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INTRODUCTION

It is estimated that developing countries in Asia and
in the Middle East, particularly in Persian Gulf states,
will have the largest increase in the prevalence of
diabetes by 2030, which is related to major shift in
life style and nutrition transition in these countries.™
The prevalence of type 2 diabetes (T2D) is reported to
be more than 14% in Tehran, Iran, with an estimated
incidence of new cases in about 1% of population
per year.l? There is high prevalence of Coronary
Heart Disease (CHD) in this area too and it has
been shown that the Iranian population with diabetes
has a high risk for Cardiovascular Disease (CVD),
independent of traditional risk factors.!'?) Decrease
of High density lipoprotein cholesterol (HDL-c) and
hypertriglyceridemia/hyperapo B was the dominant
atherogenic dyslipoproteinemia in the diabetic
patients, with a slight decrease to slight increase in

Low density lipoprotein cholesterol (LDL-c),** and

is characterized by higher LDL particle numbers with
predominantly small, dense LDL due to increased
secretion of apo B lipoprotein particles by the liver.>®
ApoB and apoA-I were better than LDL-C and HDL-
¢, respectively, in predicting cardiovascular risk in
T2D."10

Also, increased concentration of lipoprotein(a) [Lp(a)]
have been associated with higher risk of CVD in
diabetic patients.!'"!?l Paraoxonase-1 (PON-1) is an HDL-
associated enzyme and has been implicated in many anti-
atherogenic processes, such as inhibiting LDL and HDL
from oxidation and reducing macrophage cholesterol
biosynthesis, attenuating cholesterol and oxidized lipid
influx, and stimulating macrophage cholesterol efflux.
3151 PON-1 is dysfunctional due to glycation, reducing
its ability to retard LDL and cell membrane oxidation
and contributing to the inflammation typical of diabetes,
leading to the excess atherosclerosis common in this

disease.l11
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Cranberry has the greatest antioxidant content (flavonoids,
phenolic acid, and the most notably the high molecular
weight proanthocyanidins) of any fruit by fresh weight.*
2l Two cities in Iran, Qazvin and Rodbar, have the highest
production of cranberry in Iran predominantly in summer
but cranberry juice (CJ) is more available in all seasons.*!

Phytochemicals in cranberries could inhibit LDL oxidation
and platelet aggregation, induce expression of LDL
receptor, and reduce blood pressure.??1To the best of our
knowledge, the effects of cranberry on apoproteins, Lp(a),
and PON-1 in type 2 diabetic subjects taking oral glucose-
lowering drugs have not been reported. So, the aim of this
study was the effects of CJ consumption on serum glucose,
apoB, apoA-I, PON-1, and Lp(a) in type 2 diabetic male
patients.

METHODS

Study design and Participants

A double-blind randomized clinical trial of parallel design
was used. During a 2-week baseline period, participants
continued their usual diet without any cranberry (Run-in
period), then they were randomly divided to consume 1 cup
(240 ml) CJ group or placebo drink (natural mineral water
with strawberry flavor —Tazehnoush Company, Shiraz,
Iran) (control group) for 12 weeks. Sixty nonsmoking T2D
male patients were recruited from the Endocrine Research
Center of Tehran University of Medical sciences (TUMS),
Tehran, Iran, from January 2009 to September 2010. Patients
were informed of their rights as volunteers in this study and
signed approved consent forms. The procedures followed
in this study were maintained in accordance with the
Helsinki Declaration and the study was approved by the
institutional review board of TUMS. This study registered
in Iranian Registry of Clinical Trials (IRCT) and the IRCT
ID is IRCT201111272709N23. Patients received no monetary
incentive. Patients had been diagnosed with diabetes
(fasting blood glucose =126 mg/dl or 2-hour postprandial
glucose >200 mg/d1 within the previous 5 years.!"”!

Inclusion criteria were Body Mass Index (BMI) <30 kg/m?,
HbAlc <9%, serum triglyceride <400 mg/dl, and serum total
cholesterol <240 mg/dl. Patients were included if they were
taking oral hypoglycemic agents but not insulin. Patients
were excluded if they had a recent (within previous 3 months)
or past history of symptomatic heart disease, myocardial
infarction, angina pectoris or stroke, surgery, liver, renal
(plasma creatinine >1.62 mg/dl), or thyroid disease; use of
steroids or drugs with unknown components, change in the
use of medication for diabetes, hypertension, dyslipidemia
or anti-platelet in the previous 2 months, pregnancy, or
breastfeeding.
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All patients were asked to maintain their usual diet and
physical activity level and not to alter their lifestyle during
the intervention.

The patients were followed up by telephone each week;
patients who had no phone were instructed to return to the
clinic every other week. Dietary intake was monitored by the
same dietitian throughout the study and participants were
asked to complete a 24-hour dietary recall questionnaire
at the beginning, 6™ and 12" weeks. Physical activity
was measured by an International Physical Activity
Questionnaire whose validity and reliability was examined
in 12 countries,® at baseline and at the end of the 12 weeks
intervention.

Data collection and measurement

Subjects were required to provide venous blood samples
after fasting overnight for 12 to 14 hours on day 0 and at
the end of the intervention (12" week). All samples were
collected while the subjects rested in a supine position for
10 minutes. Serum glucose was measured with a Cobas
MIRA analyzer (Roche Diagnostic, Basel, Switzerland) by
enzymatic method (Pars Azmon Co., Tehran, Iran). ApoB,
apoA-I, and Lp(a) were measured by immunoturbidimetry
(Pars Azmon Co., Tehran, Iran) with a Cobas MIRA analyzer
with calibration traceable to the International Federation
of Clinical Chemistry Primary Standards. ®’PON-1 activity
was measured by colorimetric method.?” The intra-assay
coefficients of variation for these assays (n = 10) were
1.1%, 1.2%, 1.2%, 1.4%, and 1.3% for PON-1, apoB, apoA-I,
glucose, and Lp(a), respectively, and the inter-assay
coefficient of variation (n=10) were 1.3%, 1.4%, 1.4%, 1.5%,
and 1.4%, respectively.

Statistical analysis

All data were expressed as the mean + standard deviation.
The level of significance was chosen as P<0.05. Statistical
analyses were performed with SPSS version 16.0. The
normal distribution of the variables was checked by the
Kolmogorov-Smirnov test. In order to test whether the
differences between the mean values of the items studied
in both groups were significant, the student’s t-test was
used. Differences in the same diabetic patients, before and
after 12 weeks of intervention, were evaluated by paired
t-test. Diet records were analyzed using Food Processor
II software. Repeated measurement ANOVA was used
for comparison of means in different intervals of 24-hour
dietary recall questionnaire.

RESULTS
Fifty-eight of 60 randomly selected T2D male patients (age:

54.8 + 9.1, BMI: 28.8 + 3.6) completed the study (2 ones
could not adhere to the group meeting schedule and were
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not included in analyses). Baseline characteristics of the
T2D patients confirmed that they were well matched for
the inclusion criteria [Table 1]. There were no significant
difference in BMI, waist circumference, and physical activity
after the intervention compared with baseline values.
There were no significant differences (the time x treatment
interactions effect were not significant) in total energy and
nutrients intake at beginning, 6 and 12 weeks [Table 2].

At the end of study in CJ group, there was a significant
decrease in serum glucose and apo B either compared with
initial values (P<0.01 and P<0.05, respectively) or comparing
with control group (P<0.05 and P<0.05, respectively)
[Table 3]. At the end of study in CJ group, there was

Table |: Baseline characteristics of the participants

Variable Control  Cranberry juice P value
(n=29) (n=29)

Weight (kg)’ 731 +£9.2 74.8 + 12.3 NS

BMI (kg/m2) 284 + 24 291 +28 NS

Waist circumference (cm)* 98.3 £8.2 98.8+8.3 NS

*: Student’s t-test was used whether the differences between the mean values of the
items were significant; NS: Not significant

significant increase in PON-1 activity and apoA-I
either compared with initial values (P<0.01 and P<0.01,
respectively) or comparing with control group (P<0.0001
and P<0.05, respectively) [Table 3]. There was no significant
change in Lp(a) at the end of study compared with initial
values and also compared with control group [Table 3].

DISCUSSION

The results of this double-blind randomized clinical trial
demonstrate that intake of 1 cup CJ for 12 weeks leads
to significant increase in apoA-I and PON-1 activity
and significant decrease in serum glucose and apo B in
T2D patients. It seems that diet full of antioxidant and
phytochemical (e.g.,, DASH diets) have beneficial effects
on c-reactive protein, hepatic function tests,*! increasing
insulin sensitivity®! and HDL-c, decreasing serum
glucose and LDL-c,®Y and finally is inversely associated
with incidence of T2D.B" Our finding about significant
decrease in serum glucose in CJ group was consistent with
Wilson et al.’s reports.>*! One plausible explanation for
this observation may be a delay in the gastric uptake of

Table 2: Daily total energy and dietary intakes at baseline, 6", and 12" weeks of study

Nutrient Group Baseline 6" week 12" week P value timextreatment
interaction
Energy (kcal/d) Cranberry juice (n = 1930.5 + 473.2 1920.2 + 450.2 1925 + 4615 NS
29) Control (n = 29) 1955.3 + 509.1 1869.5 + 510.4 1890.2 + 512.1
Protein (g/d) Cranberry juice (n = 81.3 + 25.8 80.4 + 26.3 812 + 251 NS
29) Control (n = 29) 82.3 +245 791 + 216 80.5 + 235
Carbohydrate (g/d) Cranberry juice (n = 2601 * 85.4 2494 £ 771 2531 + 791 NS
29) Control (n = 29) 255 + 73.9 261.5 + 78.2 2575 + 751
Fat (g/d) Cranberry juice (n = 63.7 £ 251 691 £ 211 651 + 22.3 NS
29) Control (n = 29) 65 + 26.7 59.8 + 25.3 61.7 £ 26.1
Fiber (g) Cranberry juice (n = 11.7 £ 5.9 125+52 122+51 NS
29) Control (n=29) 128 £54 131 +6.1 129 £59
Vitamin C (mg/d) Cranberry juice 82.7 £+ 71 89.7 £ 7 851 +38 NS
(n=29) 90.3 £ 81 912 + 8.9 88.5 £ 79
Vitamin E (mg/d) Cranberry juice (n = 481 +£8.7 45.2+8.6 411+81 NS
29) Control (n = 29) 39.7+54 36.3+£6.1 36.5+5

Table 3: Serum glucose, apoB, apoA-I, Lp(a), and PON-1 activity at baseline and after the intervention

Variable Group Time
Baseline After- intervention
(22" week)
Glucose (mg/dl) Control (n = 29) 136.5 + 9.2 1381 + 251
Cranberry juice (n = 139.4 + 9.3 119.8 + 15178
apoB (mg/d1) Control (n = 29) 1013 + 26 103.7 £ 26.2
Cranberry juice (n = 99.7 £ 7.6 85.7 + 21.3¢P
ApoA-I (mg/d1) Control (n = 29) 1144 £ 21 1101 + 17.3
Cranberry juice (n = 1123 + 4.2 1211 + 19.75F
Lp(a) (mg/dl) Control (n = 29) 34.4 + 29.8 261 + 274
Cranberry juice (n = 324 + 294 26.5 £ 281
PON-1 activity (nmol/min/m1) Control (n = 29) 166.5 + 61.5 171.3 £ 61.7
Cranberry juice (n = 179.4 £ 825 240.3 £ 83.761

A: P<0.01 (Paired t-test), within group difference; : P<0.05 (Student's t-test), between group difference; ¢: P<0.01 (Paired t-test), within group difference; °: P<0.05 (Student’s t-test),
between group difference; &: P<0.01 (Paired t- test) ,within group difference; F: P<0.05 (Student’s t-test), between group difference; ¢: P<0.01 (Paired t- test), within group difference;
H: P<0.01 (Student’s t-test), between group difference
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glucose or distribution of glucose to insulin-sensitive tissues
following CJ consumption.[* The ingredients in CJ block
and even overcome the oxidative stress most probably by
an indirect effect of decreasing postprandial glucose and
triglyceride which are responsible for inducing oxidative
stress as well as a direct in vivo antioxidant mechanism.®
CJ is better source of quality antioxidants compared with
cranberry fruit and also have more lipoprotein-bound
antioxidant activity compared with cranberry fruit.* The
quality of antioxidants in a food or beverage is the result of
the chemical composition and is independent of the quantity
of antioxidant present.® CJ antioxidants have the ability
to bind to lower density lipoproteins and to protect them
from oxidation, increase in plasma antioxidant capacity,
and increase in HDL-c. This is one mechanism by which
CJ can protect against heart disease.””?! CJ is known to be
a rich source of quercetin and myricetin glycosides, as well
as larger proanthocyanidin polymers'***!and also contain
acetylsalicylic acid that possess anti-inflammatory activity.]
Quercetin has been demonstrated to inhibit gastric uptake of
glucose in the porcine model. Quercetin and myricetin has
also been demonstrated to inhibit GLUT4-mediated glucose
uptake by rat adipocytes,®#! inhibit aldose reductase,?®
a-amylase,®! and a-glucosidase activity in vitro.*® On the
other hand, two studies reported inconsistent results with
our study but these two studies used CJ concentrate powder
capsules equivalent to 240 ml CJ and the possibility that the
heat processing necessary to convert the CJ to a powder had
altered its bioactivity was raised by authors as a possible
explanation for their result.l0%!

Because of significant decrease of serum glucose due to CJ,
the possible necessity of changing drug regimen must be
considered in future studies if diabetic patients had been
advised to consume CJ. Future studies may wish to examine
the effect that CJ has on the absorption and distribution
kinetics of glucose in this regard.

The significant decrease in apoB and significant increase in
apoA-Iin our study was a favorite result for decreasing the
CVD risk. However, the effects of CJ on serum lipoprotein
has been examined but on apoproteins have not been
reported. Phytochemicals in cranberries could inhibit LDL
oxidation and induce expression LDL receptors,*!increase
in cholesterol uptake by hepatocyte,* increase binding and
excretion of bile acids.?”

Other studies found a strong relationship between the
elevation of plasma HDL-C and apoA-], the change in plasma
apoA-I concentration explaining almost half (approximately

48%) of the variation in HDL-c concentration during the course
of the intervention. This relationship could either reflect a
decrease in the clearance of HDL particles and/or an increase
in the synthesis of apoA-I during the course of the intervention.
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Although studies are needed to further investigate these
mechanisms, the latter explanation could be the result of
an increased production of apoA-I, an effect that could be
similar to the one reported following the consumption of
food rich in polyphenolic compounds, as are cranberry.?4

Although oxidized apoA-I was not measured in the present
study, a possible reduction in apoA-I oxidation following
CJ consumption could also have contributed to increase in
serum apoA-I concentration.?”*!l Furthermore, a possible
indirect effect of cranberry antioxidants on the activity of
the adenosine triphosphate-binding cassette transporter
A-I and scavenger receptor class B type 1 expression in
macrophages cannot be excluded.”*? However, increasing
LDL-c and decreasing HDL-C are well-established risk
factors for CVD,®41 but apoA-I and apoB are stronger
predictors for CVD.¥! Decrease of apoB in this study means
that small, dense LDL were significantly less than control
group and CVD risk is lower in T2D patients consuming CJ.
We did not see significant change in serum Lp(a). To date,
we are unaware of any study demonstrating the impact of
cranberry or other natural source of antioxidant on serum
Lp(a) in T2D. Optimization of glycemic control does not
affect serum Lp(a) levels in patients with T2D,"!2 which
was concordant with our study.

Significant increase in serum PON-1 activity in CJ group
compared with control group could be a favorite and
beneficial effect on reducing of CVD complication in T2D
patients. Connelly et al. reported that in T2D patients,
serum PON-1 is decreased and was inversely associated
with glucose concentration which was concordant with
results of our study. Furthermore, increased serum PON1
activity in our study could reduce the inflammation and
oxidative stress associated with atherosclerosis, inhibit
the oxidation of LDL (and cell membrane), reducing
macrophage cholesterol efflux biosynthesis, negatively
associated with HDL peroxide and positively associated
with HDL antioxidative ability.">"! All these appear to
be important in the inflammatory response in artery
that prevents atherogenesis. PON-1 reduces monocyte
adhesion to endothelial cells and macrophage chemotaxis
attributable to oxidized phospholipids.l*'™ PON-1 also
appears to have a phospholipase A2 activity, resulting in
the release of lysophosphatidylcholine from macrophages
which produces a dose-dependent decrease in cholesterol
biosynthesis in macrophages.'>*4 This may be beneficial
effect in reducing the risk of CVD in diabetic patients in CJ
group. Finally, we conclude PON-1 and apoA-I increasing
concomitant with apoB and glucose decreasing effect due
to 1 cup CJ consumption for 12 weeks, which reinforces the
notion that health benefits can be derived from consuming
CJ as an antioxidant-rich (e.g., flavonoid) food in type 2
diabetic patients.
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