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digestion and absorption and contribute to moderate 
excess postprandial blood glucose peaks. Numer-
ous plant polyphenols currently gain attention due to 
their ability to naturally moderate blood sugar levels 
in prediabetic, diabetic, as well as healthy individu-
als.1 The underlying mechanisms are diverse, ranging 
from α-glucosidase inhibition,2 α-amylase inhibition,3 
maltase inhibition 4 and sodium-glucose co-transporter 
(SGLT) inhibition.5 Soy isoflavonoids genistein and 
daidzein have been ascribed to benefit pancreatic func-

The maintenance of glucose homeostasis is of vital 
importance to human physiology, thus being subject 

to strict hormonal control. a rapidly growing number of 
research projects point to postprandial hyperglycemia 
as a contributing factor for weight gain, fasting hyper-
glycemia and, left inappropriately addressed, leading 
to glucose intolerance or insulin resistance and type ii 
diabetes.

Non-caloric food constituents, such as dietary fi-
bers and secondary plant metabolites, prolong food 
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a B S T r a c T
BacKGrOUNd: Previous research has suggested that supplementation with delphinidin-rich maqui berry extract delphinol® significantly 
alters postprandial carbohydrate metabolism and acutely lowers both insulin and glucose at fasting conditions. additionally, the maqui berry 
extract affects absorption of glucose, which was attributed by other groups to SGLT1-inhibition.
METHODS: Because this activity profile suggests promising potential for improving glucose metabolism in prediabetes, we investigated in a 
three months trial the effects of delphinol® in 31 subjects, presenting just diagnose, moderate glucose intolerance, measuring Hba1c, glucose 
tolerance and lipid profile in monthly intervals.
reSULTS: average levels of glycosylated hemoglobin decreased from initial 5.65±0.09% (Se) to 5.50±0.08% (Se) (P=0.084) after one month, 
5.39±0.08% (Se) (P=0.010) after two months and 5.35±0.08% (Se) (P=0.003) after three months of daily supplementation with 180 mg del-
phinol® in the morning. Fasting insulin and glucose were non-significantly lowered. Oral Glucose Tolerance Test (OGTT) performed in monthly 
intervals did not result in significant alterations compared to baseline characteristics. Blood lipid measurements showed significant reduction 
of LdL after three months (P=0.001), VLdL already decrease after one month (P=0.019). VLdL values subsequently raise again showing no 
statistical difference with the starting condition. HDL increased significantly over baseline during the entire treatment period. Total cholesterol 
and triglycerides did not present with significant changes.
CONCLUSIONS: Our findings point to considerable health potentials benefits of Delphinol, particularly related to the improvement of glucose 
metabolism. delphinol® was well tolerated and no adverse effects occurred.
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following characteristics: basal glucose values >100 
mg/dL, basal insulin >15 µiU/mL, postprandial glucose 
>140 mg/dL, any postprandial insulin >100 µiU/mL, 
120 min postprandial glucose >120 mg/dL.

Exclusion criteria were defined as a fasting glucose of 
≥126 mg/dL, requirement of hypoglycemic medication, 
current or past use of fibrates or statins during the past 
three months. all patients provided written informed 
consent. The experimental protocol was approved by 
the ethical committee of the mutual de Seguridad in 
Santiago, chile.

Subjects were recruited with the requirement to follow 
diversified diets, explicitly not following specific weight 
loss, prescribed, religious, or other specific food diets.

Study design

This study was carried out applying an open prospec-
tive design. all recruited subjects were advised to take 
one capsule containing 180 mg delphinol in the morn-
ing with approximately 200 mL water before breakfast. 
in case tablet intake in the morning was forgotten, it 
was permissible to take it later during the day even if 
not in fasting conditions.

clinical examination of subjects was performed at 
trial start and in monthly intervals until completion, 
measuring weight, height, waist circumference (at 
midpoint between the lowest rib and the iliac crest). 
Subjects were advised to avoid eating large food 
portions, especially carbohydrates, and refrain from 
strenuous exercise on days prior to their visit to the 
clinic. Study participants were instructed to turn up at 
the clinic in the early morning (8 am) having fasted 
overnight, at least eight hours. at this occasion fast-
ing blood was drawn for subsequent analysis of bas-
al blood glucose and insulin, followed by an OGTT 
consisting of 75 g glucose in 296 mL liquid (Trutol, 
Thermoscientific, Waltham, MA, USA.), consumed 
within less than 5 min. Subjects remained at rest while 
blood was collected at baseline and at 30, 60, 90 and 
finally 120 min. During this period, only water intake 
was allowed. Glucose was analyzed by GOd-PaP 
colorimetry and insulin by chemoluminescence as de-
scribed elsewhere. Glycemic responses characteristic 
to OGTT were assigned to four categories, with nor-
mal response as class i, low glucose tolerance as class 
ii, altered insulin response (class iii) and impaired 

tion in terms of augmented insulin secretion.6 Bene-
fits of polyphenols on glucose homeostasis identified 
in animal models are corroborated by epidemiologic 
investigations, especially the Nurses’ Health Studies, 
which identified decreased risk for developing type II 
diabetes associated with higher consumption of antho-
cyanins and anthocyanin-rich fruit.7

Our group previously described that delphinidin 
anthocyanins extracted from maqui berries (Aristote-
lia chilensis) dose-dependently lowers fasting glucose 
and insulin in prediabetic individuals. The maqui ber-
ry extract (delphinol®, trademark of mNL chile) is 
standardized to bear no less than 25% delphinidin an-
thocyanins.8 in order to elucidate whether delphinol 
may exert meaningful contributions to healthier blood 
sugar levels, we chose to carry out a 3-month clinical 
trial for measuring Hba1c, OGTT and lipids profile 
in prediabetic individuals. The quality judgment most 
commonly applied to measure good glycemic control, 
is the achievement of an Hba1c level below 7%.9 For 
our study we chose to demonstrate glucose metabo-
lism improvement showing preventive effects of del-
phinol in subjects with moderate hyperglycemia, with 
Hba1c levels ranging from minimum 5.0 to maximum 
7.6, previously undiagnosed with prediabetes.

Materials and methods

Subjects

We recruited generally healthy, previously undiag-
nosed subjects with prediabetes. We screened for suit-
able subjects searching for individuals with polycystic 
ovaries, acne, alopecia or hirsutism, symptoms known 
to frequently coincide with altered glucose and or insu-
lin regulation, at the San cristobal medical Foundation 
(Vitacura, Santiago, chile).

We aimed to investigate possible glucose metabolism 
improvements in medication-naïve volunteers with pre-
viously undiagnosed and untreated prediabetes, to dem-
onstrate that timely intervention with a natural product, 
taken in conjunction with lifestyle improvements, may 
arrest progression to further advanced glucose intoler-
ance.

eligible participants comprised men and women, 
aged 18 to 50 years, presenting an abnormal glucose 
tolerance response, as judged from Oral Glucose Toler-
ance Test (OGTT), defined as presence of any of the 
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majority of enrolled subjects (N=24) of both genders 
presented were overweight or slightly obese, with a 35 
≥BMI ≥25 kg m-2. abdominal obesity, with waist cir-
cumference >103 cm and >88 cm for men and women, 
respectively, was apparent in 11 men and 18 participat-
ing women. Ten participants presented with elevated 
triglycerides (≥150 mg/dL). Seventeen participants had 
moderately elevated blood pressure (>120/80) during 
enrollment, though none did require prescription medi-
cation. during each of three visits after enrollment, sub-
jects were interviewed on unwanted effects and were 
equipped with another package containing 30 delphinol 
capsules (180 mg each). all subjects with the exception 
of one woman, who chose to discontinue the trial for 
private reasons, unrelated to treatment, completed the 
three months investigational period.

Primary outcome

Supplementation of subjects with 180 mg delphinol 
once daily in the morning led to continuously lowered 
Hba1c levels from the first month of treatment until trial 
completion after three months, as presented in Figure 
1. Following the first month of treatment, HbA1c levels 
dropped from an initial average of 5.65%±0.09 (Se), 
to 5.39%±0.08 (Se) (P=0.010) and 5.35%±0.08 (Se) 
(P=0.03), after 60 and 90 days of treatment, respec-
tively.

mean fasting glucose of participants remained un-
changed following 3 months of daily delphinol con-
sumption. at baseline women and men had 89.5 mg/
dL±9.3 (Se) and 93.8 mg/dL±6.4 (Se) respectively, 
and 89.8 mg/dL±7.6 (Se) and 100.6 mg/dL±4.3 (Se) 

glucose tolerance coinciding with altered insulin re-
sponse (class iV). The collected fasting blood sam-
ples were further analyzed for Hba1c using HPLc, as 
well as lipid profiles comprising triglycerides, LDL, 
VLdL, HdL, and total cholesterol, according to rou-
tine practice by means of spectrophotometry.

at every visit, an interview on tolerability of the 
product took place, and body weight and waist circum-
ference were recorded. Tolerability and safety were 
assessed by interview and from blood specimen taken 
at trial start and after completion, measuring uric acid, 
urea, bilirubin, alkaline phosphatase, total globulin, 
glutamic oxaloacetic transaminase (GOT), lactate de-
hydrogenase (LdH), calcium, phosphate, total protein, 
albumin and globulins.

We used a commercially available Delphinol® food 
supplement bearing 180 mg standardized delphinol 
maqui berry extract, capsuled by Barnafi Krause Farma-
céutica S.a., Santiago, chile. capsules contained del-
phinol batch 13156, manufactured in 2013 by mNL 
chile, bearing 31.5% delphinidin glycosides and 39.4% 
total anthocyanins (HPLc), according to product cer-
tificate of analysis.

Results

Subjects

Thirty-one otherwise healthy subjects, 20 women 
and 11 men, who met prediabetes recruitment criteria, 
controlled by diet and lifestyle alone, were enrolled in 
the city of Santiago, chile. anthropometric and car-
diovascular health details are presented in Table i. The 

Table I.— Anthropometric and cardiovascular health characteristics of study participants at trial start and after completion. No signifi-
cant differences were detected between baseline and 3-month treatment in any case.

Female male

Baseline 3 months Baseline 3 months

mean±Sd (min-max) mean±Sd (min-max)

age (years) 32.3±9.7 (20-51) 32.4±9.50 (20-49)
Body weight (kg) 69.4±14.9 (47.0-98.6) 68.2±13.4 (51.4-90.5) 95.3±22.0 (77.0-154.0) 95.1±21.9 (75.0-149.2)
Height (m) 1.57±0.07 (1.46-1.71) 1.72±0.06 (1.61-1.81)

Bmi (kg·m2) 28.4±6.4 (19.1-42.5) 28.5±6.1 (21.0-40.72) 32.0±6.4 (26.3-48.1) 31.5±6.3 (24.9-46.6)
Waist circum-ference (cm) 94.0±13.7 (72-120) 94.5±14.2 (75.0-120.0) 104.6±13.0 (91.0-137.0) 103.3±14.0 (89-135)
Systolic blood Pressure (mmHg) 120.1±13.1 (95-148) 121.5±12.5 (107-153) 126.7±10.7 (110-140) 119.9±7.8 (106-130)
diastolic blood Pressure (mmHg) 74.3±7.5 (60 -85) 76.0±8.0 (65-90) 80.0±7.4 (68-90) 74.8±7.9 (59-85)
Fasting glucose (mg/dL) 89.5±9.3 (76 -110) 89.8±7.55 (77.0-109) 93.8±6.4 (83.0-106.0) 101.5±4.3 (94.0-107.0)
Fasting insulin (U/L) 14.6±6.7 (4.9-26.5) 18.3±18.3 (3.5-83) 13.7±6.7 (4.9-28.8) 17.9±7.9 (9.1-30.1)
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Secondary outcomes

The blood lipid profile was found to improve consid-
erably in response to three-month delphinol supplemen-
tation, as presented in Table ii. mean total cholesterol 
of study participants decreased gradually from baseline 
166.7 mg/dL±6.9 (Se) to 155.6±6.9 (Se) (P=0.004).

mean VLdL cholesterol values dropped already after 
one month of delphinol intake from 23.81 mg/dL±2.03 
(Se) to 18.87 mg/dL±2.03 (Se), but slightly increase 
again on the second month of treatment till 21.74 mg/
dL±2.03 (SE) and finally decrease once more on the 
third month to 21.13 mg/dL±2.03 (Se). These up and 
down on the VLdL values follow the pattern of an over-
damped curve observed in biological control processes.

LdL mean values dropped after three months of del-
phinol consumption from a mean of 109.00 mg/dL±6.18 
(SE), to a final mean value of 95.39 mg/dL±6.20 (SE) 
(P<0.001). HdL cholesterol responded to delphinol 
with significantly higher values from 2 months of treat-
ment and onwards 34.13 mg/dL±1.52 (Se) to 39.07 mg/
dL±1.52 (SE) (P<0.001). No effects were identified on 
triglycerides (Table ii).

The mean relation HDL/LDL, significantly improved 

respectively after three months of delphinol intake. 
Oral glucose tolerance tests at trial start and after three 
months of Delphinol treatment did not show significant 
variations of postprandial glucose and insulin responses 
(data not shown).

Figure 1.—Hba1c values of 30 prediabetic subjects taking 180 mg del-
phinol once a day in the morning over a period of three months.

Table II.— Changes on blood lipid profile in response to supplementation with Delphinol for three months.

Lipid species days
Serum

concentration mg/dL;
(least square mean and Se)

dunnet HSU comparisons 1

baseline versus treatment
difference least 
square means adjusted P-value

Total cholesterol 0
30
60
90

166.74; 6.91
164.16; 6.91
165.58; 6.91
155.63; 6.93

0 vs. 30
0 vs. 60
0 vs. 90

2.58
1.16

11.11

0.514
0.640
0.004*

LdL cholesterol 0
30
60
90

109.00; 6.18
109.26; 6.18
103.84; 6.18

95.39; 6.20

0 vs. 30
0 vs. 60
0 vs. 90

-0.26
5.16

13.61

0.788
0.195
0.001*

VLdL cholesterol 0
30
60
90

23.81; 2.03
18.87; 2.03
21.74; 2.03
21.13; 2.04

0 vs. 30
0 vs. 60
0 vs. 90

-4.94
-2.06
-2.68

0.019*
0.311
0.163

HdL cholesterol 0
30
60
90

34.13; 1.52
36.10; 3.11
40.00; 3.11
39.25; 3.16

0 vs. 30
0 vs. 60
0 vs. 90

-1.97
-5.87
-4.94

0.077
<0.001*
<0.001*

Triglycerides 0
30
60
90

126.81; 15.10
128.06; 15.10
143.61; 15.10
121.77; 15.18

0 vs. 30
0 vs. 60
0 vs. 90

-1.26
-16.81

5.04

0.797
0.988
0.553

1One-tailed dunnet HSU comparison.
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mean of 5.35 which is considered a normal value. Unex-
pectedly, fasting glucose and insulin, tested at four week 
intervals, did not show significant reduction compared 
to baseline. OGTT, prospected bi-fortnightly, showed a 
trend indicative of improved glucose tolerance, although 
not reaching statistically relevant levels. in a previous 
study, we described that acute delphinol intake dose-
dependently alters glucose tolerance in OGTT, with de-
layed blood glucose absorption after glucose challenge 
(alvarado et al. manuscript submitted to peer review). 
delphinol bears the unique characteristic of not being 
limited to delaying complex carbohydrate metabolism, 
but also affecting glucose absorption by SGLT1-inhi-
bition.5 Another group identified improved glucose ho-
meostasis using 240 mg of purified anthocyanins from 
blueberry and blackcurrant source (medox, Norway) 
to type ii diabetic patients over an investigative period 
of 24 weeks.10 This study reports a significant decrease 
of fasting plasma glucose. However, treatment-related 
Hba1c and plasma insulin reductions did not reach sta-
tistical significance, despite the much higher daily an-
thocyanin dosage applied in comparison to our proto-
col, which corresponds only to 63 mg of anthocyanins 
per day, using 180 mg of delphinol.

Subjects in our study were not limited with regard to 
their dietary preferences. it is plausible that this circum-
stance may have contributed to pronounced inter-indi-
vidual variations of investigated blood parameters, re-
sulting in statistical insignificance of glucose tolerance 
improvements in OGTTs carried out every four weeks. 
This study was not aimed at improving obesity indexes 
and no significant variations in BMI were identifiable.

Further to the evaluation of subject’s glycemia, we 
aimed at identifying effects on cardiovascular health 
parameters, which may manifest secondary to glucose 
metabolism improvements. anthocyanins have previ-
ously been extensively researched for cardiovascular 
health benefits by other groups, as recently reviewed by 
Wallace et al.11 a total of 55 clinical investigations were 
reviewed, which explored effects of anthocyanin con-
sumption in subjects with hyperlipidemia and dyslipid-
emia. in our study we found improvements on the blood 
lipid profiles, with total cholesterol, LDL and VLDL 
cholesterol lowered and HdL cholesterol increased. 
Statistical significance was reached for LDL after three 
months treatment and for VLDL from the first month of 
treatment until trial end. Furthermore, HdL increased 

for the participants, the starting value for this parameter 
was 0.31, slightly increase to 0.33 after the first month 
of treatment, then to 0.39 at the second month and fi-
nally reaching 0.41 at the third month of treatment.

Safety assessment and clinical chemistry

Supplementation with delphinol was well tolerated. 
Subjects routinely interviewed during every visit to the 
clinic reported absence of unwanted effects and toler-
ability issues.

as presented in Table iii, liver enzymes were not af-
fected by treatment with delphinol. all parameters re-
mained at physiologic and healthy values and no signifi-
cant alteration of any parameter was detected other than 
those signaled in Table iii.

Discussion

The aim of our study was to examine if the regular 
consumption of a delphinidin-rich maqui berry extract, 
taken as a daily dietary supplement, may significantly 
improve glycemic control in individuals presenting el-
evated blood glucose, who have not previously been ex-
posed to hypoglycemic medication.

With daily intake of Delphinol® Hba1c levels de-
creased noticeably already after one month, with statis-
tical significance apparent after two and three months 
of treatment. For people without diabetes, the normal 
range for the Hba1c test is between 4% and 5.6%, Hba1c 
levels between 5.7% and 6.4% indicate increased risk 
of diabetes. during this study our participants dropped 
from a mean Hba1c of 5.65, indicating diabetic risk, to a 

Table III.— Safety and tolerability assessment at baseline and fol-
lowing three months supplementation with Delphinol.

Parameter Trial Start Trial completion P-value

alkaline phosphatase 175.71±9.48 127.22±10.35 0.001
Glutamic-oxaloacetic 
Transaminase

27.29±4.63 21.99±5.03

Lactate dehydrogenase 314.77±12.48 297.23±13.22
Urea 25.13 ± 1.29 27.83±1.37 0.029
albumin 3.94±0.04 4.11±0.05 0.001
Gamma globulins 2.82±0.05 2.53±0.05 <0.001
Total proteins 6.79±0.06 6.63 ± 0.06 0.005
Uric acid 4.88±0.37 5.51±0.39
Bilirubin 0.57±0.06 0.56±0.06
calcium 12.25±1.88 9.58±2.05
Phosphate 175.71±9.48 127.22±10.35
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diabetic patients, we obtained comparative results to 
earlier studies applying 3 to 6 times higher doses of an-
thocyanins.

any other mechanisms of action to explain the main-
tenance of fasting glucose and insulin while there is a 
drop on the Hba1c levels and the improvement of the 
entire of the lipids profile need further investigation.
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significantly after 60 and 90 days of Delphinol con-
sumption. Our results are in concordance with previous 
studies that used the afore mentioned mixed berry an-
thocyanin preparation medox at a higher daily dosage 
of 320 mg purified anthocyanins to 120 dyslipidemic 
subjects, finding significantly improved LDL and HDL 
cholesterol values after twelve weeks.12 This group as-
cribes this effect to both a decrease and inhibition of 
plasma cholesteryl-ester transfer protein in response to 
anthocyanins. Furthermore, berry anthocyanins were 
shown to improve dyslipidemia in a placebo-controlled 
study with 58 type ii diabetic patients, some of which 
were medicated with oral glucose-lowering and lipid-
lowering drugs.10 This study described positive effects 
on insulin resistance based on significantly decreased 
HOma-ir after 24 weeks of treatment with 180 mg an-
thocyanins twice a day. In confirmation of our findings, 
the group of Li et al. 10 described significant improve-
ments of lipid profile. Furthermore, this research group 
describes significant reduction of diastolic and systolic 
blood pressure, from 82 mmHg±8 (Se) to 80 mmHg±10 
(Se) and from 130 mmHg±13 (Se) to 126 mmHg±11 
(Se) respectively. Participants in our study were normo-
tensive and alterations were marginal and insignificant.

Previous studies on delphinol with a higher daily 
dosage corresponding to approximately 160 mg antho-
cyanins, demonstrated significant reduction of blood 
lipid oxidation in a double-blind, placebo-controlled 
protocol.13 Both plasma oxidized LdL and urinary F2-
isoprostane were significantly lowered in a cohort of 
42 moderately overweight cigarette smokers, following 
four-month supplementation with delphinol. despite the 
relatively high daily delphinol dosage applied, no sig-
nificant alterations to blood lipid profiles were reported.

Conclusions

In conclusion, maqui berry anthocyanins significant-
ly improve blood glucose in individuals previously un-
diagnosed for early prediabetic stage, in absence of side 
effects.

in this study we found that with a much lower dose 
than that previously described in the treatment of pre 
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