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Abstract

Objective—The aims of the following experiments were to characterize anti-diabetic in vitro and

in vivo activity of the polyphenol-rich aqueous extract of Rutgers Scarlet Lettuce.

Materials / Methods—Rutgers Scarlet Lettuce (RSL) extract (RSLE) and isolated compounds

were evaluated for inhibitory effects on glucose production as well as tumor necrosis factor alpha

(TNFα)-dependent inhibition of insulin activity in H4IIE rat hepatoma cells. Additionally, high fat

diet-induced obese mice were treated with RSLE (100 or 300 mg/kg), Metformin (250 mg/kg) or

vehicle (water) for 28 days by oral administration and insulin and oral glucose tolerance tests were

conducted. Tissues were harvested at the end of the study and evaluated for biochemical and

physiological improvements in metabolic syndrome conditions.

Results—A polyphenol-rich RSLE, containing chlorogenic acid, cyanidin malonyl-glucoside

and quercetin malonyl-glucoside, was produced by simple boiling water extraction at pH 2. In

vitro, RSLE and chlorogenic acid demonstrated dose-dependent inhibition of glucose production.

In vivo, RSLE treatment improved glucose metabolism measured by oral glucose tolerance tests,

but not insulin tolerance tests. RSLE treated groups had a lower ratio of liver weight to body

weight as well as decreased total liver lipids compared to control group after 28 days of treatment.

No significant differences in plasma glucose, insulin, cholesterol, and triglycerides were observed

with RSLE treated groups compared to vehicle control.
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Conclusion—RSLE demonstrated anti-diabetic effects in vitro and in vivo and may improve

metabolic syndrome conditions of fatty liver and glucose metabolism.
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Introduction

Modification of diet and exercise are the primary means by which most individuals can

significantly counter the health problems of obesity and associated conditions of metabolic

syndrome, including type 2 diabetes, dyslipidemia, and cardiovascular disease. Diets rich in

fruits and vegetables help reduce the risk of developing chronic diseases according to

epidemiological studies [1, 2]. Development of functionally-enhanced foods containing

beneficial phytochemicals and offering health and wellness benefits beyond basic nutrition,

may provide additional advantages in combating the metabolic syndrome. Prominent

functional foods include blueberries, green tea, cocoa, and cinnamon; although clinical

research is not definitive on their preventative and treatment properties [3, 4]. Recently, it

was reported that polyphenols, but not sugars, were efficiently concentrated and stabilized

from blueberry and grape juices to produce a phytochemically-enhanced food ingredient

which demonstrated anti-diabetic effects in animal models [5-7]. Polyphenol rich fruits and

vegetables also showed anti-diabetic effects is several clinical studies [8, 9].

Development and production of plants with enhanced nutritional and functional value is on

the rise due to burgeoning consumer interest [10]. Red lettuce varieties with high

polyphenolic content (close to 10% dry weight), named Rutgers Scarlet Lettuce (RSL), were

developed through non-transgenic tissue culture approaches and targeted screens for purple

anthocyanin coloration in leaf tissue, (unpublished data, Cheng et al. 2013). RSL

accumulated high contents of hydroxycinnamates and quercetin glycosides.

Hydroxycinnamates are abundant in coffee, especially green coffee beans, and have been

reported to have anti-diabetic effects [11]. Chlorogenic acid is one of the most abundant

hydroxycinnamates and coffee extracts decreased plasma glucose compared to control when

administered with carbohydrate in humans [12]. Quercetin is another ubiquitous

phytochemical reported to have anti-inflammatory activity, improve insulin sensitivity, and

reduce blood pressure and other conditions relevant to metabolic syndrome [13-15]. The

high content of hydroxycinnamic acids, cyanidin-glycosides and quercetin glycosides

suggest that RSL may also have beneficial effects against metabolic syndrome and type 2

diabetes.

In this study, we produced an aqueous polyphenol-rich extract from RSL, termed RSLE, and

characterized its in vitro and in vivo anti-diabetic activity including inhibition of glucose

production and attenuation of tumor necrosis factor alpha (TNFα)-induced insulin resistance

in H4IIE hepatoma cells. Additionally, high fat diet-induced obese mice were treated with

RSLE for 28 days by oral administration and oral glucose and insulin tolerance tests were

conducted. Tissues were harvested at the end of the study and evaluated for biochemical and
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physiological improvements in metabolic syndrome conditions. Our results suggest that RSL

improves glucose metabolism and attenuates lipid accumulation in the liver.

Materials and Methods

Phytochemical Analysis

RSL plants were maintained in growth chambers under following conditions: 19 °C day, 16

°C night, 16 h light/8 h dark photoperiod, 65 % relative humidity, and 225 µE m-2s-1 light

intensity provided by cool white fluorescent lamps. Two varieties of RSL were harvested for

analyses: NFR-S-4 and NBR-S-16. Voucher specimens of NFR-S-4 (accession # 139699)

and NBR-S-16 (accession # 139700) were deposited in the Chrysler Herbarium at Rutgers

University. NFR-S-4 was used to produce the RSLE use in this study.

Outer leaves were harvest from 2-3 month old plants, fresh weights were recorded and

leaves were frozen at -80 °C prior to lyophilizatio n. Dry weights were recorded and leaves

were ground to a fine powder with a mortar and pestle. Samples were extracted with a

methanolic solvent to efficiently extract polyphenols as described by [16] with minor

modifications. Briefly, 0.5 g of dried material was extracted with 15 mL of solvent

(CH4O/H2O/C2H4O2; 85:14.5:0.5) three times. Samples were pooled and filtered through

0.45 μm PTFE filters (VWR) prior to analyses.

To produce an aqueous extract, RSLE, fresh leaves of RSL were blended with 100 °C water

(adjusted to pH 2 with H2SO4) 1:5 (w/v) in a Vitamix Professional 500 Blender (Cleveland,

OH) for 30 s. The lettuce mixture was centrifuged for 5 min at 4000 rpm to pellet solids.

The supernatant was vacuum filtered through Whatman® #1 paper and the volume was

reduced by rotary evaporation. Samples were lyophilized and stored at -20 °C. For stability

tests, extracts were stored in amber glass screw cap vials under accelerated storage

conditions (37 °C). Subsamples of extracts were analyzed for total polyphenolic and

anthocyanidin content every 7 days for 28 days.

Phytochemical Isolation and Structure Elucidation

Compounds were separated by centrifugal partition chromatography (CPC) on an Armen

Spot CPC 250 Light (Saint-Avé, France) instrument using a 210 mL column. A two phase

solvent system of CHCl3/C3H8O/H2O (2:4:4) 0.5 % acetic acid was used in ascending mode

with the aqueous upper layer as the mobile phase (5 mL/min, elute 300 mL upper phase,

extrude 300 mL lower phase). Fractions were collected every 2 min on a CHF122SC

fraction collector (Advantec, Dublin, CA) and pooled according to UV monitoring at 254

nm into 11 fractions (A-K).

Reversed phase-high performance liquid chromatography (RP-HPLC) was carried out on a

Water System (Waters 616 four channel pump with semi-preparative pump heads operated

on a Waters 600 Controller; Waters 490E Programmable Multiwavelength Detector set to

monitor at 254, 360 and 520nm; Waters 717 Plus Autosampler) using a Phenomenex semi-

preparative Synergi Hydro column (250 × 20 mm, 4 μm) run with a flow rate of 10 mL/min.

CPC fraction C was subjected to isocratic RP-HPLC elution with CH3OH/H2O/C2H4O2

(50:45:5) to give cyanidin 3-O-glucoside (Rt 6.2 min) and cyanidin 3-O-(6-malonyl-
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glucoside) (Rt 7.4 min). FCPC fraction E was subjected to RP-HPLC under the same

conditions as above to afford 5-O-caffeoylquinic acid (chlorogenic acid) (Rt 7.3 min) and

quercetin glucuronide (Rt 13.5 min). FCPC fractions F and I were combined and subjected

to isocratic RP-HPLC with CH3OH/H2O/C2H4O2 (25:70:5) to give quercetin 3-glucoside

(Rt 9.4 min) and quercetin 3-(6-malonylglucoside) (Rt 10.6 min). Compound identity was

confirmed by comparison of HPLC-MS and NMR data with published values [17-20]. 1H

NMR spectra were recorded in DMSO-d6 on a 500 Varian VNMRS 500 MHz. UPLC-MS

was performed as previously described in [21] with the addition a positive ionization mode

in the Varian 1200L triple quadrupole mass detector (Varian Inc., Palo Alto, CA). The

electrospray ionization interface was operated in negative or positive ionization mode and

voltage was adjusted to -4.5 kV for the negative mode and 5 kV for the positive mode. The

drying gas temperature was 280 °C and the sheath gas was compressed air for the negative

ionization mode and nitrogen for the positive ionization mode.

HPLC-UV Quantification

Phytochemicals were quantified by RP-HPLC-UV using standards of chlorogenic acid

(Sigma), dicaffeoyl quinic acid (ChromaDex, Irvine, CA), cyanidin 3-glucoside

(Polyphenols, Norway) and quercetin 3-glucoside (provided by Professor Karwe at Rutgers

University) to generate regression lines for quantification. The column was a Synergi

Hydro-RP 80Å column (250 × 4.6 mm, 4 μm). The flow rate was 1 mL/min and 10 μL of

each sample or standard was injected. UV detection was set at 254 nm (quercetin

glycosides), 320 nm (hydroxycinnamic acids), and 517 nm (anthocyanins). Peak areas were

analyzed using and expressed as indicated compound equivalents ± standard error (SE).

Compounds were separated using 0.1% trifluoroacetic acid in water (solvent A) and

acetonitrile (solvent B). The solvent gradient used was 16% B, 84% A initially; 20% B, 80%

A at 15 min and 16% B, 84% A at 32 min to completion. Each run was 60 min and followed

by a 15 min equilibration period with 16% B, 84% A.

Analyses of total polyphenols, anthocyanins and oxygen radical absorption capacity

Total polyphenol content was measured by a modified Folin-Ciocalteu method [22] as

previously described [21] and expressed as mean gallic acid equivalents of at least three

independent experiments. Total monomeric anthocyanin content was determined according

to the AOAC pH differential method and recorded as cyanidin 3-glucoside equivalents [23].

Oxygen radical absorption capacity was measured as described [24, 25] and results were

expressed as μmol Trolox® equivalents.

In vitro glucose production assay

H4IIE rat hepatoma cells (CRL-1548, American Type Culture Collection, Manassas, VA)

were assayed as previously described [21]. Cell viability was measured by the 3-(4,5-

Dimethyl-2-thiazolyl)-2,5-diphenyltetrazolium bromide (MTT; TCI, Portland, OR) assay

[26].
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Animal care and experimental design

All protocols and standard operating procedures with animals were reviewed according to

guidelines approved by the Internal Animal Care and Use Committee at Rutgers University.

Five week old male C57Bl/6J mice were purchased from Jackson Labs (Bar Harbor, ME)

and cared for as previously describe [21]. A diet-induced obese (DIO) mouse model was

induced by providing a very high fat diet (VHFD) containing 60% kcal fat (D12492,

Research Diets, New Brunswick, NJ) for 13 weeks [27]. Weekly food intake per cage and

individual body weight measurements were determined throughout the study.

After 13 weeks on VHFD, DIO mice were given a preliminary oral glucose tolerance test

(OGTT) and divided to balanced response groups. Mice were given daily oral

administrations of RSLE (100 or 300 mg/kg) or water control (n = 10 per treatment group)

for 28 days. A Metformin group (250 mg/kg) was included as positive control (n = 5). On

days 7 and 21 of treatment, mice were given insulin tolerance tests (ITTs). On days 14 and

25 of treatment, mice were given OGTTs. ITTs were administered by fasting mice for 4-6 h

prior to insulin i.p. injection (0.75 U/kg) and measuring blood glucose every 20 or 30 min

from the tail vein using a glucose using an AlphaTrak glucometer (Abbott Labs Inc., Abbott

Park, IL). For OGTT, mice were fasted for 4 h (day 14) or overnight (day 25) prior to an

oral glucose challenge (2 g/kg). Blood glucose was recorded every 30 min. Insulin response

and glucose metabolism were evaluated at each time point and by calculating the area under

the curve (AUC).

After 28 days of gavage, mice were euthanized by CO2 asphyxiation and cardiac puncture.

Blood was collected in tubes containing EDTA. Plasma biochemical analyses were

performed at Pennington Biomedical Research Center (Baton Rouge, LA). Plasma insulin

was determined using an ELISA kit (Crystal Chem, Downers Grove, IL). Plasma glucose,

cholesterol, and triglycerides were run on a Beckman DxC 600 Pro (Beckman Coulter, Inc.,

Brea, CA). Tissues were harvested, weights were recorded for liver, and tissues were snap

frozen in liquid nitrogen and stored at -80 °C.

Hepatic lipid extraction

Lipid content of liver samples was determined by Folch's method [28]. Briefly, liver

samples (~300 mg) were extracted 20:1 (v/w) with CHCl2/ CH3OH (2:1), solvent was

removed by rotary evaporation and lyophilization and dry weights were recorded. Samples

were redissolved in 7 mL isopropanol, and triglyceride and cholesterol content were

determined colorimetrically according to manufacturer's instructions (Sigma).

Statistical analysis

Data were summarized as mean ± SE. Statistical significance of differential effects of RSLE,

Metformin and vehicle control was analyzed in terms of a general linear model analysis of

variance. Longitudinal data from oral glucose tolerance tests and insulin tolerance tests were

analyzed using a mixed effects model for repeated measures across 120 minutes. Multiple

pairwise comparisons were performed using two-directional alternative hypotheses with

Dunnett's or Tukey's methods for a global significance level set at α = 0.05. All statistical

procedures were performed with SAS 9.3 software (Cary, IN).
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Results

Phytochemistry

A boiling water extraction was used to produce RSLE, a rich red colored extract with high

content of polyphenols (143.8 ± 3.2 mg/g gallic acid equivalents) and anthocyanins (43.0 ±

3.3 mg/g cyanidin 3-glucoside equivalents). Phytochemical structures of chlorogenic acid

(5-O-caffeoylquinic acid), cyanidin 3-O-glucoside, cyanidin 3-O-(6-malonyl-glucoside),

quercetin-3-glucoside, quercetin 3-(6-malonylglucoside), quercetin glucuronide were

confirmed by comparison of 1H NMR and HPLC-MS data according to previously reported

spectra and molecular weights. RSLE yield was 4.4 ± 0.1 % of fresh weight lettuce.

Antioxidant capacity of RSLE was 6.2 ± 0.28 mmol Trolox equivalents per g extract.

Phytochemical constituents of RSL varieties NFR-S-4 and NBR-S-16 and RSLE are listed

in Table 1. Cyanidin 3-glucoside and quercetin glucuronide were detected, but were not

within the limits of quantification.

Stability of total polyphenols and anthocyanins in RSLE over time were determined over 4

weeks at 37 °C (Fig. 1). After 4 weeks of storag e, a 10 ± 2 % reduction in total polyphenols

was observed, although the difference was not statistically significant. Anthocyanin content

was significantly reduced by 26 ± 1% after 4 weeks at 37 °C. Flavonoids, particularly

anthocyanins, are known to be heat sensitive [29].

Inhibition of glucose production in vitro

RSLE and compounds isolated from RSLE (chlorogenic acid, cyanidin malonyl-glucoside,

quercetin malonyl-glucoside, and quercetin glucuronide) were evaluated for inhibition of

glucose production in H4IIE rat hepatoma cells. RSLE demonstrated dose-dependent

inhibition of glucose production with statistically significant reduction observed at the RSLE

concentrations of 10 and 20 μg/mL (Fig. 2a). Chlorogenic acid, a major constituent in RSLE

(55 mg/g extract), also demonstrated a dose-dependent response (Fig. 2b). Cyanidin

malonyl-glucoside, quercetin malonyl-glucoside, quercetin glucuronide did not demonstrate

significant inhibitory effects on glucose production at concentrations up to 10 μM. Minor

components of RSLE, including cyanidin 3-glucoside and quercetin 3-glucoside dose-

dependently inhibited glucose production up to 48 % and 56 % at 10 μM, respectively.

Results suggest that chlorogenic acid is at least partially responsible for the glucose lowering

effect in this assay.

Reduction of TNFα-attenuation of insulin signaling

H4IIE hepatoma cells were co-treated with insulin and/or TNFα to demonstrate attenuation

of insulin inhibition of glucose production (Fig. 3). However, concurrent treatment with

RSLE (20 μg/mL), insulin and TNFα did not significantly reduce glucose response

compared to insulin with TNFα treatment. RSLE may have some ability to overcome TNFα

attenuation of the inhibition of glucose production by insulin. A more sensitive and robust

assay is needed to validate this effect. The trend in reduction in the mean percentage glucose

level may be the additive effect of chlorogenic acid lowering glucose production through

inhibition of glucose-6-phosphatase translocase [30]. There were no significant differences

in cell viability with any of the treatments reported.
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Improvement of glucose metabolism and liver lipid accumulation in DIO mice

Daily oral administrations of RSLE improved parameters of metabolic syndrome in DIO

mice including glucose metabolism measured by OGTTs and hepatic lipid accumulation.

There were no significant differences in daily feed intake or weight change between

treatments compared to control groups.

RSLE improved insulin sensitivity acutely after 21 days of treatment showing decreased

glucose 20 min post insulin injection (Fig. 4a). However, AUC analysis did not indicate

significant improvements in insulin sensitivity with RSLE treatment compared to vehicle

control although a decreasing trend was observed (Fig 4b). Metformin (positive control)

showed significant improvement in insulin sensitivity compared to vehicle control after 7

days and 21 days of treatment. There were no significant differences with 7 days of RSLE

treatment.

In OGTT, RSLE (100 and 300 mg/kg), as well as Metformin, significantly decreased AUC

compared to vehicle control group after 25 days of treatment (Fig. 4d), indicating

improvements in glucose metabolism. Blood glucose was significantly lower 30 min after

glucose challenge with RSLE 300 mg/kg treatment (Fig 4c). OGTT after 14 days of

treatment was not included as blood glucose metabolism was not improved even in the

Metformin positive control group.

After 28 days of RSLE treatment, no improvement in plasma glucose, insulin, cholesterol

and triglycerides content was observed compared to vehicle control. Significant differences

in plasma insulin levels were only observed in the Metformin group compared to vehicle

control (data not shown).

The percent liver weight to body weight of mice from all three treatment groups were lower

than control, however, only RSLE 300 mg/kg was differentially significantly (Fig. 5a). Total

liver lipid content of mice treated with RSLE 300 mg/kg or Metformin was significantly

lower than control (Fig. 5b). There were no significant differences in cholesterol or

triglyceride concentration in liver lipids compared to vehicle control.

Discussion

RSL was developed as a novel functional food that contains high levels of bioactive

polyphenols. Three major phytochemicals accumulate in RSL: chlorogenic acid, cyanidin

malonyl-glucoside, and quercetin malonyl-glucoside; representatives of three important

polyphenolic classes: hydroxycinnamic acids, anthocyanins, and flavonols, respectively.

While these compound classes commonly accumulate in fruits and vegetables, their

particularly high levels in RSL may provide added health benefits as these compounds are

associated with anti-diabetic and/or anti-inflammatory activities. This is particularly true

because high polyphenol fruits usually contain high levels of sugars with high glycemic

index (e.g., glucose) making them more caloric and less useful for the dietary management

of diabetes and obesity.
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Regular consumption of polyphenol-rich RSL and RSLE may contribute to the prevention

and treatment of metabolic syndrome. The development of obesity includes changes in lipid

accumulation (oxidation and storage), glucose production, insulin response and

inflammatory status in the liver due to obesity [31]. Nonalcoholic fatty liver disease or

hepatic steatosis is the manifestation of metabolic syndrome in the liver. RSLE showed

evidence of countering some of these conditions such as improving glucose metabolism and

attenuating liver lipid accumulation in vivo and inhibition of glucose production in vitro. In

other studies, dietary supplementation of green or red lettuce also improved tissue oxidation,

lipid metabolism, plasma cholesterol, as well as antioxidant status compared to control diets

[32, 33]. In addition to polyphenol content, vitamin, carotenoid, and fiber content of lettuce

may also contribute to health benefits [34].

Our in vitro results suggest that inhibition of hepatic glucose production by RSLE is likely

due to very high chlorogenic acid content. Chlorogenic acid is ubiquitous in the plant

kingdom and good sources include apples, pear, apricots and berries. The main dietary

source of chlorogenic acid is coffee, providing 20 - 675 mg of chlorogenic acid per 200 mL

cup depending on the coffee bean, roast and brew [35]. There is a growing body of research

on the benefits of coffee [36, 37], coffee polyphenols [11, 38], as well as chlorogenic acid

[39, 40] in rodent models of metabolic syndrome. Chlorogenic acid is an inhibitor of hepatic

glucose-6-phosphate translocase, and has also been shown to lower fasting blood glucose in

db/db mice, as well as stimulate glucose transport in skeletal muscle, and improve glucose

and lipid metabolism through AMPK activation [30, 41]. Mice given an oral pretreatment

with chlorogenic acid (3.5 mg/kg body weight) demonstrated a lower rise in blood glucose

compared to control following an oral glucose challenge [40]. Likewise, RSLE also showed

a lower rise and lower level of blood glucose compared to vehicle control when given an

OGTT. Chlorogenic acid containing-foods, such as RSL, may help to attenuate the

development of the metabolic syndrome. Future studies may include incorporation of RSL

or RSLE through dietary supplementation to investigate long term benefits for combating

the metabolic syndrome.

Effects of long term dietary supplementation with chlorogenic acid have been reported with

mixed results. Mice given a high-fat diet supplemented with chlorogenic acid (0.2 g/kg diet)

for 8 weeks resulted in lower body weight, plasma leptin and insulin levels, as well as

improved lipid metabolism, compared to high fat diet control [39]. However, in another

study, dietary supplementation with chlorogenic acid (1 g/kg diet) for 12 weeks seemed to

increase glucose intolerance as well as increase insulin resistance and lipid accumulation

compared with high fat diet control [42]. While the study by Mubarak et al. [42] used a

higher concentration of chlorogenic acid supplementation than Cho et al. [39], accounting

for the reported feed intakes, mice consumed daily chlorogenic acid doses of approximately

0.15 mg/kg body weight [42] or 1.3 mg/kg body weight [39], respectively. In comparison,

RSLE oral administration delivered a greater single daily chlorogenic acid dose of 5.5

mg/kg body weight (100 mg RSLE/kg) or 16.5 mg/kg (300 mg RSLE/kg). The different

effects in DIO mice may be due to the dose of chlorogenic acid delivered as well as the use

of different mouse strains. Additionally, the presence of flavonoids in RSLE, including

cyanidin- and quercetin-glycosides may have also contributed to in vivo anti-diabetic effects.
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For instance, cyanidin 3-glucoside prevented obesity-associated insulin resistance in HFD-

fed and db/db mice [43] and ameliorated hyperglycemia and insulin sensitivity in DIO mice

[44]. Additionally, quercetin has been shown to improve inflammatory status in obese rats

and improve metabolic syndrome conditions [15] as well as reduce systolic blood pressure

and plasma oxidized LDL in overweight subjects [14]. The complex interactions of these

phytochemicals are interesting avenues for further exploration given their associated health

benefits and prominence in fruits and vegetables.

As lettuce is widely and regularly consumed around the world, benefits from RSL

consumption could have significant impact. Though further pre-clinical and clinical research

is needed, improvements observed in glucose metabolism and lipid accumulation from

RSLE treatment suggest that RSLE may be a valuable health-promoting food ingredient.
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Figure 1.
Stability of (A) total polyphenols and (B) anthocyanins in Rutgers Scarlet Lettuce aqueous

extract (RSLE) over one month in accelerated conditions (37 °C). Significant differences

compared to day 0 by Dunnett's test (*p < 0.05, **p < 0.01, ***p < 0.001).
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Figure 2.
Inhibition of glucose production by RSLE and chlorogenic acid. H4IIE cells treated with (A)

RSLE or (B) chlorogenic acid demonstrated dose-dependent reduction of glucose

production. Data are presented as means ± SE of 3-4 independent experiments. Significant

differences compared to control were determined by Dunnett's test (* p < 0.05, ** p < 0.01).
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Figure 3.
Amelioration of TNFα-attenuated insulin inhibition of glucose production in H4IIE cells.

H4IIE cells treated were with insulin, TNFα, and RSLE. Three independent experiments

were consolidated and data are presented as means ± SE. Significant differences were

determined by Tukey's multiple comparisons test (means with the same symbol are not

significantly different, p < 0.05).

Cheng et al. Page 14

Nutrition. Author manuscript; available in PMC 2015 July 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 4.
Effects of RSLE on insulin sensitivity and glucose metabolism. DIO mice were treated with

vehicle (water), RSLE, or Metformin for 28 days. After 21 days of treatment mice were

given an insulin tolerance test (A & B). After 25 days of treatment, mice were given an oral

glucose tolerance test (C & D). Data are presented as (A & C) mean blood glucose ± SE and

(B & D) area under the curve ± SE (n = 10, except Metformin, n = 5; *p < 0.05; **p < 0.01,

***p < 0.001).
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Figure 5.
Reduction of hepatic lipid accumulation. DIO mice were treated with vehicle (water), RSLE,

or Metformin for 28 days. Livers were harvested and lipids were extracted by Folch's

method. Data are the means ± SE (n = 10, except Metformin, n = 4; *p < 0.05).
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Table 1

Phytochemical content of Rutgers Scarlet Lettuce (RSL) and RSL extract (RSLE)

Chlorogenic acid Cyanidin malonyl-
glucoside (C3G eq.)

Cyanidin-3-glucoside Quercetin malonyl-
glucoside (Q3G eq.)

Quercetin-3-glucoside

mg/g DW extract

RSLE 54.8 ± 5.7 44.9 ± 3.1 below LOQ 67.8 ± 5.6 10.0 ± 2.5

mg/g DW leaves

NFR-S-4 24.5 ± 6.1 20.4 ± 7.1 5.5 ± 2.9 19.8 ± 4.9 18.6 ± 3.7

NBR-S-16 32.6 ± 3.4 17.4 ± 2.1 3.8 ± 2.1 21.1 ± 1.9 14.5 ± 7.5

mg/g FW leaves

NFR-S-4 1.39 ± 0.17 1.63 ± 0.57 0.81 ± 0.23 1.58 ± 0.39 1.07 ± 0.60

NBR-S-16 2.61 ± 0.27 1.39 ± 0.17 0.31 ± 0.17 1.68 ± 0.15 1.16 ± 0.60

RSL plant material for varieties NFR-S-4 and NBR-S-16. Compounds were quantified by HPLC using UV peak areas of compound standards.
Cyanidin malonyl-glucoside content was quantified as cyanidin 3-glucoside equivalents (C3G eq.). Quercetin malonyl-glucoside content was
quantified quercetin 3-glucoside equivalents (Q3G eq.). Results are presented as the means ± SE.
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