2 

supplied by Sigma-Aldrich Química S.L. (Madrid Spain). 3 

Acetylcholine chloride, (R)-(-) phenylephrine hydrochloride, L-NAME (Nω-4 

Nitro-L-Arginine Methyl Ester) and sodium nitroprusside were supplied by Sigma-5 

Aldrich, (St Louis, MO, USA). All the drugs were prepared in distilled water. 6 

 7 

1. Experimental procedures 8 

1.1.Acute treatment 9 

Eighteen SHR male rats aged 17 weeks were purchased from Janvier 10 

Laboratoires (France) and randomly assigned to the following groups: a control group 11 

that received vehicle by oral gavage (control, n = 6) and two treated groups  (n = 6 each 12 

one) which received an oral dose of captopril 50 mg/kg body weight or FXE 100 mg/kg 13 

body weight. Systolic arterial pressure was recorded before and 2, 4, 8, 24 h and 7 days 14 

after oral administration of vehicle or drugs.  After a week of washout, an oral dose of 15 

vehicle, captopril 50 mg/kg body weight or FXE 200 mg/kg body weight was 16 

administered to each group and arterial pressure was newly recorded at the same 17 

intervals as previously described. Finally, after a week of washout, a third oral 18 

administration of vehicle, captopril 50 mg/kg body weight or FXE 400 mg/kg body 19 

weight was accompanied by periodic measurements of arterial pressure. At the end of 20 

the experimental period, over-night fasted animals were anaesthetized by isoflurane 21 

(IsoFlo® 100% p/p. Esteve) and sacrificed by heart puncture exsanguination. All efforts 22 

were made to minimize suffering. The range of doses of FXE used (100, 200 and 400 23 

mg/kg/day) was chosen in agreement with the Human Equivalent Dose (HED) 24 

definition proposed by Reagan-Shaw et al., (16). The dose of 100 mg/kg body weight is 25 

approximately 16.2 mg/kg body weight HED, similar to the dose used during the 26 

clinical trial conducted by Visen et al. (11) wherein FXE significantly reduced 27 

postprandial glycemia. The dose of captopril has been previously assayed in SHR 28 

animals (42).  29 

 30 

1.2.Chronic treatment 31 

Thirty-two SHR male rats aged 3 weeks (63.8 ± 5.4 g) were purchased from 32 

Janvier Laboratoires (France) and randomly assigned to the following groups: a group 33 
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fed with the standard chow alone (control, n = 8), and three treated groups  (n = 8 each 1 

one) fed with the standard chow supplemented with different treatments:  i) Captopril 2 

50 mg/kg body weight/day as positive control  (Cap), ii) FXE 100 mg/kg/day (FXE100) 3 

and iii) FXE 400 mg/kg body weight/day (F 400). Diet and tap water were administered 4 

ad libitum. Dietary intervention lasted for 20 weeks. At this time, four animals from 5 

each group were sacrificed, and the remaining four animals were returned to a standard 6 

chow for 4 weeks. Systolic arterial pressure, body weight, food and water intake were 7 

recorded weekly throughout the study.  8 

Thirty male Zucker rats aged 8 weeks (332.6 ± 5.06 g) all purchased from 9 

Charles River Laboratories (Spain) were used in the study. Animals were randomly 10 

assigned to two experimental groups: a control group (Control, n= 6) fed with the 11 

standard chow alone, which was used as control for normal values of this rat strain, and 12 

four treated groups (n = 6 each) fed with the standard chow supplemented with i) 13 

metformin 300 mg/kg body weight/day as positive control (Met), ii) FXE 20 mg/kg 14 

body weight/day (F20), iii) FXE 100 mg/kg body weight/day (F100) and iv) FXE 400 15 

mg/kg body weight/day (F400). The dose of metformin was chosen based on previous 16 

data (43). Diet and tap water were administered ad libitum. Dietary intervention lasted 17 

for 5 weeks. At the end of the experimental period, over-night fasted animals were 18 

anaesthetized by isoflurane and sacrificed by heart puncture exsanguination.  19 

Systolic arterial pressure, body weight, food and water intake were recorded 20 

throughout the study. Biochemical determinations were performed throughout the 21 

treatment in Zucker and at the end of treatment in Zucker and SHR. Functional 22 

experiments to analyze the vascular reactivity were performed at the end of treatment. 23 

 24 

2. Systolic blood pressure determination 25 

Systolic blood pressure (SBP) was measured from the tail of unanesthetized rats 26 

with a plethysmographic method (NIPREM 645; Cibertec, Madrid, Spain) as previously 27 

described (44). An average of six SBP readings was recorded for each determination.  28 

 29 

3. Biochemical analysis 30 

Blood samples were taken in Zucker rats by tail incision before and during the 31 

study (2 and 4 weeks after the treatment initiation), and by cardiac puncture in Zucker 32 

and SHR animals at the end of the study. Samples were placed in heparinized tubes 33 
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centrifuged at 1500 x g at room temperature for 30 min in an Eppendorf Centrifuge 1 

5804-R (Hamburg, Germany) to obtain plasma which was immediately frozen at -80ºC 2 

prior to analysis of biochemical parameters. Levels of glucose, total cholesterol, HDL-3 

cholesterol (HDL-c), and triglycerides (TGs), were measured using an autoanalyzer 4 

(Gernonstar®, Ansasia, Bombay, India). Insulin and adiponectin concentrations were 5 

quantified using solid phase two-side enzyme immunoassay.  An ultrasensitive rat 6 

insulin enzyme immunoassay kit (Mercodia AB, Uppsala, Sweden) and an 7 

ultrasensitive rat adiponectin enzyme immunoassay kit (Mediagnost®, Reutlingen, 8 

Germany) were used for these determinations.  Results were analyzed with a 450 nm 9 

filter in a microplate reader (Perkin Elmer 2030 Multilabel Reader. VICTORTMX3. 10 

Massachusetts, USA). 11 

 12 

4. Functional studies 13 

 Thoracic aortas were obtained as previously described (45).  Aortas were 14 

removed, cleaned from adipose tissue, placed into Krebs solution (mM): NaCl 118; 15 

KCl, 4.75; CaCl2, 1.8; MgCl2, 1.2; NaHCO3, 25; KH2PO4, 1.2; glucose, 11 (pH=7.4) 16 

and cut in 4 mm rings which were set-up in an isometric organ bath, filled with Krebs 17 

solution at 37ºC and gassed with 95% O2 and 5% CO2. After a 1 hour stabilization 18 

period, all vessels were contracted with a depolarizing solution (80 mM KCl-Krebs 19 

obtained by an isotonic replacement of NaCl by KCl) to check the vessels’ 20 

functionality.  21 

To study the influence of treatment on contractile responses induced by α1-22 

adrenergic stimulation, cumulative concentration-response curves (CRCs) of contraction 23 

by phenyleprine (PHE) were performed by addition of cumulative concentrations of 24 

PHE (1 nM-1 µM) to the bath in presence of a nitric oxide synthase inhibitor (L-25 

NAME, 100 µM) added to the bath 30 min before and during PHE addition, in order to 26 

avoid the vasorelaxant effect mediated by PHE-induced NO release (45). To analyze 27 

whether the response to PHE is partially NO-dependent, CRCs to PHE (1 nM-1 µM) 28 

were also performed in the absence of L-NAME. 29 

Vasodilatation induced by nitric oxide (NO) endogenously released by the 30 

endothelium and by exogenous NO were determined by cumulative CRCs of relaxation 31 

to acetylcholine (ACh, 10 nM-100 µM) during sustained PHE 1 µM induced 32 

contraction. To analyze whether the response to ACh was fully or partially dependent of 33 
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endogenously released NO, CRCs to ACh (10 nM-100 µM) were also performed in the 1 

presence of L-NAME. The relaxations elicited by sodium nitroprusside were also 2 

studied in precontracted PHE (1 µM) vessels in the presence of L-NAME (100 µM).  3 

 4 

5. Statistical analysis 5 

The results are expressed as mean values ± SEM.  Sequential data were analyzed 6 

by two-way ANOVA using GraphPad Prism 4 software. Differences between control 7 

and treated groups were assessed by Student’s t test, or by one way ANOVA followed 8 

by Dunnett’s test, if two or more groups were compared. Differences between the 9 

means were considered to be significant when p < 0.05. CRC of contraction by PHE 10 

were expressed as a percentage of initial KCl-induced contraction. CRC of relaxation by 11 

ACh and SNP were expressed as a percentage of the previous contraction induced by 12 

PHE.  Data were plotted using the Graph Pad Software version 4.0 (San Diego, CA, 13 

USA), with sigmoid curve fitting performed by non-linear regression; these curves were 14 

used to derive Emax (the maximal relaxant response), pEC50 (-log of the agonist 15 

concentration needed to produce 50% of Emax) and statistical analysis of differences in 16 

these parameters 17 

 18 

 19 

CONCLUSION 20 

Treatment with FXE (100 mg/kg body weight/day), a dose equivalent to that 21 

showing hypoglycemic activity in humans, resulted in significantly decreased glycemia, 22 

triglyceridemia, body weight gain and systolic blood pressure, and these effects were 23 

accompanied by an  improvement in endothelial function in SHR and Zucker rats. The 24 

broad-ranging effects of FXE represent a unique pharmacological profile that could be 25 

useful to prevent the metabolic syndrome, characterized by obesity, insulin resistance or 26 

glucose intolerance, hypertriglyceridemia and elevated blood pressure. Future assays in 27 

humans will allow confirm this assumption. 28 

 29 

 30 
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 1 

Figure 1.  Changes in systolic blood pressure (SBP) after oral administration of a single 2 

dose of (A) 200 mg/kg body weight FraxiPure
®

 (FXE200), (B) 400 mg/kg body weight 3 

FraxiPure
®

 (FXE400), captopril (50 mg/kg body weight) or vehicle (control) in SHR 4 

rats. Values are mean ± SEM for n=6 rats. Two-way ANOVA indicated that treatment 5 

with captopril and FXE200 significantly changed SBP (***P < 0.001 and **P < 0.01, 6 

respectively). One way ANOVA followed by Dunnet’s test vs control was applied to 7 

determine significant changes in SBP at different time-point during captopril or 8 

FXE100 treatments (
ω

 P < 0.05, 
ωω 

P < 0.01). 9 

 10 

Figure 2. (A) Changes in systolic blood pressure (SBP) during the last 10 weeks of a 11 

20-week chronic treatment of SHR rats with 100 mg/kg body weight/day FraxiPure
®

 12 

(FXE100) or vehicle (control). Values are mean ± SEM for n=8 rats. Two-way ANOVA 13 

indicated that treatment significantly changed SBP (** P < 0.01). Student’s t test vs 14 

control was applied to determine significant changes in SBP at different time-point 15 

during FXE100 treatments (
ω

 P < 0.05, 
ωω 

P < 0.01). 16 

(B) Systolic blood pressure (SBP) values after chronic treatment (20 weeks), (black 17 

bars) in the groups of animals receiving vehicle (control), captopril (50 mg/kg body 18 

weight/day), 100 (FXE100) or 400 mg/kg body weight/day FraxiPure
®

 (FXE400), and 19 

at the end of the washout period of 4 weeks without treatment (white bars). Values are 20 

mean ± SEM for n=8 rats (treatment) or n=4 (treatment washout). * P< 0.05, *** P < 21 

0.001 vs the treatment period (Student’s t test). 22 

 23 

Figure 3. (A) Changes in body weight in Zucker animals over 5 weeks treatment with 24 

metformin (300 mg/kg body weight/day) or 100 mg/kg/day FraxiPure
®

 (FXE100). Two 25 

way ANOVA indicates that treatment significantly changes body weight in Zucker rats 26 

(* P < 0.05). 27 

(B) Liquid intake/ Body weight ratio following 20-week chronic treatment (Treated) 28 

with captopril (50 mg/kg body weight/day), 100 (FXE100) and 400 mg/kg body 29 

weight/day FraxiPure
®

 (FXE400) and after a 4-week washout period without treatment 30 

(FXE Washout) in SHR. Values are mean ± SEM for n = 4-8 rats. Significance was 31 

calculated by one way ANOVA followed by Dunnett’s test vs control;  ** P < 0.01 32 

 33 
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Figure 4. Changes in fasting blood glucose levels (A) or triglycerides levels (B) in 1 

Zucker rats during 5 weeks treatment with vehicle (Control), metformin (300 mg/kg 2 

body weight/day), or 100 mg/kg body weight/day FraxiPure
®

 (FXE100). Values 3 

presented are differences relative to baseline and are mean ± SEM for n = 6 rats. Two 4 

way ANOVA indicated significant changes (**P < 0.01, *** P < 0.001). 5 

(C) Plasma levels of triglycerides in SHR model following 20 week chronic treatment 6 

with 100 (FXE100) and 400 mg/kg body weight/day FraxiPure
®

 (FXE400), and after a 7 

4-week washout period (FXE Washout) without treatment. Values are mean ± SEM for 8 

n = 4-8 rats. Significance was calculated by one way ANOVA followed by Dunnett’s 9 

test vs control, ** P < 0.01. 10 

 11 

Figure 5. Concentration-response curves of relaxation induced by acetylcholine in 12 

aortas previously contracted with 1 µM phenylephrine. Aortas had been obtained from 13 

(A) SHR rats previously treated for 20 weeks with captopril (50 mg/kg body 14 

weight/day), or (B) Zucker rats previously treated for 5 weeks with metformin (300 15 

mg/kg body weight/day), in addition to treatments with 20 (FXE20), 100 (FXE100) and 16 

400 mg/kg body weight/day FraxiPure
®

 (FXE400). Values are expressed as mean ± 17 

SEM for n = 4 rats. 18 

 19 

Figure 6. Concentration-response curves of relaxation induced by sodium nitroprusside 20 

in aortas previously contracted with 1 µM phenylephrine. Aortas had been obtained 21 

from (A) SHR rats previously treated for 20 weeks with captopril (50 mg/kg body 22 

weight/day), or (B) Zucker rats previously treated for 5 weeks with metformin (300 23 

mg/kg body weight/day), in addition to treatments with 20 (FXE20), 100 (FXE100) and 24 

400 mg/kg body weight/day FraxiPure
®

 (FXE400). Values are expressed as mean ± 25 

SEM for n = 4 rats. 26 

 27 

Figure 7. Concentration-response curves of contraction induced by Phenylephrine in 28 

aortas from SHR or Zucker rats in presence of the nitric oxide synthase inhibitor L-29 

NAME 100 µM. Aortas had been obtained from (A) SHR rats previously treated for 20 30 

weeks with captopril (50 mg/kg body weight/day), or (B) Zucker rats previously treated 31 

for 5 weeks with metformin (300 mg/kg body weight/day), in addition to treatments 32 

with 20 (FXE20), 100 (FXE100) and 400 mg/kg body weight/day FraxiPure
®

 33 

(FXE400). Values are expressed as mean ± SEM for n = 4 rats 34 
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 1 
Table 1.  Systolic blood pressure, body and heart weight, food intake and metabolic 2 

markers in SHR following 20 weeks chronic treatment with a standard chow diet 3 

(Control) supplemented to achieve 50 mg/kg body weight captopril (Captopril), 100 4 

(FXE100) or 400 mg/kg body weight/day FraxiPure
®

 (FXE400).  5 

 6 

SHR Control Captopril FXE100 FXE400 

SBP 
(mm Hg) 

219.3 ± 2.8 154.1 ± 2.1 

** 

204.6 ± 0.9 

** 

214.6 ± 3.4 

Body weight 
 (g) 

347.6 ± 5.0 326.6 ± 9.3 333.5 ± 8.2  334.5 ± 5.1 

Heart weight  
(g) 

1.27 ± 0.02 1.08 ± 0.03 

* 

1.24 ± 0.04 1.31 ± 0.03 

Heart weight/  
Body weight 

0.373 ± 0.005 0.332 ± 0.007 

** 

0.373 ± 0.007 0.392 ± 0.001 

* 

Solid Intake1  

(g/rat/day) 
18.80 ±  0.23 17.16 ±  0.11 18.04 ±  0.17 18.97 ±  0.20 

Solid intake/ 
Body weight 1 

5.55±0.08 5.41± 0.07 5.51± 0.06 5.74± 0.05 

Liquid intake 1 
(ml/rat/day) 

19.11 ± 0.36 20.62 ± 0.44 

* 

18.94 ± 0.38 23.21 ± 0.28 

** 

Liquid intake/ 
Body weight1 

5.51 ± 0.09 6.50 ± 0.17 

** 

5.88 ± 0.09 

 

6.90 ± 0.09 

** 

Glucose 
(mg/dL) 

137.8 ± 9.5 97.2 ±10.4 

** 

132.7 ± 6.7 132.0 ± 5.8 

Cholesterol 
(mg/dL) 

44.7 ± 1.4 41.0 ± 1.2 45.0 ± 3.3 44.3 ± 2.6 

 

HDL 
(mg/dL) 

19.2 ± 0.7 20.2 ± 1.2 20.5 ± 1.7 19.7 ± 0.9 

Triglycerides 
(mg/dL) 

44.7 ± 1.4 36.7 ± 2.6 

** 

34.7 ± 1.1 

** 

34.7 ± 0.7 

** 

 7 

Data represents mean ± S.E.M. of n = 8 animals (n = 4, heart weight) 8 

*P < 0.05, ** P < =.01, *** P < 0.001 vs Control, one way ANOVA followed by 9 

Dunnett’s test 10 
1
Calculated as mean from weeks 16 to 20 of treatment 11 

 12 

  13 
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 1 

Table 2. Systolic blood pressure, body and heart weight, food intake and metabolic 2 

markers in Zucker rats following 5 weeks chronic treatment with a standard chow diet 3 

(Control) supplemented to achieve 300 mg/kg body weight metformin (metformin), 20 4 

(FXE20), 100 (FXE100) or 400 mg/kg body weight/day FraxiPure
®

 (FXE400).  5 

 6 

ZUCKER Control Metformin FXE20 FXE100 FXE400 

SBP 
(mmHg) 

127.4 ± 7.0 117.5 ± 9.2 120.3 ± 6.8 113.2 ± 4.7 127.6 ± 7.3 

Body weight 
 (g) 

520.2± 14.6

  

450.5±21.7 

* 

481.0±13.5 478.2±9.0 

 

508.0±15.9 

Heart weight  
(g) 

1.15±0.04 1.37±0.15  1.08±0.03 1.08±0.02 1.18±0.02 

Heart weight/ 
Body weigth 

0.223±0.003

 

  

0.258±0.007 

** 

0.223±0.003 0.219±0.003 0.233±0.007 

Solid Intake1 
(g/rat/day) 

38.03±0,62

  

33.07±1.62 

** 

37.40±0.76 34.70±0.49 38.15±0.65 

Solid 
intake/Body 
weight1 

7.42±0.10 7.35±0.20 7.82±0.21 7.20±0.089 7.53±0.21 

Liquid intake1 
(ml/rat/day) 

36.10± 0.88

  

34.40±1.13 37.50±0.63 42.70±1.39 

** 

42.75±0.47 

** 

Liquid 
intake/body 
weight1 

7.05±0.18

  

7.73±0.55 

 

7.82±0.21 8.85±0.21 

** 

8.43±0.24 

* 

Glucose  
(mg/dL) 

137.4 ± 7.1

  

115.7 ± 5.1 

* 

118.2 ± 3.0 

* 

115.0 ± 4.6 

* 

114.2 ± 5.4 

* 

Cholesterol  
(mg/dL) 

166.2 ± 5.9 173.9 ± 6.5 175.2 ± 5.9 171.1 ± 6.2 172.9 ± 5.6 

HDL 
(mg/dL) 

54.17 ± 2.1 54.8 ± 1.9 50.9 ± 1.4 55.4 ± 1.5 56.3 ± 1.6 

Triglycerides 
(mg/dL) 

406.0±53.2 517.0±79.2 

 

312.8±40.3 270.3±33.7 

 

257.5±28.97 

 

Insulin 
(ng/mL) 

1.44±0.05 1.47±0.01 1.35±0.06 1.50±0.01 1.53±0.01 

HOMA-IR 
 

5.04±0.05 4.75±0.13 4.67±0.22 4.78±0.12 4.84±0.10 

Adiponectin 
(ng/mL) 

4.25±0.23

  

3.26±0.33 2.89±0.54 

 

3.88±0.38 3.97±0.36 

 7 

Data represents mean ± S.E.M. of n = 6 animals 8 

HOMA-IR homeostatic model assessment-insulin resistance  9 

*P < 0.05, ** P < =.01, *** P < 0.001 vs Control, one way ANOVA followed by 10 

Dunnett’s test 11 
1
Calculated as mean from 5 weeks of treatment 12 

  13 
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 1 
Table 3. Changes in the pEC50 and Emax of the concentration-response curves of 2 

relaxation of acetylcholine and sodium nitroprusside in pre-contracted aortas from SHR 3 

treated for 20 weeks and Zucker rats treated for 5 weeks with captopril (50 mg/kg body 4 

weight/day), metformin (300 mg/kg body weight/day), or FraxiPure
®

 at doses of 20 5 

(FXE20), 100 (FXE100) and 400 mg/kg body weight body weight/day (FXE400) .  6 

 7 

 SHR 
Acetylcholine Nitroprusside 

pEC50 Emax pEC50 Emax 

Control 
5.91±0.15 67.0±3.8 7.95±0.05 100.0±3.1 

Captopril 6.67±0.05 

*** 
57.4±2.0 

8.29±0.04 

*** 
100.0±2.3 

FXE100 6.52±0.10 

*** 
67.7±3.7 

8.10±0.04 

* 
100.0±3.0 

FXE400 6.88±0.16 

*** 
58.3±4.2 

8.18±0.03 

*** 
100.0±1.7 

 Zucker 

Acetylcholine Nitroprusside 

pEC50 Emax pEC50 Emax 

Control 5.99±0.23 85.9±8.3 7.71±0.03 100.0±2.7 

Metformin 6.03±0.26 83.0±8.6 7.74±0.04 100.0±1.4 

FXE20 
6.81±0.14 

** 
70.0±4.6 7.78±0.08 100.0±4.2 

FXE100 
6.49±0.1 

* 
69.6±4.3 7.79±0.07 100.0±2.3 

FXE400 5.96±0.20 72.8±6.1 7.86±0.04 100.0±3.3 

 8 

Emax was expressed as % of relaxation vs the maximal PHE-induced contraction 9 

 Data represent mean ± S.E.M. of n= 4- 6 experiments 10 

*P < 0.05, ** P < 0.01, *** P < 0.001 vs Control  11 

Data were plotted using the Graph Pad Software version 4.0 (San Diego, CA, 12 

USA), with sigmoid curve fitting performed by non-linear regression; these 13 

curves were used to derive Emax (the maximal relaxant response), pEC50 (-log of 14 

the agonist concentration needed to produce 50% of Emax) and statistical analysis 15 

of differences in these parameters 16 

 17 

 18 

  19 
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 1 
Table 4. Changes in the Emax and pEC50 of the concentration-response curves of 2 

phenylephrine in the presence of the nitric oxide synthase inhibitor L-NAME 100 mM, 3 

in aortas obtained from SHR treated for 20 weeks and Zucker rats treated for 5 weeks 4 

with captopril (50 mg/kg body weight/day), metformin (300 mg/kg body weight/day), 5 

or FraxiPure
®

 at doses of 20 (FXE20), 100 (FXE100) and 400 mg/kg body weight/day 6 

(FXE400). 7 

 8 

 Phenylephrine 
SHR Zucker 

pEC50 Emax pEC50 Emax 

Control 
7.48±0.11 109.0±7.9 7.34±0.06 120.1±5.2 

Metformin 
  7.40±0.05 123.5±4.1 

Captopril 
7.53±0.05 

135.6±5.2 

* 
  

FXE20 
  7.28±0.05 135.1±5.5 

FXE100 
7.49±0.04 

132.8±3.3 

* 
7.23±0.04 128.4±3.7 

FXE400 
7.43±0.05 104.3±3.3 

7.57±0.04 

 
121.0±3.4 

 9 

Emax was expressed as % of the maximal KCl-induced contraction 10 

 Data represent mean ± S.E.M. of n= 4-6 experiments 11 

*P < 0.05 vs Control  12 

Data were plotted using the Graph Pad Software version 4.0 (San Diego, CA, 13 

USA), with sigmoid curve fitting performed by non-linear regression; these 14 

curves were used to derive Emax (the maximal relaxant response), pEC50 (-log of 15 

the agonist concentration needed to produce 50% of Emax) and statistical analysis 16 

of differences in these parameters 17 

 18 

 19 

 20 

. 21 
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 1 

Figure 3
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 1 

Figure 4
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Figure 7
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