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The aim of this study is to demonstrate the effect of consumption of certain vegetables
soup as a source of antioxidant with a low caloric balanced regimen to reduce weight, on
the defined inflammation and imnune biomarkers. Thirty obese Egyptian women shared
in this study which lasted for four weeks. They divided in two groups, group 1 had a mean
age 40.26+2.01 years and body mass index (BMT) 35.13+1.06, they followed a low
caloric balanced regimen (900-1000 kcal) accompanied with the designed vegetables soup.
This soup composed of 30 g different dried vegetables chosen and added to each others
according to their antioxidant and palatability contents, to be consumed half hour before
lunch and dinner after boiling in water. Group 2 (control) had mean age 41.0+3.85 years
and BMI 39.22+1 .42, they followed the same hypocaloric balanced regimen only. Relevant
anthropometric measurements were taken include weight, height and abdominal T
circumference (mimmal waist), BMI was calculated. Haemoglobin, blood sugar, total
cholesterol (TC), triglyceride, serum zing {Zn), copper (Cu) and magnesium (Mg) were
determined. The serum leptin and interleukin-6{IL-6) as proinflammatory and
inflammatory biomarkers were estimated beside the immunoglobulins IgA, TgG and IgM
to represent a sort of immunity status. All parameters were done before and after 2 and 4
weeks of the intervention. At the end of the study the body weight, BMI and abdominal
I circumference significantly decreased, the decrease in the abdominal I circumference was
higher among group 1. Slight insignificant variation were observed in the levels of both
haemoglobin and blood sugar. Serum TC was decreased significantly in both groups while
serum triglyceride decreased only among group 1. The serum mineral Zn, Cu and Mg
showed a sort of variation but all the figures were within the normal ranges. Significant
decrease was observed in the serum leptin among the two groups, while insignificant
decrease in the mean levels of serum IL-6 was detected among group I only. The three
immunoglobulins IgA, IgG and IgM were improved significantly, IgA was significantly
correlated with both IgG and IgM, these results were quite apparent in group 1. In
conclusion obesity corresponds to a subclinical inflammatory condition with increase level
of IL-6 and leptin, accompanied by immunity modulation. The uses of vegetables soup rich
in the phenolic compounds as supplement, with the low caloric balanced regimen to reduce
weight, proved to improve these effects.
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INTRODUCTION

Epidemiologic evidence of this rising tide of obesity
and associated pathologies has led in the last decade to
a dramatic increase of research on the role of adipose
tissue as an active participant in controlling the body
physiologic and pathologic processes. The current view
of adipose tissue 1s that of an active secretory organ
sending out and responding to signals that modulate
appetite, energy expenditure, sensitivity,
endocrine and reproductive systems, bone metabolism
and mflammation and immumnity (Fantuzzi, 2005). In this
context obesity particularly visceral adiposity is
associated with chronic low grade inflammation as
indicated by increase level of mflammatory markers, the
mflammatory cytokine mterleukin-6 (IL-6) and the tumor
necrosis factor ¢ (TNF «) are expressed in human adipose
tissue (Eckel et al, 2002; Mohamed et al, 1997).
Inflammation 1s a source of oxidative stress, increase
production of reactive oxygen species may also enhance
the inflammatory response by activating redox-sensitive
nuclear transcription factors. These transcription factors
are essential for inducible immune and mflammatory
responses, including cytokines cell adhesion molecules
and inducible NO synthase (Lavrovsky et al., 2000).

Adipokines are proteins produced mainly by
adipocytes. Although adipose tissue secretes a variety of
factors only leptin and adiponectin (and possibly resistin,
adipsin and visfatin) are primary produced by adipocytes
and can therefore be properly classified as adipokines
(Fantuzzi, 2005). In addition to acting as a regulator of
food intake and energy expenditure (Alima and Flier,
2000), there is a growing evidence to suggest that leptin
1s a modulator of immune and proinflammatory responses
(Fantuzz and Faggioni, 2000; Faggoni et al., 2001). Leptin
15 an adipocyte-derived hormone/cytokine that links
nutritional status with newoendocrine and immune
functions (8). Following the cloning of genes such as
leptin (Ob), leptin receptor (ObR), pro-opiomelanocortin
(POMC) and melanocorten-4 receptor (MC4-R), 1t has
been found that certain genetic alteration (ie mutation),
loss of function among others can cause obesity and also
significantly affect immune responses (La Cava and
Matarese, 2004). So 1t 18 now widely accepted that obesity
(and also associated metabolic conditions) can have a
huge impact on immune responses and therefore on the
development of several pathologic conditions (Matarese
and La Cuva, 2005). It has been reported that changes
produced during obesity effect both humoral and cellular
immunity (Munoz et al., 2004). The impaired immunity may
account for higher susceptibility to mnfection and certain
types of cancers among obese (Tanaka et al., 1998).

msulin

So if obesity is a condition of increase oxidative
stress that accompamied by a low rate of chronic
mflammation and alteration of immmumity, obese mdividual
may benefit from antioxidant supplementation used in
combination with different regimens to reduce weight.
The aim of this study is to demonstrate the effect of using
dried vegetables soup as a source of antioxidant with a
balanced low caloric regimen to reduce body weight and
to demonstrate its effect on certain inflammatory and
immune biomarkers among obese Egyptian women.

MATERIALS AND METHODS

Thirty obese Egyptian women aged 30-50 years were
recruited from the National Research Centre as a
volunteers. All subjects had a stable weight and were
healthy according to medical lustory, clinical examination
and routine laboratory finding. The women were divided
to two groups; group 1 with mean BMI 35.13+1.06 was
instructed to follow a low caloric balanced diet (1000 kcal)
plus the vegetables mixture, while the second group
(control) with mean BMT 39.22+1.42 followed only the low
caloric balanced regimen. The study last for 4 weeks in
which the patients were followed up every 2 weeks to
estimate the effect of the vegetables on the body weight
and the biochemical parameters, compared to the control
group that was comsuming the same food items of the
hypocaloric diet. In the global strategy on diet, physical
activity and health development by WHO, the mcrease of
fruit and vegetable consumption 1s
recommendation (Anonymous, 2004).

one of the

Anthropometric measurements: Weight and height were
recorded according to standard methods (Jelliffe, 1966).
Abdominal circumference minimal waist was measured
using flexible light metal tape. BMI were calculated
according to: weight (in kg)/height’ (in meter). The values
were recorded before starting and at the mid and the end
of the study.

Blood sampling and biochemical analysis: Blood samples
were obtamed from the women before starting the regimen
(base) and after two weeks (mid) and at the end of the
study (final). The sample was taken in the moming after
12 h fasting. Blood glucose was determined in fresh
samples using oxide peroxide methods (Asatoor and
King, 1980). Haemoglobin level was measured using
cyanomethaemoglobin method (Van Kampen and 7Zijlstra,
1961). Blood was centrifuged and serum then was stored
at -20°C until needed for further analysis. Serum total
cholesterol and triglyceride were done using, respectively
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cholesterol procedure NO. 1010, triglycerides procedure
No. 2100, Stanbio and Liquicolor Kit, Texas (Stein, 1986;
Wahlefeld, 1974). Serum minerals including zine, copper
were determined using SENTINEL, CH Kit (determination
of zine, copper in serum without deproteinization,
Cat.17.1255 and Cat 17.108, Germany ) (Homsher and Zalc,
1985; Abe et al., 1989). The diagnostics ELITECH Kit, Cat
No MAGN-0600 was used for serum Mg determination,
Spain (Elin, 1987). Serum leptin was done by using the
DSL-10.23100, human leptin enzyme-linked
imnmunosorbent (ELISA) Kit, Webster, Texas 77598-4217
USA  (Gullaume and Bjomtorp, 1996). An
immunoenzymometric  assay for the quantitative
measurement of human interleukin-6 (IL.-6) in serum was
done using Biosource IL-6 EASIA Kit Belgium
(Maxey et al., 1992). Inmunoglobulin determination (Tg(G,
TgA, TgM) was carried out using BINDARID Kit Q RK002,
Brimingham, B 29 6AT UK (Macini et al., 1965).

Materials: A natural vegetables mixture was prepared
from different kinds of fresh vegetables. They were dried
at low temperature (40°C) with circulating air and added to
each other in certain amount taking in consideration their
known entioxidant contents. Seven packages each
containing 30 g from the dried vegetables mixture were
given to every woman weekly to be prepared using
boiling water to be eaten as a soup ' h before lunch and
dinner.

Chemical analysis: Chemical analysis of the dried
vegetables mixture (Table 1) were undertaken for
macronutrients mcluding protein, fat and carbohydrate
using the AOAC methods, 1990. The micronutrients
including both vitaming and minerals were determined
by usmg Liqud Chromatography (Chase et al, 1993;
Simpson et al, 1985; Desia and Machlin, 1985) and

Table 1: Chemical analysis of the macro-and micronutrients of the dried
dietary vegetables mixture used in the soup (100 g)

atomic absorption apparatus (Hussein and Bruggeman,
1997), respectively. Polyphenols determination was done
using Colorimetric method (Singleton and Rossi, 1965).

Statistical analysis: Statistical significance was set at the
p<0.05 and less and values are expressed as meantSEM.
Dependent t tests were calculated comparing all measured
variables and pearson product moment correlations were
used to test the relation between variables using SPSS
programme, version 7.5.

RESULTS

Table 1 showed the chemical analysis of the dried
vegetables mixture per 100 g dried weight include protein,
fat and carbohydrate. The Table 1 showed the high
content of the minerals and vitamins in the dried mixture
and the total phenolic compound was quantitated.

The head of the cabbage, lettuce, radish and the beet
root were added to reach 40% of the total amount. Other
vegetables 60% were added depending on their
antioxidant activity and the palatability of the mixture
(Table 2).

High signmificant decrease was reported in all the
anthropometric measurements at p<0.05 in both groups.
The mean haemoglobin level of both groups showed
slight variation at the three visits, women of group 1 were
slightly anaemic. Glucose levels were at the normal range.
TC levels decreased in both groups, significant difference
was reported between the base and the mid visit at p<<0.05
m group 1, while significant differences were detected
between the different levels at the different visits in
group 1. Serum triglyceride decrease in both groups but
the decrease was insignificant (Table 3).

The mean concentration of serum Zn, Mg of the first
groups mereased by 10.74 and 12.02% at the mid and the
end of the study, respectively, while the Cu concentration
remam constant with slight varations. In group 1 the

mean concentrations of the serum three minerals

Nulrients Values increased. After intervention the mean level of leptin
Water (/100 g) 12.24 L .

Total protein (/100 g) 1208 decreased significantly in group 1 (p<0.05) and between
Fat (/100 g) 2.22 both the mid and the final visits in group 2 at p<<0.05-
Ash (g/100 g) 7.80 0.01 . The mean serum concentration of the IT.-6 in group T
Carbohydrate (g/100 g) 55.23

{-Carotene (ug) 9945.01 ) ) ) )

Vitamin E (mg) 6.64 Table 2: Percent portion of the different vegetables in the mixture

Vitamin B; (ug/100 g) 0.40 Vegetables Percent
Niacin (pg/100 g) 20.73 Cabbage head 10
Calcium (mg/100 g) 326.25 Radish head 10
Magnesium (mg/100 g) 225.91 Lettuce head 10

Iron (mg/100 g) 25.10 Beet root 10

Zinc (mg/100 g) 333 Sweef pepper 20
Potassium (mg/100 g) 2721.17 Onion 15
Sodium (mg/100 g) 351.92 Tomato 15

Total phenolic (mg of gallic acid g~! dry wt.) 10.76 Parsley 10
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Table 3: Mean+SEM of age, anthropometric measurements and biochemical parameters of obese women before, during and after intervention

Parameters Base Mid Final First percent change Final percent change
Group 1 (n =22)

Age (year) 40.26+2.01

Height. (cm) 156.36+1.02

Weight (kg) 85.58+2.29 83.2742.19%* 81.9042.15 Tt -2.69 -4.30
BMI (kgm™) 35.13£1.06 34.19+1.05%* 33.64+1.03 T4 -2.68 -4.24
Waist cir. (cm) 92.35+1.89 88.3241.51%* 86,7241 48 Th -4.36 -6.09
Haemoglobin (g dL™Y) 12.78+0.34 12.7240.29 12.58+0.31 -0.47 -1.56
Blood sugar {mg 100 mL™") 90.82+2.51 88.55+1.99 91.46+1.86 -2.49 +0.70
Cholesterol (mg dL™) 217.5749.45 200.59+8.89%* 209.0449.12 -7.80 -3.92
Trigly ceride (mg dL™") 100.62+10.08 101.02+13.06 84.04+7.93 +0.39 -16.48
Group 2 (control) (n = 8)

Age (year) 41.00+3.85

Height (crm) 152.804+1.02

Weight (kg) 91.56+3.42 89.4443 16%* 87.2543.22 T -2.32 -4.71
BMI (kgm™?) 39.22+1.42 38.32+].35%+ 37.39+]1.30 ThiF -2.29 -4.67
Waist cir. (cm) 93.88+1.91 01.054£2.34%# 80,8842 35 111 -3.01 -4.26
Haemoglobin (g dL™Y) 11.38+0.20 11.83+0.26 11.88+0.22 +3.95 +4.39
Blood sugar (mg 100 mL™") 83.00+£2.40 84.75+5.02 91.70+£2.65 +2.11 +10.48
Cholesterol (mg dL™!) 198.53+15.43 177.13+17.48* 179.15+18.26' -10.78 -9.76
Trigly ceride {mg dL.~!) 90.56+18.94 102.28+13.57 92.60+14.95 +12.95 +2.25

* **: Qionificantly different between base and mid *: p<0.05, *#: p<0.01. 1 Significantly different between base and final T: p<.0.05, '': p<0.01. Significantly

different between mid and final *: p<0.05, ¥: p<0.01

Table 4: Mean+SEM of minerals, leptin, interleukin-6 and immunoglobulins of obese women before, during and after intervention

Minerals concentrations BRase Mid Final First percent change  Final percent change
Group 1 (n = 22)

Zine (pug dL ™) 87.11+6.19 89.5345.87 96.4745.31 +2.78 +10.74
Copper (ug dL.™) 126.26+8.15 125.66+7.70 121.2947.34 -0.48 -3.94
Magnesium (mg dL™") 2.33+0.05 2.44+0.10 2.61+0.15 +4.72 +12.02
Leptin (ng mL™") 93.19+9.35 79.254+11.03 74.07+£9.997 -14.96 -20.52
Interleukin-6 {pg mL.™!) 15.90+1.56 13.53+1.12 13.06+1.33 -14.90 -17.86
IgA (mg L") 2313.95+222.34 2548.10+£187.68 3144.124330.27 101 +10.12 +35.88
1gG (mg L.™Y) 9549.05+916.56 10929.52+6935.45%  12250.59+892.407 +14.46 +28.29
IgM (mg L") 1316.38+126.52 1507.48+96.70%* 1687.18+122.77 111 +14.52 +28.17
Group 2 (control) (n = 8)

Zine {pg dL.™") 84.37+7.13 98.94:£0,20+ 108.25+5.51 1 +17.27 +28.30
Copper (ug dL™") 123.89+£13.09 152.39+7.98 125.68+3.24 1 +23.00 +1.44
Magnesium (mg dL™!) 2.36+0.03 2.32+0.12 2.62+0.03 11 -1.69 +11.02
Leptin (ngmL™") 104.81+7.33 92,3440, 65%% 88.81+10.51 114 -11.89 -15.27
Interleukin-6 {pg mL.™!) 17.90+2.83 17.93+0.97 19.98+3.99 +0.17 +11.62
TeA (mg L") 1900.00=144.13 2018.13+58.20 2308.75+53.99 TTH +6.22 +21.51
TeG (mg 1.7 7809.50+591.40 8626.87+349.94 9928.50+69.77 TH +10.47 +27.13
IgM (mg L") 1224.13+58.86 1366.50+4.29% 1455.00£10.31 04 +11.63 +18.86

Significantly different between base and mid *: p<0.03, **: p<0.01. Significantly different between base and final T: p<0.05, T p<0.01. Significantly different

between mid and final *: p<0.05, ™: p<0.01

Table 5: Correlation coefficient between obesity indices and both serum leptin and IL-6 levels among obese wornen at the different periods of intervention

Group 1 n=22 Group2n=8
Anthropometric Leptin IL-6 Leptin IL-6
and
biochemnistry Base Mid Final Base Mid Final Base Mid Final Base Mid Final
Weight 0.570%%  (.645%* 0.674** NS NS NS 0.876%*  (.879% 0.951*%* NS NS NS
BMI 0.505% 0.657H 0.634%%  0.531% N§ NS 0.932%%%  (.0932% 0.971%% 0971 NS NS

#:p<0.05, #¥: p<0.01

decreased by -14.96 and -17.86% m the mid and final visit,
respectively, while no change and 11.62% imncrease was
detected among women of group 1 at the same visits. The
mean serum concentration of the three mmunoglobulins
IgA, LgG and IgM mcreased
intervention (Table 4).

Table 5 showed significant positive correlation
(p<0.03-0.01) between serum leptin levels and both body

sigmficantly after

welght and BMI in both groups, while IL-6 showed
significant positive correlation (p<0.05-0.01) with BMI
only at the start of the study.

Table 6 showed significant positive correlation at
p<0.01 between IgA and both IgG and IgM 1in the all visits
among group I, while significant correlation was detected
between IgA and TgG at the first visit and TgM at the final
visit in group 2 (Table 6).

1271



J. Med. Sci., 7 (8): 1268-1275, 2007

Table 6: Correlation coefficient between the different serum immunoglobuling among the obese women at the different periods of intervention

IgA

Group 1 (n =22) Group 2 (n =8)
Immunoglobuling Base Mid Final Base Mid Final
1gG 1.000%+ 0.861 ** 0.872%# 1.000%# NS NS
IgM 1.000%* 0.864 ** 0.872%* N8 NS 0.983#+

#:p<0.05, #¥: p<0.01

Table 7: The percent distribution of the obese women (group 1) according to immunoglobulin levels before, during and after intervention

Deficient Normal Higher Total Standard
range

Visits No % No % No % No % (as the kit) (mg L™
IgA
Base - - 3 14.29 18 85.71 21 100 490-2910
Mid - - 4 19.05 17 80.95 21 100
Final - - 6 35.29 11 58.82 17 100
IgG
Base 6 28.57 3 14.29 12 57.14 21 100 6290-12650
Mid 3 14.29 4 19.05 14 66.67 21 100
Final 1 5.88 6 35.29 10 58.82 17 100
IgM
Base - - 3 14.29 18 85.71 21 100 350-1800
Mid - - 4 19.05 17 80.95 21 100
Final - - 7 41.18 10 64.71 17 100

28.57% of the women were complain of IgG deficiency
at the start of the study. The percent decrease reached
1429 and 5.88% after dieting and supplementation.
No such observation could be found among group 2

(Table 7).
DISCUSSION

Data from this study indicate that obesity is related
to the high levels of the adipokine hormone leptin and the
cytokine IL-6, while the serum concentration of the
mmmunoglobulins IgA, IgG, IgM were at their low normal
levels. Tt has been stated that obesity is associated with
a chronic inflammatory response characterized by
abnormal cytokine production, increase acute phase
reactants and activation of mflammatory signaling
pathways (Wellen and Hotamiligil, 2003). Critical
questions include the mechanisms by which the
inflammatory response is triggered and maintained in
obesity. Previous studies illustrate that macrophage
mfiltration into adipose tissue could be integral to their
inflammatory change (Xu et al., 2003, Weisberg et al.,
2003). The stimulus for macrophages infiltration of
adipose tissue may attributed to meny causes, one of
them, when adipocytes begin to secrete low level of tumor
necrosis  factor-c(TNF-¢z)  which can  stimulate
preadipocytes to produce monocyte chemoattractant
protem-1{MCP-1) which could be responsible for
attracting macrophages to adipose tissue (Xu et al,
2003).  Also the increased secretion of leptin
hormone by adipocytes may be also the second

cause contribute to macrophage accumulation by
stimulating transport of macrophages to adipose tissue
(Sierra-Honigmann et al., 1998).

After dieting most of the anthropometric parameters
and the levels of the serum lipids among our obese
women decreased significantly in both groups. The serum
minerals concentration and the haemoglobin level either
mcrease or decrease but all were within the normal ranges
m both groups, this may pomted to the nutritional
adequacy of the hypocaloric diet they were advised to
follow, beside the vegetables soup consumed by group .

The results of this study demonstrated that all the
obese women were complained from hyperleptinaemia
which showed significant correlation with body weight
and BMI. Weight loss reduced the circulating leptin
levels significantly, which concomitantly lower the serum
level of the mflammatory marker IL-6 in group I by -14.90
and -17.86% in the mid and last periods of intervention.
As mention before it has been hypothesized that elevated
leptin levels underline the low grade proinflammatory
state associated with human obesity (Loffreda et of.,
1998). However the role of leptin on the T.-6 concentration
was not quite clear in the obese women of the second
group. It 1s interesting to mention here that the percent
decrease in the waist circumference was less among the
subjects of the second group, this may attributed to the
persistant high level of the T1.-6. Tt has been reported that
obesity particular visceral adiposity is associated with
chronic low-grade nflammation, as indicated by increased
levels of the inflammatory marker C-reactive protein and
TL-6 (Fantuzzi, 2005). Tn addition this group deprived the
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beneficial antioxidant and anti-inflammatory effect of the
vegetables soup consumed by the first group. It has been
reported that increased consumption of the fruits and
vegetables containing high levels of phytochemicals has
been recommended to prevent chronic diseases related to
oxidative stress in human body (Liorach et al, 2004).
Most of the antioxidant activity of the vegetables may
come from their phenolic and flavonoids contents
(Liw, 2003). Plant flavonoids show ant-inflammatory
activity in vitro and in vive (Kim et al., 2004). Recent
studies have also shown that certain flavonoids express
in part by modulating of proinflammatory gene expression
such ag cyclooxygenase 2 inducible nitric oxide synthase
and several pivotal cytokines (Kim et al.,, 2004).
Evidence from ir vitro and animal studies suggested
that leptin is also involved in regulation of humoral
mflammatory response through its direct effect on T cell
(Bouloumie et al, 1999) monocytes (Fantuzz and
Faggioni, 2000, Zarkesh-Esfahani et a., 2001 ), neutrophils
(Caldefie-chezet er al., 2001) and endothelial cells
(Bouloumie et al., 1999; Yamagishi et al., 2001 ). However
inspite of the high level of leptin in obese subjects, yet
serum levels of the immunoglobulins IgA, IgM and IgG
were within the low normal range, in addition 28.5% of the
obese women in group 1 were complained from IgG
deficiency. It 1s possible to hypothesize that elevated
leptin level in obese subjects can cause down modulation
and/or desensitization of leptin receptors. This effect is
perceived in the hypothalamus (centrally) and in the
prephary as a condition of leptin deficiency, thus causing
alteration of the immune response (Matarese and La Cuva,
2005). In this context clinical epidemiologic data indicate
that the incidence and severity of specific types of
infectious illnesses are higher in obese persons compared
with lean person (Stallone, 1994; Moulton et al., 1996,
Fasol et al., 1992; Weber et al., 1985). Data of this study
showed that after dieting and the decrease in body weight
and serum leptin and the improvement of its relative
resistance, the levels of the three immunoglobuling
improved significantly to reach their high normal range in
both obese groups, thereby the percent of cases who
were found to have TgG deficiency in the first group
decrease to 14.29% after dieting for two weeks and to
588% at the end of the study. All the three
immunoglobulin - antibodies showed good response
especially TgA and IgG in both groups, so they
significantly correlated positively with each other
especially among obese women in the first group.
Immunoglobuling have many classes, each has a
particular biological activity and acts primarily at different
sites in the body (Samartin and Chandra, 2001). Tt is
interested to say that the percent increase in the three
immunoglobulin was also higher among obese women
who were consumed vegetables soup compared to the

control group. This could attributed to the flavonoids
present in the vegetables as part of the polyphenols
content, flavonoids have several biological activities
including immunomodulating activities (Telpo et al., 2000).

Thus it can be considered that obesity corresponds
to a sub-clinical inflammatory condition with an increase
level of IL-6, leptin and in the same time ummune
variations. The uses of vegetables soup rich in the
phenolic compounds as a supplement with the low caloric
balanced diet in the obese subjects proved to improve
these effects.
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