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Abstract

Functional activities of mango peel extract (MPE) and mangiferin were inves-
tigated using hypercholesterolemic and diabetic rats. The liver functioning tests result-
ed that the aspartate aminotransferase levels suppressed 9. 16% and 16. 53% by MPE
and mangiferin, respectively, in the disease rats. The kidney functioning tests resulted
that abnormally high creatinine levels in diabetic rats were suppressed 6. 19% and 4.
12% by MPE and mangiferin, respectively. Hematological aspects were examined by
measuring the levels of red blood cell, hemoglobin, hematocrit and MCV. Mangiferin
exhibited the highest effect to the hemoglobin levels both in hypercholesterolemic rats
and diabetic rats. The white blood cell (WBC) aspects were examined by determining
the levels of WBC, neutrophils, monocytes and lymphocytes. MPE and mangiferin
reduced the levels of WBC in the disease rats, whereas the levels of other three indices
showed only slight WBC reduction. MPE and mangiferin improved the Na, K and Ca
balance in the disease rats. Mango peel containing mangiferin can be used for the de-
velopment of functional foods and beverages.
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The metabolism differs in normal and diseased states.
In normal conditions, the body and its different organs and their
systems, such as liver, renal, digestive system, circulatory sys-
tems and immune system, behave in normal fashion and the lev-
els of various secretions including enzymes, hormones, electro-
lytes, endogenous antioxidants remain in normal ranges!'’. Also,
hematological indices, such as total white blood cells (WBC),
neutrophiles, lymphocytes, monocytes, eosinophiles and baso-
philes were used to diagnosis the abnormality of health™. Also,
oxidative stress caused by reactive oxygen species (ROSs) has
been examined using the various secretions levels?!.

Human and animals are exposed to ROSs constantly

because they are generated by many different factors, includ-
ing poor dietary habits, lack of physical exercise and smoking
as well as environmental pollutants®. Consequently, the abnor-
malities and damages occurred in the living cells might lead to
various diseasesP!. In order to improve the overall defense sys-
tem against ROSs, ingestion of antioxidants, such as polyphe-
nols, has been recommended®. In fact, many researchers have
been investigating to find potent antioxidants in natural plants!”.
Among many natural antioxidants reported, mangiferin the ma-
jor component of mango peel extract—has been known to pos-
sess the potent protective effects against the diseases associated
with oxidative stress, such as diabetes and cancer®” (Figure 1).
The present authors also demonstrated the antioxidant activity of
mangiferinin a previous report!'%l,
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Figure 1: Structure of mangiferin.

There are many research reports on the beneficial ef-
fects of mango fruits''), in particular, antioxidant activity. Even
though the potent antioxidant activity of mango peel extract and
its major component, mangiferin has been reported in many ref-
erences!'?, there is virtually no report on the entire functional
profiles of mango peel extract and magniferin.

The present research focused on elucidating the health
endorsing perspectives of mangiferin against hyperglycemia
and hypercholesterolemia along with enhancing the glutathione
level in blood through the supplementation of functional drinks.
The results obtained are useful for nutritionists and dietetics for
designing an appropriate diet for patients suffering from meta-
bolic ailments Table 1.

Table 1: Diets and functional drinks plan.

Study I Study I1 Study I1I
Studies . R .
Normal rats | Hypercholesterolemic rat | Diabetic rats
Groups | 1 | 2 | 3 1 2 3 1 213
Drinks | T | T |T,| T, | T, T, T, | T, | T,

Materials and Methods

Animals

Total 100 male Sprague dawley rats (National Institute
of Health (NIH), Islamabad, Pakistan) at weaning stage were
used. The rats were placed in an air conditioned room at 23 +
2°C with 55 + 5% humidity and a light/dark (12 h/12 h) cycle
and acclimatized by feeding basal diet!'? for one week. For the
preliminary study, some rats were sacrificed to establish the
baseline trend. The experimental rats were divided into three
groups (30 rats each) and treated as follows:

Group I: Normal rat group (healthy rats, control group), the
control rats were fed with the normal diet comprised 10% corn
oil, 10% protein, 66% starch, 10% cellulose, 3% mineral and 1%
vitamin mixture.

Group II: Hypercholesterolemic rat group, the hypercholester-
olemic rats were prepared by feeding a normal diet containing 1.
5% cholesterol and 0. 5% cholic acid.

Group III: Diabetic rat group, the diabetic rats were induced by
a single intraperitoneal injection of a citrate buffer solution (pH
4. 5) of streptozotocin (STZ) @ 65 mg/kg. The normal diet was
fed during the experiment.

Studies on effects ofmangopeel extract and magniferin
against diabetic and hypercholesterolemicrats

Rats in each group were divided into three sub groups
(10 rats each; T, T, and T,) and each group was fed with differ-
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ent diet.

* The subgroup T, was fed with a normal diet alone (control).

* The subgroup T, was fed with a normal diet containing 0.6 mg/
mL mango peels extract.

* The subgroup T, was fed with a normal diet containing 0.6 mg/
mL mangiferin.

During 8 weeks of efficacy studies, physical parameters
such as feed and drink intakes and body weight were recorded.
At the end of the study, the overnight fasted rats were decapitat-
ed (inhalation of chloroform) and then blood was collected in
EDTA coated tubes.

Liver and kidney functioning tests

Liver function tests measures the level of alanine ami-
notransferase(ALT), aspartate aminotransferase (AST), and al-
kaline phosphatase (ALP) in the samples. The concentrations
of ALT and AST were measured by the dinitrophenylhydrazene
(DNPH) methodusing Sigma Kits 58 - 50 and 59 - 50 (Merck,
Miinchen, Germany),respectively and ALP by Alkaline Phos-
phates—DGKC method!?!. The serum sampleswere investigated
for urea by GLDH-method and creatinine by Jaffe-method us-
ingcommercial kits purchased from Merck (Miinchen, Germa-
ny)to assess the proper renal functionality!!>!4,

Hematological aspects

The samples collected in EDTA coated tubeswere ana-
lyzed for completeblood profile like total red blood cells count,
hemoglobin, hematocrit, mean corpuscularvolume (MCV)I],
Platelets count anderythrocytes sedimentation rates were deter-
mined by the previously reported method!'¢l. Total white blood
cells (WBC), neutrophiles, lymphocytes, and monocytes were
also determined by the previously reported method!'?! using an
automatic blood analyzer (Nihon Kohden, Tokyo, Japan).

Electrolytes balance

The Na, K and Ca in the samples were determined by
the previously reported method!'” using a KHE-5-automatic
electrolyte analyzer (Jinan Kinghawk Technology Co.; Ltd.; Ji-
nan, China).

Statistical analysis

The data obtained in the present study were subject-
ed to statistical analysis using completely randomized design
(CRD) through statistical software Cohort version 6. 1 (Co Stat,
2003). Furthermore, analysis of variance (ANOVA) technique
was applied to determine the level of significance!'®).

Results and Discussion

Liver functioning tests

In study I (trial land 2) (Figure 2), the recorded AST
values for T, T, and T, were 109. 05 + 6. 32 and 104. 42 £ 7. 43,
103.25+7.82 and 100. 62+ 7. 02 and 105. 15+ 7. 72 and 101.
80 £ 6. 92 IU/L, respectively. Likewise in study II (trial 1), value
for this attribute was highest in T (141. 77 7. 62 IU/L) that sig-
nificantly lowered in T (125. 19 £9. 62 IU/L) and T, (128. 01 +
8. 43 TU/L) groups. Similar response was observed in trial 2; the
maximum valuewas noticed in T as135.81 + 8.23 [U/L followed
by T,122.38+£9.75 IU/L and T, 120.20 + 9.34 IU/L, respective-
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ly. Moreover in study III (trial 1 and 2), serum AST concentra-
tions declined to 110.92 + 8.63 and 101.00 + 9.55 and 113.69 +
8.12and 103.50 = 7.23 IU/L in T, and T, groups, respectively as
compared to 119.27+8.51 and 113.11 + 6.68 (IU/L) in T, (Table
2). Mean ALT values in study I (trial 1) for T, T, and T, groups
were 48.65 +£2.12, 46.78 = 3.12 and 47.56 + 3.81 IU/L, corre-
spondingly. Likewise in trial 2, the recorded values were 46.24 +
3.11,44.92+3.02and 45.18 £ 3.16 IU/L in T, T, and T, groups,
respectively. However in study II (trial 1 and 2), the maximum
ALT value was observed in T (52.76 + 2.82 and 55.99 + 3.43
IU/L) than that of T, (49.20 &+ 3.96 and 51.90 + 3.58 IU/L) and
T, (50.25 +4. 03 and 52. 68 + 3. 20 IU/L) groups, respectively.
In study III (trial 1), recorded ALT values in T, T, and T, groups
were 46.55 +2.12,42.21 +£3.10 and 45.15 + 2.89 IU/L whereas
in subsequent trial 44.02 £ 2.53, 41.18 + 2.41 and 42.19 £ 3.16
IU/L, respectively (Table 2). In study I (trial 1 and 2), TO had
the highest ALP level 150.68 + 8.95 and 145.79 + 9.12 IU/L
than that of T, and T, groups as 147.58 + 12.43 and 142.13 =
11.73 and 148.17 £ 13.22 and 143.56 &+ 14.15 IU/L, respectively
(Table 2). Similarly, in study II (trial 1), ALP level in T, was
202.89 + 14.20 IU/L that varied significantly in T, and T, groups
as 190.03 + 15.81 and 195.25 + 12.63 1U/L, respectively. The
subsequent trial also showed a momentous decline from 212. 41
£15.231U/Lin T to 201.63 + 13.63 and 205.29 = 13.38 [U/L in
T, and T,, respectively. Similarly in study III (trial 1), maximum
ALP level 216.39 + 16.15 IU/L was reported in T that momen-
tously reduced to 206. 50 = 10.72 IU/L in T, and 210.22 + 13.33
IU/L in T, groups. In the next trial, recorded values for T, T,
and T, groups were 220.21 + 14.12, 208.23 + 15.87 and 211.06
+ 14.12 TU/L, correspondingly.

Table 2: Effect of functional drinks on liver functioning tests

Group |l

T
T.
T

Group 1 { T-
T

Group Il - Ty

Group I Ty
T.

Lewvel [I1L/L)

K
Group 11 T,
B

Group 111 { T,

| X T T T T T T T T T T 1
] 40 a0 120 160 200 240

Level (1U/L)
Figure 2: Results of liver functioning tests. (A) AST. (B) ALT. (C) ALP.
Group I: Healthy rats (control), Group II: Hypercholesterolemic rats,
Group III: Diabetic rats. T : Normal diet, T,: Normal diet + mango ex-
tract, T,: Normal diet + mangiferin. The means carrying same letters in
a column do not differ significantly.

Studies AST (IU/L) ALT (IU/L) ALP (IU/L)

T, T, T, T, T, T, T, T, T,
Study I
(Trial 1) | 109.05+£6.32 | 103.25+7.82 | 105.15+£7.72 | 48.65+2.12 | 46.78+3.12 | 47.56+3.81 150.68+8.95 147.58+12.43 | 148.17+13.22
(Trial 2) | 104.42+7.43 | 100.62+7.02 | 101.80+6.92 | 46.24+3.11 | 44.92+3.02 | 45.18+3.16 145.79+9.12 142.13+11.73 | 143.56+14.15
Study I1
(Trial 1) | 141.77£7.62a | 125.1949.62b | 128.01£8.43b | 52.76+2.82a | 49.20+3.96b | 50.25+4.03ab | 202.89+14.20a | 190.03+15.81b | 195.25+12.63ab
(Trial 2) | 135.81£8.23a | 120.20+9.34b | 122.38+9.75b | 55.99+3.43a | 51.90+3.58b | 52.68+3.20ab | 212.41+15.23a | 201.63+13.63b | 205.29+13.38ab
Study I1
(Trial 1) | 119.27+8.51a | 110.92+8.63b | 113.69+8.12b | 46.55+2.12a | 42.21+3.10c | 45.15+2.89b | 216.39+16.15a | 206.50+10.72b | 210.22+13.33ab
(Trial 2) | 113.1146.68a | 101.00+9.55b | 103.50+7.23b | 44.02+2.53a | 41.18+2.41c | 42.1943.16b | 220.21+14.12a | 208.23+15.87b | 211.06+14.12ab

Means carrying same letters in a column do not differ significantly
Study I  : Normal diet

Study II : High cholesterol diet

Study III: Diabetic rats

T, : Control drink (without active ingredients)

T, : Drink containing mango peel extract

T, : Drink containing mangiferin

Kidney functioning tests

In study I (trial 1 and 2), the observed values for serum
urea level were 19. 98 + 1.43 and 22.25 + 1.78, 18.99 + 0.86
and 21.35 + 1.12 and 19.25 + 1.39 and 21.96 + 0.94 mg/dL in
T,, T, and T, groups, respectively. However in study II (trial 1),
urea level in T, group was 27.95 + 1.64 mg/dL that decreased
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significantly in T and T, as 25. 78 + 1. 49 and 26. 85 + 0. 34 mg/
dL, respectively. Similar response was noticed in the following
trial; the highest value was recorded in T as 29. 47 + 1.98 mg/dL
followed by T, 27. 35 = 1.96 mg/dL and T, 28.64 + 1.62 mg/dL,
respectively. Likewise in study III (trial 1 and 2), a substantial
decline was observed from 30. 25+ 2. 21 and 32. 55 + 1. 46 mg/
dL (T,) to 28.96 + 1.21 and 30.15 = 1.91 (T,) during both trials
(Table 3) (Figure 3 & 4).

In study I (trial 1 and 2), mean creatinine values in T,
T, and T, groups were 0.79 + 0.04, 0.77 £ 0. 01 and 0.78 + 0.04
mg/dL whereas 0.81 + 0.03, 0.79 + 0.04 and 0.80 = 0.03 mg/dL
for respective trial, correspondingly. Likewise in study II, the
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values for this trait significantly reduced from 0.85 = 0.03 to 0.80 + 0.04 mg/dL and 0.91 + 0.06 to 0.84 & 0.01 mg/dL in T to T,
groups (trial 1 and 2), respectively. In study III, reported creatinine levels were 0.98 + 0.02, 0.91 + 0.02 and 0.94 + 0. 06 mg/dL in
T,, T, and T, groups. Similar in trial 2, maximum value was noticed in T, 0.96 = 0.03 mg/dL followed by T, 0.92 + 0.05 mg/dL and

T, 0.90 + 0.06 mg/dL (Table 3).

Table 3: Effect of functional drinks on serum urea and creatinine (mg/dL).

Studies Urea Creatinine

T, | T, | T, T, T,
Study I
(Trial 1) 19.98 +1.43 18.99 +0.86 19.25+1.39 0.79 + 0.04 0.77 £ 0.01 0.78 +0.04
(Trial 2) 2225+ 1.78 2135+ 1.12 21.96 £0.94 0.81+£0.03 0.79 +0.04 0.80 +0.03
Study II
(Trial 1) 27.95 £ 1.64a 25.78 £1.49b 26.85 £+ 0.34ab 0.85+0.03a 0.80 + 0.04b 0.82 + 0.05ab
(Trial 2) 29.47 +1.98a 2735+1.96b | 28.64 +1.62ab 0.91 £ 0.06a 0.84 +£0.01b 0.87 + 0.04ab
Study III
(Trial 1) 30.25+2.21a 28.96 £ 1.21b 29.12 £ 1.93ab 0.98 +£0.02a 0.91 £0.02b 0.94 + 0.06ab
(Trial 2) 32.55+ 1.46a 30.15+1.91b | 31.01 +1.62ab 0.96 +0.03a 0.90 = 0.06b 0.92 +0.05ab

Means carrying same letters in a column do not differ signifi-
cantly

Study I : Normal diet

Study II : High cholesterol diet

Study III: Diabetic rats

T, : Control drink (without active ingredients)

T, : Drink containing mango peel extract

T, : Drink containing mangiferin

Group |

Group I

Group Il

Concentration (mg/dL)

Group |

Group Il

Group Il

[ T T T T T T
0 0.2 04 0.6 08 1.0

Concentration (mg/dL)

Figure 3: Results of kidney functioning tests. (A) Serum urea. (B) Se-
rum creatinine. Group I: Healthy rats (control), Group II: Hypercho-
lesterolemic rats, Group III: Diabetic rats. T : Normal diet, T,: Normal
diet + mango extract, T,: Normal diet + mangiferin. The means carrying
same letters in a column do not differ significantly.
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Hematological aspects

Under the disease conditions, the level of red blood
cells (RBC) decreases, whereas the white blood cells (WBC) in-
crease due to possible inflammation and undesirable immune re-
sponses. The in balance of red blood cells and white blood cells
leads to many complications associated with various diseases.

In study I (trial 1 and 2), the mean RBC values for T,
T, and T, groups were 6.20 + 0.29 and 7.01 & 0.24 cells/pL, 6.45
+ 0.31 and 7.08 £ 0.52 and 6.29 = 0.12 and 7.06 + 0.41 cells/
pL, respectively (Table 4) (Figure 5). Moreover in study II (trial
1), the minimum RBC concentration was reported in T, (5.25 £
0.34 cells/pL) that non-substantially increased in T, (5.44 + 0.24
cells/pL) and T, (5.35 & 0.33 cells/pL). Likewise pattern was
observed in the next trial. Similarly in study III, the RBC values
varied non-significantly in T, T, and T, groups as 4.10 & 0.26
and 5.01+0.32,4.19+£0.19 and 5.25 £ 0.28 and 4.15 £ 0.16 and
5.20 £ 0.13 cells/pL, respectively (trial 1 and 2).

Means regarding Hb in study I (trial 1 and 2) showed
the values 12.11 +0.12 and 10.89 + 0.65 g/L for T, that non-mo-
mentously enhanced to 12.25+0.91 and 11.10 £ 0.72 and 12.20
+0.41 and 10.94 £ 0. 73 g/L in T, and T, groups, respectively.
Nevertheless in study II, the lowest hemoglobin value was no-
ticed in T, (9. 81 + 0. 64 g/L) that momentously increased in
T, (9.99 + 0.68 g/L)and T, (10.85 = 0.67 g/L) groups (trial 1).
Likewise increasing trend was observed during the 2™ trial, the
hemoglobin level enhanced from 10. 88 + 0.52 to 11.96 £+ 0.83
g/L in T and T, groups, respectively. In study III, the reported
values for this trait in T, group was 9. 55 + 0. 69 and8. 64 = 0.
48 g/L that differed momentously in T, and T, groups by 10.44
+0.43 and 10.60 £ 0.32 and 9.99 + 0.48 and 9.95 £ 0.38 g/L, in
respective trials (Table 4).

The means in Table 4 (study I; trial 1) showed non-mo-
mentous differences in hematocrit level from 45.10 +1.12% (T )
t0 46.75 = 3.12% (T,) and 45.91 + 2.81% (T,). During the next
trial, observed values were 46.72 +2.51,47.16 = 2.43 and 46.96
+ 3.42% for respective groups. However, in study II (trial 1)
hematocrit value in T, was 37.33 + 1. 12% that significantly en-
hanced to 40.02 +2.92 and 38.05 = 2.51% in T, and T, groups,
respectively. In the subsequent trial, similar trend was observed
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that validates the data. In study III, the hematocrit level noticed as 33. 63 +2.31, 35.74 £ 2.71 and 34.75 + 1.92% (trial 1) and 35.85
+1.72,38.99 +1.13 and 36.39 = 1.81% in T,, T, and T, groups, respectively (trial 2).

A B
Growpl 1 Ty Group |
Growp |l 1Ty Group Il
Group |l Group Il { T
T 1 T 1
8 14
Concentration (cells/pL) Concentration {g/L)
C D
Group | Group 1 {T
Group Il Group 4 Ty
Group [l Group Il 4 T,

Figure 4: Results of the index determinations for RBC. (A) RBC. (B) Hemoglobin. (C) Hematocrit. (D) MCV. Group I: Healthy rats (control),
Group II: Hypercholesterolemic rats, Group III: Diabetic rats. T: Normal diet, T,: Normal diet + mango extract, T,: Normal diet + mangiferin. The

means carrying same letters in a column do not differ significantly.

In study I (trial 1), the mean MCV values were reported as 52.90 +3.21, 53.32 + 4.11 and 52.94 £3.10 fLin T, T and T,
groups, respectively. Likewise pattern was observed during trial 2. Moreover in study II (trial 1 and 2), the observed MCV values
for T, T, and T, groups were 45.63 + 2.94 and 43.78 + 2.76, 46.12 = 1.62 and 44.26 + 3.30 and 45.96 + 3.91 and 43.92 + 2.76 fL,
correspondingly. In study III, the lowest MCV value was 42.96 + 3.13 in T, that uplifted non-momentously by 43.68 + 3.91 and
43.10 +3.32 fL in T, and T, groups, respectively (trial 1). Likewise pattern was observed in the subsequent trial (Table 4) (Figure
6).

Table 4: Effect of functional drinks on red blood cell indices.

RBC (cells/pL) Hemoglobin(g/L)
Studies T ‘ T ‘ T T T ‘ T
0 1 2 0 1 2

Study I
(Trial 1) 6.20 +0.29 6.45+0.31 6.29+£0.12 12.11 £ 0.12 12.25+0.91 12.20 £ 0.41
(Trial 2) 7.01 £0.24 7.08 £0.52 7.06+0.41 10.89 +0.65 11.10 £ 0.72 10.94 +£0.73
Study II
(Trial 1) 5.25+0.34 5.44+0.24 5.35+0.33 9.81 +0.64b 10.85+0.67a 9.99 + 0.68ab
(Trial 2) 6.15+0.26 6.43£0.12 6.30+0.22 10.88 +0.52b 11.96 £ 0.83a 11.01 £ 0.80ab
Study I1I
(Trial 1) 4.10+0.26 4.19+0.19 4.15+0.16 9.55+0.69b 10.44 £ 0.43a 9.99 + 0.48ab
(Trial 2) 5.01+£0.32 5.25+0.28 5.20+0.13 8.64 +0.48b 10.60 £ 0.32a 9.95 + 0.38ab
Studies Hematocrit (%) MCV ()

T, T, T, T, T, T,
Study I
(Trial 1) 4510+1.12 46.75+3.12 4591 +2.81 52.90 £3.21 53.3244.11 52.94+3.10
(Trial 2) 46.72 £2.51 47.16+2.43 46.96 +£3.42 51.99 +£3.52 53.01 £4.53 52.29+3.64
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Study II

(Trial 1) 37.33+1.12b 40.02 £2.92a 38.05+2.51b 45.63 +2.94 46.12 +£1.62 45.96 +3.91
(Trial 2) 38.98 +2.43b 41.12+3.01a 39.50 + 1.83b 43.78 £2.76 44.26 +3.30 43.92+2.76
Study I1I

(Trial 1) 33.63+2.31b 35.74+2.71a 34.75 +1.92ab 42,96 +3.13 43,68 +3.91 43.10+3.32
(Trial 2) 3585+ 1.72b 38.99+1.13a 36.39 + 1.81ab 43.90 +3.52 44.42 £3.44 43.99 £2.86

Means carrying same letters in a column do not differ significantly
Study I : Normal diet

Study II : High cholesterol diet

Study III: Diabetic rats

T, : Control drink (without active ingredients)

T, : Drink containing mango peel extract

T, : Drink containing mangiferin

A

Group | { T,
Tz

Groupll « Ty

Group Il { T,

i
ra —|
-
- -
@ —
=

i2 14 16 18 20
WEC (cellsinL )

Groupl 4 Ty

Group 114 T
T:

T
Group Il { T,

B
Group | 1
Group Il T i8
Group Il - Ty
1
( 80
%
D
Ty
Group | { T
Group Il 4 T,
T.‘
T
Group Il { T

T

Figure 5: Results of the index determinations for WBC. (A) WBC. (B) Neutrophils. (C) Monocytes. (D) Lymphocytes. Group I: Healthy rats
(control), Group II: Hypercholesterolemic rats, Group III: Diabetic rats. T : Normal diet, T,: Normal diet + mango extract, T,: Normal diet + man-
giferin. The means carrying same letters in a column do not differ significantly.

In study I, mean WBC values were recorded as 13.71
£0.18, 12.96 + 0.64 and 13.29 + 0.63 cells/nL in T, T and T,
groups, respectively. Likewise trend was observed in the trial
2. Similarly, the highest value (study II, trial 1) was noticed in
T, (15.47 £ 0.66 cells/nL) that non-momentously reduced in T,
(15.02 £ 0.32 cells/nL) and T, (14. 96 + 0.32 cells/nL), respec-
tively. The T, group in trial 2 showed maximum WBC value
(14.74 £+ 0.87 cells/nL) followed by T, (14.12 + 0.13 cells/nL)
and T, (13.25 + 0.82 cells/nL). During study III (trial 1 and 2),
the WBC values varied non-significantly in T, T, and T, groups
as 17.51 £ 0.43 and 19.00 £ 0.19, 14.23 + 0.48 and 17.12 £ 0.65
and 15.25 £ 0.97 and 18. 46 + 0.85 cells/nL, respectively (Table
5). In this case (trial 1), mean neutrophils values for T, T, and T,
groups were 72.23 + 3.86, 74.20 = 4.82 and 73.56 £+ 5.63%, cor-
respondingly. Likewise, the lowest value was reported in T, (61.
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32 + 3. 47%) that non-substantially increased to 62.25 + 4.67
and 63.08 + 3.04% in T, and T, respectively (trial 2). During
study II, the T, group had the minimum value for this trait as
62.25 + 5.32% that significantly increased in T, 67.56 + 3.61%
and T, 68.23 & 2. 81%. Similarly, mean values (trial 2) for T,
T, and T, groups were 67.23 + 4.46, 72.12 + 3.46 and 70.32 +
1.47%, respectively. Moreover, neutrophils level for T, group in
study III was 55. 36 + 4. 63% that enhanced non-momentously
in T, and T, groups by 57.25 + 3.47 and 59.15 + 2.09%, respec-
tively (trial 1). Likewise, the observed values for T, T, and T,
groups were 57.22 + 2.46, 60.30 = 1.49 and 59.81 + 2.96% in
respective trial, correspondingly (Table 5).
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Table 5: Effect of functional drinks on white blood cell indices.

. WBC(cells/nL) Neutrophils (%)

Studies
T, T, T, T, | T, | T,

Study I
(Trial 1) 13.71 £0.18 12.96 +0.64 13.29+£0.63 72.23 £ 3.86 74.20 £ 4.82 73.56 + 5.63
(Trial 2) 12.96 +£0.72 12.30+£0.12 12.50 £0.27 61.32+3.47 63.08 £ 3.04 62.25+4.67
Study 11
(Trial 1) 15.47 £ 0.66 14.96 £ 0.32 15.02 +£0.32 62.25+5.32b 68.23 +2.81a 67.56 +3.61ab
(Trial 2) 14.74 £ 0.87 13.25+£0.82 14.12+0.13 67.23 £ 4.46b 72.12 + 3.46a 70.32 + 1.47ab
Study III
(Trial 1) 17.51 +£0.43a 14.23 +£0.48b 15.25+0.97ab 55.36 £4.63b 59.15+2.09a 57.25 +3.47ab
(Trial 2) 19.00 £0.19a 17.12 £ 0.65b 18.46 + 0.85ab 57.22 +£2.46b 60.30 = 1.49a 59.81 £ 2.96ab

. Monocytes (%) Lymphocytes (%)
Studies

TO Tl ‘ T2 TO Tl ‘ TZ

Study I
(Trial 1) 7.70 £0.12 8.10+£0.22 7.80 +0.43 38.26 = 1.96 39.20 £ 0.63 38.75+2.12
(Trial 2) 6.48 £0.05 7.01 £0.37 8.78 £0.52 4099 +1.74 42.06 £1.25 41.03+01.98
Study II
(Trial 1) 5.70£0.21 6.14 £0.10 591 +0.32 3455+ 1.13 35.05+1.47 34.73 £ 1.30
(Trial 2) 4.10+0.37 5.01+£0.31 4.78 £0.23 30.90 +1.34 3242 +£1.69 31.01 £1.59
Study I1I
(Trial 1) 4.15+£0.26 545+042 4.96+0.24 32.96 £2.59 33.36 £ 1.90 33.03 £ 1.56
(Trial 2) 5.45+0.36 6.32+£0.18 5.96 +0.41 30.61 = 1.54 31.13£2.08 30.99 +1.03

Means carrying same letters in a column do not differ significantly

Study I : Normal diet; Study II : High cholesterol diet; Study III: Diabetic rats; T : Control drink (without active ingredients); T, :

mango peel extract; T, : Drink containing mangiferin

A
I
Sroup | T
[ —
6.
Group 1 ~| T
T.’
| Tu
Group Il { T,
|
I T T T T T T T T T T T T T 1
=] 20 40 (=1a] 80 100 120 140
Level (mEq/L)
B
Group |
Group 11 { T,
|
Sroup I g
I T T T T T T T 1
o] 2 - = 8
Level (mEqg/L)
C
TC
Group | | T, 1
T ——
[ Ta —
Group 1l - T,
LTs i =
Ty ——1
Sroup 5 T, ——1
T3 |
I T T T T T T T 1
e} = E 12 16
Level (rmEg/L)
19 Int J Food Nutr Sci

El-Ghorab, A., et al.

Drink containing

| Volume 4: Issue 1



_ o % OMMEGA
Mangiferin in Hypercholesterolemic and Diabetic Rats — Answering lotelligence —

Figure 6: Results of the electrolytes analysis. (A) Na. (B) K. (C) Ca. lectrolytes balance
Group I: Healthy rats (control), Group II: Hypercholesterolemic rats,
Group III: Diabetic rats. T : Normal diet, T,: Normal diet + mango ex-
tract, T,: Normal diet + mangiferin. The means carrying same letters in
a column do not differ significantly.

During study I (trial 1 and 2), mean values for sodium
in T, T and T, were 110.23 + 8.69 and 112.63 + 8.87, 112.25
+10.03 and 114.21 £9.64 and 111.12 = 7.71 and 113.26 + 8.64
mEq/L, respectively (Table 6). Moreover in study II (trial 1 and
2), the values for sodium were 103.26 + 9.42 and 105.25 + 8.63,
107.23 £9.25 and 111.63 + 10.36 and 104.65 + 8.87 and 109.31
+7.42 mEq/L in T, T, and T,, respectively. Similarly in study
111, noticed values in T, T, and T, groups were 107.12 £ 9.45
and 109.23 + 8.56, 112.25 + 8.60 and 113.36 + 9.36 and 109.36
+7.64 and 110.12 + 6.32 mEq/L, respectively (trial 1 and 2). In
study I, mean potassium values (Table 6) were 5.91 £ 0.12 and
6.01 = 0.21, 6.06 £ 0.32 and 6.26 £ 0.41 and 6.01 £ 0.43 and
6.09 = 0.30 mEg/L in T, T, and T, groups, respectively (trial 1
and 2). Similarly, lowest potassium level (4.50 £ 0.16 and 5.71 +
0.24 mEq/L) was recorded in T, that uplifted non-momentously
inT, (5.15+0.32and 6. 02 +0. 35 mEq/L) and T, (4.80 + 0.22
and 5.99 + 0.34 mEq/L), respectively (study II; trial 1 and 2).
Likewise during study III (trial 1 and 2), highest values were
noticed in T, (5.85 +0.39 and 4.35 + 0.26 mEq/L) followed by
T, (5.45+0.19 and 4.25 £ 0.23 mEg/L) and T (5.10 + 0.10 and
4.13 = 0.02 mEqg/L). Mean calcium levels in study I were 12.41
+0.56 and 14.99 + 0.54 mEq/L (T), 13.01 + 0.62 and 15.21 +
0.35 mEqg/L (T,) and 12.65 + 0.75 and 15.04 £ 0.66 mEq/L (T,),
respectively (trial 1 and 2). Likewise in study II (trial 1), mean
values in T, T, and T, groups were 11.88 +0.96, 12 25 + 0.31
and 12.01 + 0.36 mEq/L whilst in 2" trial 12.46 + 0.74, 13.01 +
0.43 and 12.59 + 0.62 mEq/L, respectively. Similarly, calcium
concentrations in study III were 10.77 = 0.62, 11.01 = 0.60 and
10.85 + 0.42 mEq/L in T, T, and T, groups, respectively (trial
1). Likewise pattern was observed in trial 2 (Table 6).

Monocytes

During study I (trial 1), the monocytes values in T,
T, and T, were 7.70 = 0.12, 8.10 & 0.22 and 7.80 & 0.43%, re-
spectively. Similar pattern was observed during the next trial.
Similarly in study II (trial 1), T, had the lowest value as 5.70
+ 0.21% than that of T1 6.14 + 0.10% and T2 5.91 + 0.32%,
whereas during the 2" trial, levels for this trait were 4.10 +0.37,
5.01 £ 0.31 and 4.78 £ 0. 23%. In study III (trial 1 and 2), the
recorded monocytes level in T group was 4.15 + 0.26 and 5.45
+ 0.36% that non-significantly uplifted in T, 4.96 + 0.24 and
5.96+0.41% and T, 5.45 £ 0.42 and 6.32 = 0.18%, respectively
(Table 5).

In the initial study, the reported lymphocytes for T,
group were 38.26 = 1. 96% that non-substantially inclined in
T,38.75 & 2. 12% and T1 39.20 + 0.63%. Likewise, non-mo-
mentous increase was noted in trial 2 for T, T, and T, groups as
40.99 = 1.74, 42.06 = 1.25 and 41.03 £ 1. 98%, corresponding-
ly. Moreover in study I, a non-significant uplift in lymphocytes
level was reported; T, (35.05 = 1.47 and 32.42 £ 1.69%) and
T, (34.73 £ 1.30 and 31.01 + 1.59%) as compared to group T,
(34.55+1.13 and 30.90 + 1.34%), respectively. In study III (trial
1 and 2), the noticed differences in lymphocytes were 32. 96 +
2.59 and 30.61 + 1.54, 33.36 + 1.90 and 31.13 + 2.08 and 33.03
+1.56 and 30.99 + 1. 03% in T, T, and T, groups, respectively
(Table 5).

Table 6: Effect of functional drinks on electrolytes balance.
Studi Sodium (Na) mEq/L Potassium (K) mEq/L Calcium (Ca) mEq/L
udies
| T | T T, | T, | T T T T

TO 1 2 0 1 2 0 1

2

Study I
(Trial 1) | 110.23£8.69 | 112.25+10.03 | 111.12+7.71 | 591 +£0.12 | 6.06 £ 0.32 | 6.01 £0.43 | 12.41 £ 0.56 | 13.01 £0.62 | 12.65+0.75
(Trial 2) | 112.63+8.87 | 114.21 +9.64 | 113.26+8.64 | 6.01 £0.21 | 6.26 £ 0.41 | 6.09+0.30 | 14.99 +0.54 | 15.21 +£0.35 | 15.04 + 0.66
Study II
(Trial 1) | 103.26+£9.42 | 107.23 +£9.25 | 104.65+8.87 | 450+0.16 | 5.15+0.32 | 4.80+0.22 | 11.88+0.96 | 12.25+0.31 | 12.01 +0.36
(Trial 2) | 105.25+£8.63 | 111.63 £10.36 | 109.31 £7.42 | 571+ 0.24 | 6.02+0.35 | 599+ 0.34 | 12.46+0.74 | 13.01 £0.43 | 12.59+0.62
Study II
(Trial 1) | 107.1249.45 | 112.25+8.60 | 10936 £7.64 | 5.10+0.10 | 5.85+0.39 | 545+ 0.19 | 10.77+0.62 | 11.01 £0.60 | 10.85 + 0.42
(Trial 2) | 109.23£8.56 | 113.36+9.36 | 110.12+6.32 | 4.13+0.02 | 435+ 0.26 | 4.25+0.23 | 12.79+0.76 | 13.12+0.45 | 13.01 £ 0.53

Study I : Normal diet; Study II : High cholesterol diet; Study III: Diabetic rats;
T, : Control drink (without active ingredients); T, : Drink containing mango peel extract; T, : Drink containing mangiferin

Discussion

The AST, ALT and ALP are the sensitive indicators for the diagnosis of diseases associated with liver damages such as
hepatitis and cirrhosis. Various studies have reported that lipid-rich diets tend to enhance the levels of AST, ALP and by the action
of reactive oxygen species (ROSs), which react with polyunsaturated fatty acids in membrane!'. Therefore, antioxidant polyphe-
nols, such as mangiferin, are known to prevent the elevation of ALT, AST and ALP levels?*?!. One study reported that magniferin
suppressed the abnormally high levels of AST, ALT and ALP in hypercholestrolemic and hyperglycemic rats??. The reduction of
AST, ALT and ALP levels by mangiferin in the present study is consistent with the previous reports? ¥, These activities by mango
peel extract and mangiferin can be proposed to due to their antioxidant nature. Previous study demonstrated that the supplemen-
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tation of mangiferin significantly reduced the abnormally high
concentrations of liver enzymes. These effects were proposed
that strong anti-oxidative properties of mango peel polyphenols
were responsible to inhibit lipid per-oxidation thereby alleviate
abnormal enzyme concentrations!”>?%. The results from the pres-
ent study also demonstrated that both mango peel extract and
mangiferin are effective to modulate the levels of liver enzymes
including AST, ALT and ALP.

In the rats with a disease, such as hypercholestrolemic
or diabetic, their kidneys ability to remove metabolic wastes, in-
cluding urea and creatinine, is suppressed and subsequently the
metabolic wastes levels increase. The lowering ability of urea
and creatinine levels by mango peel extract was previously re-
ported®” and the results of the present study are consistent with
that report. Also, another study reported that mango polyphenols
decreased the levels of urea and creatinine in GM-induced renal
injury rats because of their anti-oxidative and anti-inflammato-
ry activities?®?, In addition, effects of mango peel extract and
mangiferin against the levels of serum urea and creatinine have
been reported in diabetic and hypercholesterolemicrats?*®3!l, The
results obtained in the present study are consistent with the re-
sults from these studies.

Erythrocytes and allied membranes have a high ratio
of polyunsaturated fatty acids to the total lipids, indicating the
susceptibility of lipid per-oxidation. Moreover, RBCs are highly
prone to lipid per-oxidation due to constant exposure to oxygen
and pro-oxidants (Pawlak et al., 1998). During hypercholesterol-
emic and hyperglycemic phases, irregularities in both white and
red blood cells indices are observed by different scientists. They
inferred that elevation in microvescicles production, formation
of excessive toxins and membrane oxidations are the key factors
in this regard (Kumar, 2000; Hoffman et al. , 2004; Madjid et al.
,2004).

The findings of different scientists including Muruga-
nandan et al. (2005); Muruganandan et al. (2002) and Kemasa-
ri et al. (2011) delineated that mango peel polyphenols impart
positive impact on red blood cells, hemoglobin, hematocrit and
MCYV levels of experimental rats due to their membrane protec-
tive and antioxidant perspectives.

The maintaining electrolyte balance is important to
keep the vital functions of a kidney®. In addition, electrolytes
perform numerous life sustaining processes, such as homeosta-
sis maintenance, ensures proper acid base ratio and oxygen bal-
ance. On the other hand, their imbalance is resulting oxidative
stress and kidney malfunctioning™). There are strong evidences
that mango peel polyphenols modulate electrolytes balance by
managing the activity of glands involved in sodium and potas-
sium secretions?*¥], The mango peel polyphenols, especially
mangiferin, also reportedly improved electrolyte balancel*®!.

Conclusion

The results of the present study demonstrated that man-
go peel extract and its’ major polyphenol components, man-
giferin have considerable effects to disease rats, in particular
hypercholesterolemic and diabetic rats. Mango peel extract and
mangiferin possess potent antioxidant activity which prevents
various diseases. In addition, these substances were proved to
recover the levels of various secretions from disease rats, sug-
gesting that they hold nutraceutical potential. Mango peel con-
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taining mangiferin can be used for the development of function-
al foods and beverages.
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