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Abstract: Mangiferin always draws the attention of traditional as well as modern
medicinal chemists because of its ease of chemical derivatization and diverse
biological activities, including anticancer, anti-inflammatory, neuroprotective,
antidiabetic, analgesic, antimalarial, anticonvulsant, laxative, cardiotonic,
hemopoietic, antioxidant, antimicrobial, antipsychotic, anticoagulant, and
antihypertensive properties. This review focuses on a detailed and updated
overview of the synthesis of mangiferin derivatives and their diverse biological

activities, with examples from both patented and non-patented literature.
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1. Introduction

Mangiferin, a naturally occurring polyphenolic heterocyclic organic compound,
also known as quinomine or alpizarin, that is generally found in plants such as
Mangifera indica, which belongs to the class of Xanthones™. 1,3,6,7-
tetrahydroxy-2-((2S,3R,4R,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-
2H-pyran-2-yl)-9H-xanthen-9-one, or mangiferin, has two of the important
functionalized rings, xanthone and pyranosel”. Broad research discovers its
chemical and pharmaceutical properties, basically introducing structural
modifications to its effectiveness with respect to various biological activities like
anti-inflammatory, anticancer, neuroprotective, immunosuppressive anti-tumour,
antidiabetic, laxative, antiviral, cardiotonic, hemoptysis, analgesic, cytoprotective
effect, antimalarial, antioxidant, antimicrobial, antipsychotic, antihypertensive
activities etc°®. Mangiferin has also exhibited good inhibitory activities on kinase
family enzymes®%" %% 5751 ‘Mangiferin has gained great importance owing to its
anticancer activity in lung cancer, colorectal cancer, and breast cancer®®".
Various drug candidates are available pharmaceutically; containing xanthone and
the pyranose ring as a pharmacophoric moiety, and are also available in clinical
development to reveal the utility of mangiferin as a pharmacophoric moleculel™.
This review provides a comprehensive, detailed, and updated overview of
mangiferin about chemistry and their diverse biological activities, covering

patented and non-patented literature.
2. General Synthetic Strategies of Mangiferin and its derivatives

The significant research work of researchers has developed of various synthetic
methodologies to synthesize numerous potential derivatives of mangiferin to

gl46. 74, 75]

manage and treat various disease . Some of which are defined in the

schemes below:
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Figure 1. Structure of Mangiferin and its isoformst®®

2.1. Mangiferin analogues as PTP1B inhibitors
In 2007, Wang Hu, Hg., Wang, Mj., Zhao, Qj. et al.” reported the synthesis series

of mangiferin derivatives 1-9 (Fig 2) as depicted in scheme 1.

Synthesis of reported compounds 1-9 begins with the reaction of mangiferin
solution in dry dimethylformamide that was reacted with RX (alkyl halide) and
K,CO3; with continuous stirring at 60 °C for 10 hours. The reaction mixture gave a
residue that was further purified by column chromatography using
dichloromethane (CH,CL,) and Methanol (CH3;OH) as eluent to give desired

compounds 1-9.
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2.1.1. Biological activity

Mangiferin show effective inhibitory activity at 50 uM concentration that has been
shown antidiabetic action by inhibiting Protein tyrosine phosphatase 1B (PTP1B)
in table 1. Compound 6 and 9 shown 100% and 62.5% inhibition against PTP1B.

Table 1. In vitro PTP1B Enzyme Inhibitory Activity of the Compounds

Compounds Ratio of inhibition, Percentage

500 pM 50 uM
1 24.07 -
2 24.97 -
3 22.02 -
4 19.60 -
5 47.70 -
6 541 100.0
7 * 10.68
8 51.14 26.14
9 * 62.50

*Mean deposition were found whereas buffer was added to the test sample solution.

(50-65% vyield)

Scheme 1. Synthesis of Mangiferin derivatives 1-9°"
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Figure 2. Mangiferin derivatives as PTP1B inhibitors®
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2.2. Mangiferin analogues as antidiabetic agents
In 2013, Deng Jia-Gang et al.® synthesized novel three esterified-derivatives of

mangiferin (PAM, HPM and HBM), as represented in scheme 2.

OH . .
Acetic anhydride, 40 °C
98% H,SO, 18 hrs

Penta-acetyl Mangiferin (PAM)

COCH,CH,
_COCH,CHj

\OH o .
WO Propionic anhydride, 60 °C HO

98% H,S0O, 24 hrs

COCH,CH,

OH
Hepta-propionyl Mangiferin (HPM)

COCH,CH,CHj
_COCH,CH,CHj

H . .
Butyric anhydride, 80 °C HO
98% H,S0, 24 hrs

COCH,CH,CHj

Hexa-butyryl Mangiferin (HBM)

Mangiferin

Scheme 2. Synthesis of Esterified Mangiferin Derivatives®!
Synthesis of PAM using mangiferin in the mixture of solution of acetic anhydride,
and 98% H,SO, with continuous stirring at 40 °C for 18 h in a water bath. The
reaction mixture further processed by washing and extracted then purified by
column chromatography using chloroform : ethyl acetate : acetone (7 : 2 : 1) as
eluent to give desired compounds PAM.
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Synthesis of HPM using mangiferin in the mixture of solution of propionic
anhydride, and 98% H,SO, with continuous stirring at 60 °C for 24 h in a water
bath. The reaction mixture further processed by washing and extracted then
purified by column chromatography using chloroform : methanol (25 : 1) as eluent

to give desired compounds HPM.

Synthesis of HBM using mangiferin in the mixture of solution of butyric
anhydride, and 98% H,SO, with continuous stirring at 80 °C for 24 h in a water
bath. The reaction mixture further processed by washing and extracted then
purified by column chromatography using petroleum ether : chloroform : acetone

(10 : 7 : 3) as eluent to give desired compounds HBM.

2.2.1. Biological activity
Esterified analogues of mangiferin showed good antidiabetic activity. The
antidiabetic activity of the esterified analogues of mangiferin was assessed in a
streptozotocin-induced hyperglycemia mouse model. Table 2 shows that the
positive control (metformin), PAM (0.5, 0.25 millimole/kg ™), HPM (0.5, 0.25
millimole/kg™), and HBM (0.5, 0.25, 0.125 millimole/kg™) showed good anti-
diabetic activity (P <0.01). The mangiferin (1, 0.5 millimole/kg ™), PAM (0.125
millimole/kg™), and HPM (0.125 millimole/kg™) showed least hypoglycemic
activity (P < 0.05); the mangiferin (0.25 millimole/kg™) had the potential for a
anti-diabetic effect. The findings showed that the hypoglycemic activity of all

mangiferin esterified analogues is greater than that of mangiferin in vivo studies.
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Table 2. Comparative in vitro studies for antidiabetic activity of mangiferin

and its derivatives with standards

Sr. No. Groups Dose c1(mmol/L—-1) cl4 R/%
(millimole/kg™) (mmol/L™)
1. Normal control - 7.51+0.59 7.12+0.77 4,96 +£10.21
2. Hyper-glycemic - 17.727 £5.245 | 16.61 +5.18 3.514 +25.34
model
3. Positive control - 17.738 +5.735 | 7.50 +1.45 54.21 + 14.36**
(Metformin)
1.0 16.56 + 5.06 11.06 + 3.92 28.27 £ 26.99*
4. Mangiferin 0.5 17.64 +5.07 12.69 +5.02 27.38 £ 18.09*
0.25 17.21 +5.27 13.68 + 4.98 19.48 +17.34
0.5 18.22 +6.09 10.19+4.85 | 41.92 + 22.23**
o. PAM 0.25 17.60 £ 5.41 10.58 +3.39 | 35.78 £ 24.18**
0.125 17.1 £5.38 11.81+4.78 28.26 £ 24.72*
0.5 17.60 + 5.88 10.54 +2.74 35.21 + 18.53*
6. HPM 0.25 18.31+5.71 11.94+6.16 | 35.44 + 20.96**
0.125 18.27 + 6.28 12.25 +6.93 30.83 £ 21.74*
0.5 18.03 + 4.67 11.24 +3.53 | 37.16 + 15.96**
7. HBM 0.25 18.52+6.26 | 10.98+2.86 | 35.03 + 20.64**
0.125 16.93 +5.04 11.24 +3.65 | 34.21 + 18.30**

Note: *P<0.05, **P<0.01, t-test compared to the hyperglycemic model group.

2.3.

Mangiferin analogues as antimicrobials

In 2012, Saurabh K. Sinha et al.®? synthesized a series of novel mangiferin

analogues 1-6, as depicted in Scheme 3. Generally, to synthesize mangiferin

analogues an equivalent molar solution of mangiferin, concentrated hydrochloric

acid, paraformaldehyde, 95% ethanol, and aromatic amines are used, the reaction
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mixture was refluxed at 80 °C for 2 hours, and then the reaction mixture was
cooled to room temperature and kept in the refrigerator overnight. The resulting
reaction mixture was diluted, washed with water, filtered, and crystals were

recrystallized from ethanol.

Paraformaldehyde,
Conc. HCI, 95% Ethanol OH .

Aroamtic Amines (R)

oH” ""of CH,—NH-R
OH

O:H 2

oH 1

5- (N- chloro phenylamino methyleno) mangiferin
(CPAMM) (PAMM)

OH 4

5- (N-p-methoxyphenylamino methyleno) mangiferin
(MPAMM) (MxPAMM)

; H
OH
5

5-(N-alpha-napthylamino methyleno) mangiferin

(NAMM) 5-(N-diphenylamino methyleno mangiferin

(DPAMM)

Scheme 3. Synthesis of mangiferin analogues®
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2.3.1. Biological activity

The antibacterial and antifungal activity of solutions containing varying amounts

of mangiferin and its novel analogues.

Table 3. Biological activity of mangiferin and its analogues as antimicrobial

and antifungal.

Sr. | Compounds | Conc. Antibacterial activity Inhibition Antifungal activity
No. % Inhibition

Bac. Bac. Sal. Pse. Asp. Ther.

pumilus cereus virchow aeruginosa flavus aurantiacus

15 18 15 22 0 0 0

1. | Mangiferin 20 20 17 26 0 0 0
25 23 18 29 0 0 0

30 nt* nt* nt* 0 12 18

15 16 12 19 0 0 0

2. PAMM 20 19 15 22 0 0 0
25 22 16 23 0 0 0

30 nt* nt* nt* 10 11 14

15 15 12 20 0 0 0

3. CPAMM 20 17 14 21 0 0 0
25 18 15 23 0 0 0

30 nt* nt* nt* 8 11 13

15 17 15 20 0 0 0

4, MPAMM 20 19 17 22 0 0 0
25 22 19 25 0 0 0

30 nt* nt* nt* 10 14 15

15 18 14 20 0 0 0

5. | MxPAMM 20 19 17 21 0 0 0
25 22 19 23 0 0 0

30 nt* nt* nt* 9 11 16

15 17 14 19 0 0 0

6. DPAMM 20 18 15 20 0 0 0
25 20 18 22 0 0 0

30 nt* nt* nt* 9 12 14

15 18 13 18 0 0 0

7. NAMM 20 19 15 20 0 0 0
25 21 18 23 0 0 0

30 nt* nt* nt* 10 11 15

nt* = not tested against microorganisms
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All of the examined bacterial and fungal stains showed increased activity at
Increasing concentrations, according to the data reported in Table 3. For all
mangiferin analogues, the maximum inhibition against P. aeruginosa was detected
at 30%, while the maximum inhibition for bacterial stains, namely B. pumilus, B.
cereus, and S. virchow, was observed at a concentration of 25%. When T.
aurantiacus and A. flavus fungal stains were investigated, it was shown that a 30%

concentration of mangiferin analogues had good activity.

2.4. Mangiferin analogues as analgesics
In 2016, Karuna Shanker et al.®® reported the synthesis of novel mangiferin
derivatives 1-8 depicted in scheme 4. having analgesic action. To synthesized
derivatives, in the solution of mangiferin, dry DMF, aryl/alkyl halide and K,COs
were added at room temperature, kept for overnight with continuous stirring to get

desired compound.
2.4.1. Biological activity

Mangiferin and its derivatives was found to be very effective analgesic and anti-
inflammatory agents by inhibiting cyclooxygenase enzyme. Anti-inflammatory
activity is measured in terms of inhibition phosphorylation of the NF-jB and
JAK1-STAT1/3 pathways in gingival epithelia.
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HO OH OH
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Mangiferin
H;C(H,C),50 o O(CH,),5CH;3

OP-CH,CgH,Cl

OP-CH,CgH,Cl

Scheme 4. Synthetic route and Synthesis of mangiferin derivatives as analgesic
agents™

2.5.  Mangiferin analogues as antioxidants and analgesic agents
In 2005, Ahsana DAR et al.’" reported the synthesis of novel mangiferin

derivatives 1-4 as antioxidants and analgesics, as depicted in Scheme 5. In an effort

to enhance the antioxidant and analgesic effects, mangiferin's analgesic derivatives
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were synthesized through a noncatalytic reaction including acetylation, alkylation,

benzylation, cinnamoylation, and methylation.

Using the acetylation of mangiferin, the solution of mangiferin is mixed with
pyridine and reacts with acetic anhydride at room temperature for 36 hours. Further
the reaction mixture is kept for evaporation, which gives compound 1 as residue

that is subjected to purification to get desired compound 1.

With the help of cinnamoylation of mangiferin in the solution of cinnamoyl
chloride (CgH,CIO), mangiferin was reacted in the presence of pyridine at room
temperature for 20 hours with continuous stirring. The resulting reaction mixture
was kept for evaporation, which gave a residue that was fractionized with the
solvent-solvent  separation technique using the ratio of solvents,
chloroform:methanol (9:1). The residue was washed with water and extracted with
ethyl acetate. The combined organic layer was collected and concentrated to get

the desired compound 2.

Mangiferin was subjected to methylation, a solution of mangiferin in acetone was
reacted with dimethyl sulfate (DMS) and K,CO; with continuous stirring at room
temperature for one week. The resulting reaction mixture was kept for evaporation,
which gave a residue that was fractionized with the solvent-solvent separation
technique using the ratio of solvents, chloroform:methanol (8:2). The combined

residue was collected and concentrated to result in desired compound 3.

Acetylation of Compound 3: compound 3 carried out with acetic anhydride at
room temperature for 7 hours. The resulting reaction mixture was kept for

evaporation, which provides desired compound 4 as residue.
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OH (CH,C0),0, Pyridi AcO
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3 2 3

oH Acetylation

HO 0 OH
HO CyH,ClO, Pyridine
OH Cinnamoylation
- . OH O
HO oOH
Mangiferin

DMS, Acetone, K,COjy »

Methylation

(CH;C0),0
Acetylation

Scheme 5. Synthetic route and Synthesis of mangiferin derivatives as

antioxidant and analgesic agents!®!
2.5.1. Biological activity

According to reported studies, mangiferin and its derivatives and B. ceiba leaf
extract had analgesic and antioxidant properties in the different models that were
examined. Using various tests, including DPPH, deoxyribose damage, and lipid
peroxidation, the antioxidant efficacy of the extract and mangiferin was assessed.
Using the DPPH assay, the leaves extract (BCL) of B. ceiba showed promising

antioxidant activities. When it was divided into BCM and mangiferin, activity was
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observed in mangiferin 1 and 3, which were derivatives with lower activity. It was

found that 2 and 4 are not operational. The corresponding potency order appears to
be rutin>}1>{3>{2>{ascorbic acid~>BCL>BCM based on antioxidant IC 50

values.

Table 4. Analgesic and antioxidant activity of mangiferin and its derivatives

https://doi.org/10.26434/chemrxiv-2024-4cvgh ORCID: https://orcid.org/0009-0007-8890-7676 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0

leaves and BCM = Methanolic fraction of BCL

2.6.

Synthesis of sugar esters based mangiferin derivatives

Sr. Dose BCL BCM Mangiferin BCP-AC (1) BCPC-1E Rutin Ascorbic
No (m ®3) acid
g/ml)
1. 2 nt nt 23.92+2.15 nt nt 22.66x4.7 nt
2. 5 nt nt 44.47+6.24 16.89£1.19 21.96+4.6 46.11+4.4 | 17.30x1.37
3. 10 31.06+4.4 14.82+0.6 77.24+7.21 35.85+1.55 40.9646.8 85.07+2.0 | 39.45+3.88
4. 15 40.50+4.1 nt 83.75+3.6 61.16+3.73 nt nt 48.50+1.24
5. 20 49.84+4.3 22.48+1.2 92.79+0.56 80.61+1.51 71.37+9.5 86.00+1.2 | 57.62+1.90
6. 30 68.35+5.4 35.19+1.9 93.56+0.05 92.43+0.17 78.36+11. nt nt
5
7. 50 93.09+1.7 51.73+5.4 nt 92.80+0.53 89.25+0.0 89.77£1.6 | 65.56+1.80
8. IC50 20.12+2.1 52.00+2.4 5.80+0.96 14.20+1.001 13.50+1.7 5.56+0.3 15.75+1.43
nt = not tested against microorganisms, BCL =Methanolic extract of B. ceiba

In 2010, Gang, D. J. et. al.”® synthesized sugar ester-based mangiferin derivatives

1-4 with the help of the immobilized lipase that is illustrated in Scheme 6.

In an effort to synthesize sugar esters-based mangiferin derivatives, in the solution

of ram mangiferin with dioxane, ethyl propionate, and in the presence of the

immobilized lipase enzyme in a water bath at 60 °C for 24 hours, the reaction

mixture was further concentrated with the help of a rotary evaporator that provided

a residue that was subjected to purification with column chromatography using

chloroform : methanol as eluent to provide the desired compound 1.
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Dioxane, CH;CH,COOEt
Immobilized lipase

H
Acetone, CH;CH,CH,COOEt
cetone 3 2! 2! =

Immobilized lipase

HO

HO

OH OCH, H;CO
(0]
OH O ° \ OH
>

DMSO, Immobilized lipase

Mangiferin
OH
HO,, H,C
N0 OH O )\WOH

OH H,C 3

SO0 -
O}I;IO o oy tert-Butyl alcohol, Immobilized lipase  HO
Mangiferin

Scheme 6. Synthetic route and its sugar ester derivative of mangiferin®

Synthesis of second sugar ester-based derivative of mangiferin, using raw
mangiferin mixed with acetone and Propionic acid in the presence of immobilized
lipase lipozyme in a water bath with thermostat control table at 60 °C for 24 hours,
the reaction mixture was further concentrated with the help of a rotary evaporator

that provided a residue that was subjected to purification with column
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chromatography using chloroform : methanol as eluent to provide the desired

compound 2.

Synthesis of third derivative of sugar ester-based mangiferin, using raw mangiferin
with isobutyric acid and tert-Butyl alcohol in the presence of immobilized lipase
lipozyme in a water bath with thermostat control vibration shaking table at 60 °C
for 24 hours, the reaction mixture was further concentrated with the help of a
rotary evaporator that provided a residue that was subjected to purification with
column chromatography using chloroform : methanol as eluent to provide the

desired compound 3.

Synthesis of fourth sugar ester-based mangiferin derivative, using raw mangiferin
with (E)-3-(4-hydroxy-3-methoxyphenyl)acrylic acid and DMSO in the presence
of immobilized lipase lipozyme in a water bath with thermostat control vibration
shaking table at 60 °C for 24 hours, the reaction mixture was further concentrated
with the help of a rotary evaporator that provided a residue that was subjected to
purification with column chromatography using chloroform : methanol as eluent to

provide the desired compound 4.
2.7. Mangiferin analogues as anti-inflammatory agents

In 2014, S. Mahendran et al.’®! synthesized the most active free radical scavenging
mangiferin derivatives 1-4 by modification in the structure of mangiferin and
developed benzoylation, acetylation, methylation, and benzylation-based novel
mangiferin derivatives as anti-inflammatory, antioxidants, and analgesic agents 1-

4, represented in Scheme 7.

Using the benzoylation of mangiferin, in the solution of mangiferin is mixed with
benzoyl chloride and pyridine, and the reaction mixture reacts with basic alumina

at room temperature.
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Benzoyl chloride

Pyridine, Basic Alumina

Mangiferin Benzoyl Mangiferin

Benzyl chloride

Dry DMF, K,CO,

Acetic anhydride

Pyridine

Dimethyl sulphate
Acetone, K,CO;

Mangiferin
Methyl Mangiferin

Scheme 7. Synthetic route of mangiferin derivatives®

Then the further reaction mixture is kept at 70 °C for 30 minutes, and then the

reaction product is cooled to room temperature, which was extracted with
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dichloromethane (CH,ClI,) three times. The combined extracted product is washed
with water, dried over sodium sulfate (Na,SO,), and concentrated with the help of
a rotary evaporator to remove solvent, then crystallized with (ethyl acetate :
petroleum ether : ethanol), which is subjected to the desired compound, tribenzoyl

mangiferin (1).

With the help of the benzylation of mangiferin in the solution of mangiferin, dry
DMF, benzyl chloride (CsHsCH-Cl), was reacted in the presence of K,COsat 60 °C
for 10 hours with continuous stirring. The resulting reaction mixture was kept for
evaporation, which gave a residue that was further purified with the help of column
chromatography, and the fraction was concentrated to provide the desired

compound, benzyl mangiferin (2).

Mangiferin was subjected to acetylation; a solution of mangiferin in pyridine was
reacted with acetic anhydride with continuous stirring at 40 °C for 36 hours. Then
the resulting reaction mixture was washed with water and extracted with
chloroform soluble fraction then the resulting reaction mixture was kept for
evaporation, which gave a residue that was further purified with the help of column
chromatography, and the fraction was concentrated to provide the desired

compound, acetyl mangiferin (3).

Methylation of mangiferin: in a solution of mangiferin, acetone was reacted with
dimethyl sulphate and K,CO; at 25 °C for one week, the reaction mixture was
further concentrated with the help of a rotary evaporator that provided a residue
that was subjected to purification with column chromatography using
chloroform:methanol as eluent to provide the desired compound, methyl
mangiferin (4).
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2.7.1. Biological activity
2.7.1.1. Antioxidant activity

The antioxidant activity of solutions containing varying amounts of mangiferin and
its derivatives. In DPPH, ABTS, H202, and nitric oxide in-vitro test models,
mangiferin showed very potent antioxidant activity with 1Csy values of 1.72+0.07,
0.09+0.01, 8.39£1.09, and 32.58+0.34 pg/ml, respectively in Table 5. In every
approach, benzoyl and acetyl mangiferin (1, 3) showed strong to moderate activity.
In lipid peroxidation, p-NDA, and deoxyribose assays, benzoyl and acetyl
mangiferin (1, 3) demonstrated superior efficacy compared to mangiferin. Only
benzoyl mangiferin shown strong activity in the alkaline DMSO method.
Compared to the standards, benzoyl mangiferin exhibited superior activity in the p-
NDA, lipid peroxidation, and alkaline DMSO method. The activity benefited with
the substitution of acetyl and benzoyl groups for mangiferin. These findings led to

the selection of acetyl and benzoyl mangiferin (1, 3) in addition to mangiferin for

comparison of their in-vivo and antiinflammatory properties.

Table 5. The in-vitro anti-oxidant activity of mangiferin and its derivatives

[96]

Sr. | Compund I1Csp valuestSEM (mcg/ml) by models
No S D.P.P.H. | AB.T.S. | Deoxyri p-NDA H202 Nitric Lipid Alkaline
bose oxide peroxidatio | DMSO
n
1. Mangiferin | 1.72+0.17 | 0.09+0.02 | 502.20+3 | 106.84+0.17 | 8.39+1.09 32.58+0.14 | 433.20+4.18 >1000
. 5.10
2. 1 23.80+£0.89 | 0.65+0.02 | 87.58+2. | 24.13+£1.05 | 23.57+0.34 52.67+1.30 8.90+0.98 152.30£3
21 .63
>1000 2.41+0.08 >1000 >1000 215.02+£3.11 >1000 >1000 >1000
36.47+0.81 | 3.71+0.14 | 406.30+2 | 31.53+£3.72 | 81.23+1.05 >1000 29.80+1.27 >1000
.85
3 >1000 2.23+0.06 >1000 >1000 >1000 >1000 >1000 >1000
Ascorbic. 4.92+0.38 | 11.25+0.49 - >1000 193.45+2.30 - - >1000
acid
6. Rutin 8.91+0.15 | 0.52+0.041 - 205.54+3.45 | 32.35+1.02 65.21+2.97 - >1000
7 BHA - - 83.46+40 - 22.16+0.56 - 110.02+3.41 -
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2.7.1.2. Anti-inflammatory activity

The carrageenan-induced paw edema in rats was used as a model to investigate the
in vivo anti-inflammatory activity of mangiferin and benzoyl mangiferin (1) had
considerable efficacy at a dose of 20 mg/kg for measures ranging from 30 to 360
minutes in rats with paw edema generated by carrageenan, as compared to the
control group. Table 6. demonstrated a significant reduction in paw edema after
120, 180, and 360 minutes for mangiferin, benzoyl mangiferin (1), and acetyl
mangiferin (3) at 10 mg/kg and 20 mg/kg, respectively. Nevertheless, compared to
the tested samples, the normal dose of diclofenac (20 mg/kg) likewise yielded
comparable and superior outcomes. After 360 minutes of tests, the percent

protection was discovered to be 28.17 to 37.09.

Table 6. The in vivo anti-inflammatory activity of mangiferin and its

derivatives against carrageenan-induced paw edema in rats®

Sr. Treatment Dose - Paw volume in ml after minutes
No Groups mg/kg
0 30 60 120 180 360
1. Control Group Control | 0.84+0.02 | 1.63+0.04 | 1.774£0.05 | 1.90+0.07 | 1.9640.07 2.13+0.06
10 0.91+0.04 1.51+0.0 1.60+0.06 | 1.56+0.07 | 1.52+0.08 1.48+0.08
Mangiferin
20 0.98+0.08 | 1.39+0.04 | 1.46+0.04 | 1.43+0.06 | 1.38+0.05 1.3440.04
2.
10 0.98+0.05 | 1.55+0.04 | 1.57+0.04 | 1.59+0.04 | 1.55+0.09 1.52+0.05
Benzoyl
3. mangiferin (1) 20 1.00+0.06 | 1.40+0.04 | 1.40+0.06 | 1.41+0.04 | 1.36+0.03 1.3740.05
10 0.95+0.05 | 1.58+0.03 | 1.67+0.06 | 1.60+0.07 | 1.55+0.07 1.5340.06
Acetyl
4. mangiferin (3) 20 1.02+0.03 | 1.51+0.06 | 1.55+0.04 | 1.57+0.01 | 1.45+0.08 1.42+0.07
5. Diclofenac (std) 20 0.89+0.04 | 1.22+0.05 | 1.25+0.05 | 1.30+0.03 | 1.16+0.02 1.1340.03

Note: According to Dunnet's test, values are expressed as mean+S.E.M. for groups of six animals each; differences between
the control and treatment groups are statistically significant at aP<0.001, bP<0.01, and cP<0.05.
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2.8. Synthesis of glycosylated p-D-glucopyranosyl-mangiferin

In 2015, Bingfang He, Xueming Wu, Jianlin Chu, Bin Wu, Sen Zhang, Pingkai
Ouyang. et al.’! synthesized beta-d sugar-based mangiferin derivative 1 by
modification in the structure of mangiferin with the help of glycosylation via

biotransformation in the presence of arlhrobacler nicolianae and dextrasucrase

HO OH
HO 0

HO O

depicted in Scheme 8.

1.S:H,0,10min,30°C

O OH O
2R: MeOH HO
316H,30°C;6h,30°C O O
HO 0 OH

Scheme 8. Synthesis of glycosylated p-D-glucopyranosyl-mangiferin®”
2.9. Synthesis of polysulfated mangiferin derivatives

In 2011, Madalena M. M. Pinto et. al.’®® synthesized two polysulfated mangiferin
derivatives (1-3) by modification in the structure of mangiferin with the help of
sulfation, depicted in Scheme 9. Synthesis of polysulfated mangiferin derivatives
(1-3), produced by sulfating commercially available mangiferin with 4, 8, and 6
equivalent/OH, respectively, of triethylamine sulfur trioxide adduct in dimethy-
lacetamide at 65 °C for 24 hours that provide desired compounds (1-3).

2.9.1. Biological activity

The anti-coagulant activity of solutions containing varying amounts of polysulfated

mangiferin derivatives (1-3) is shown in Table 7. The anti-coagulant effect of the
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polysulfated mangiferin derivatives was examined in vitro using prothrombin (PT),
activated partial thromboplastin (APTT), and thrombin time (TT) tests on human
plasma. To investigate the impact of the sulfate group on the anti-coagulant

activity, mangiferin sodium sulfate was also taken into consideration.

Table 7. Anticoagulant activity of polysulfated derivatives of mangiferin®

Sr. No Compounds group APTT, PT, TT,
1. 1 0.39 nt nt
2. 2 2.21 1.60 1.96
3. 3 0.06 0.71 na

Concentration values expressed in 10° M are the means of three separate studies, with a standard
deviation of less than 10%. Heparin is the positive control; APTT,=0.4U/mL, PT,=1.9U/mL, and
TT,=0.2U/mL, nt = not tested, na = not active (P>0.05).at 5.00x10° M.

DMA,65°C

. 5 _
SO, ELN ossojioso Q,S0 050,
_SOsEGN O _ O O _
6 i./OH
equi./O 05S0 oo o o o 0SO0O;

Scheme 9. Synthesis of sulfated derivatives of mangiferin!®

2.10. Synthesis of calcium and zinc salt-based mangiferin derivatives
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In 2012, Teng, H., Wu, W., and Xu, G. et. al,.® synthesized calcium and zinc
salt-based mangiferin derivatives 1-4 as insulin sensitizer and oral hypoglycemics,
as depicted in Scheme 10. A solution of mangiferin monosodium is heated to 60 °C

in order to prepare the calcium salt of mangiferin.

R= Metabolic ion of basic amino acid or
amino oriate or inorganic alkaline matter

Scheme 10. Synthetic route and Complexation reaction of Mangiferin

derivatives®

2.10.1. Biological activity

In order to enhance the sensitivity of insulin to beta cells of the pancreas, calcium-

salt-based mangiferin derivatives have shown good activity as antidiabetic agents.
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2.11. Synthesis of novel esterified and alkyl amine mangiferin analogues

In 2022, Krishna R. Gupta, mohan H. Patil, milind J. Umekar et. al.,
synthesized novel mangiferin derivatives 1-12 as antioxidants and anticancer
agents, depicted in figure 3, by modification in the structure of mangiferin, in

efforts to enhance antioxidant and anticancer activity.

Figure 3. structure novel esterified and alkyl amine mangiferin derivatives™®
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Table 8. Patented literature

Sr. Tittle as Application No./ | Publication Inventors References
No | Biological activity Patent No. Date
1. Analgesic KR2014/001252 10/30/2014 Kim Dong Hyun, [101]
et. al.
2. Anthelminthic EP2009/054349 10/15/2009 | De Kochko Alexandre, [102]
et. al.
3. Anti-allergic JP2009/066203 04/01/2010 | Fujifilm Corporation, [103]
et. al.
4. Anti-amoebic 09/728051 09/02/2003 | Winter Rolf W, et. al. [104]
5. Anti- 14/547537 05/21/2015 Deshpande Jayant, [105]
atherosclerosis Ghanam Khadija,
et. al.
6. Anti-bacterial 13/440446 07/26/2012 | Gupta Shyam K. et. al. [106]
10. Anti- JP200700018783 | 02/05/2009 Matsuda Hideaki, [107]
inflammatory 7 et. al.
13. Anti- 13/023594 06/30/2011 Hoffmann Erika, [108]
proliferative Horres Roland, Faust
Volker, et. al.
15. Acrthritic 12/865995 01/06/2011 | Park Dong-suk, et. al. [109]
23. Prevent PCT/W02008061 | 23/05/2008 Guang'ai Xu, et. al. [110]
osteoporosis 480A1
24. Anticancer KR WO/ 08/03/2012 | Bingfang He, Xueming [111]
US1997/006988 Wulianlin, et. al.
23. Prostate Cancer CN104013611B 17/06/2014 | Liu Dan, Liu Yidan, Qi [112]
Meifeng, et. al.
24. Anticancer CN103755692A 29/01/2014 Zhou Rongguang, [113]
et. al.
23. | AMPK activator as | W0O2010145192A1 03/06/2010 | Tenghou Lei, Wu Wei, [114]
Anticancer et. al.
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3. Conclusion

The versatile biological and pharmacological activities of mangiferin and its
derivatives in a range of medicinal situations, including cancer, diabetes,
hypertension, depression, microbial infection, etc., have attracted a great deal of
attention from researchers. Mangiferin shares a molecule that can be easily
modified chemically, and by adding small chemical modifications, their
pharmacological activity can be varied, even their efficiency. A significant amount
of research work is in progress, and many patent applications have been filed for
the physiologically active substances that contain the pharmacophore mangiferin.
Researchers are encouraged by some of the most potent mangiferin derivatives to
find new, safer anticancer mangiferin analogues. The use of Mangiferin analogues
as anticancer, anti-inflammatory, neuroprotective, antidiabetic, analgesic,
antimalarial,  anticonvulsant,  antioxidant,  antimicrobial,  antipsychotic,
anticoagulant, and antihypertensive actions, among other things, has also been the

subject of some recent primary findings.

Conflict of interest

The authors declare no conflict of interest
Funding

None

Acknowledgment

The authors express their sincere gratitude to Professor and Director Dr. Deepti
Jain, School of Pharmaceutical Sciences, Rajiv. Gandhi Proudyogiki
Vishwavidyalaya Bhopal, for their guidance and support.

https://doi.org/10.26434/chemrxiv-2024-4cvgh ORCID: https://orcid.org/0009-0007-8890-7676 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0


https://doi.org/10.26434/chemrxiv-2024-4cvqh
https://orcid.org/0009-0007-8890-7676
https://creativecommons.org/licenses/by/4.0/

References

1.

10.

11.

12.

13.

14.

15.

Morozkina, S.N., et al., Mangiferin as New Potential Anti-Cancer Agent and Mangiferin-
Integrated Polymer Systems-A Novel Research Direction. Biomolecules, 2021. 11(1).
Imran, M., et al., Mangiferin: a natural miracle bioactive compound against lifestyle
related disorders. Lipids Health Dis, 2017. 16(1): p. 84.

Matkowski, A., et al., Mangiferin — a Bioactive Xanthonoid, not only from Mango and
not just Antioxidant. Mini reviews in medicinal chemistry, 2012. 13.

Bhatia, H.S., Chapter 8 - Effects of Dietary Components on Microglia Inactivation in
Alzheimer’s Disease, in Role of the Mediterranean Diet in the Brain and
Neurodegenerative Diseases, T. Farooqui and A.A. Farooqui, Editors. 2018, Academic
Press. p. 117-137.

Watroly, M.N., et al., Chemistry, Biosynthesis, Physicochemical and Biological
Properties of Rubiadin: A Promising Natural Anthraquinone for New Drug Discovery
and Development. Drug Des Devel Ther, 2021. 15: p. 4527-4549.

Du, S., et al.,, Mangiferin: An effective therapeutic agent against several disorders
(Review). Mol Med Rep, 2018. 18(6): p. 4775-4786.

Imran, M., et al., Mangiferin: a natural miracle bioactive compound against lifestyle
related disorders. Lipids in Health and Disease, 2017. 16(1): p. 84.

Yehia, R.S. and S.A. Altwaim, An Insight into In Vitro Antioxidant, Antimicrobial,
Cytotoxic, and Apoptosis Induction Potential of Mangiferin, a Bioactive Compound
Derived from Mangifera indica. 2023. 12(7): p. 15309.

Mei, S., H. Ma, and X. Chen, Anticancer and anti-inflammatory properties of
mangiferin: A review of its molecular mechanisms. Food and Chemical Toxicology,
2021. 149: p. 111997.

Jangra, A., et al., The multifaceted role of mangiferin in health and diseases: a review.
Advances in Traditional Medicine, 2021. 21(4): p. 619-643.

Kaurav, M., et al., In-depth analysis of the chemical composition, pharmacological
effects, pharmacokinetics, and patent history of mangiferin. Phytomedicine Plus, 2023.
3(2): p. 100445.

Dutta, T., et al., Mangiferin: the miraculous xanthone with diverse pharmacological
properties. Naunyn-Schmiedeberg's Archives of Pharmacology, 2023. 396(5): p. 851-
863.

Rahmani, A.H., et al.,, Role of Mangiferin in Management of Cancers through
Modulation of Signal Transduction Pathways. 2023. 11(12): p. 3205.

Du, S., et al., Mangiferin: An effective therapeutic agent against several disorders
(Review). Molecular Medicine Reports, 2018. 18.

Medina Ramirez, N., et al., Extraction of Mangiferin and Chemical Characterization and
Sensorial Analysis of Teas from Mangifera indica L. Leaves of the Uba Variety. 2016.
2(4): p. 33.

https://doi.org/10.26434/chemrxiv-2024-4cvgh ORCID: https://orcid.org/0009-0007-8890-7676 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0


https://doi.org/10.26434/chemrxiv-2024-4cvqh
https://orcid.org/0009-0007-8890-7676
https://creativecommons.org/licenses/by/4.0/

16. Dutta, T., et al., Mangiferin: the miraculous xanthone with diverse pharmacological
properties. Naunyn-Schmiedeberg's Archives of Pharmacology, 2023. 396.

17.  Zivkovi¢, J., et al., Pharmacological properties of mangiferin: bioavailability,
mechanisms of action and clinical perspectives. Naunyn-Schmiedeberg's Archives of
Pharmacology, 2023. 397: p. 1-19.

18. Lum, P.T., et al., Protective effect of mangiferin on memory impairment: A systematic
review. 2020. 28: p. 917 - 927.

19. Lum, P.T., et al., Therapeutic potential of mangiferin against kidney disorders and its
mechanism of action: A review. Saudi Journal of Biological Sciences, 2022. 29(3): p.
1530-1542.

20. Lum, P.T., et al., Neuroprotective potency of mangiferin against 3-nitropropionic acid
induced Huntington’s disease-like symptoms in rats: possible antioxidant and anti-
inflammatory mechanisms. 2023. 14.

21.  Maharaj, A., et al.,, Phytochemical Screening, and Antibacterial and Antioxidant
Activities of Mangifera indica L. Leaves. 2022. 8(10): p. 909.

22.  Yehia, R.S. and S.A. Altwaim, An Insight into In Vitro Antioxidant, Antimicrobial,
Cytotoxic, and Apoptosis Induction Potential of Mangiferin, a Bioactive Compound
Derived from Mangifera indica. Plants (Basel), 2023. 12(7).

23.  Vaz, L.B.A, et al., Identification, characterization and quantification of xanthones from
Fridericia formosa leaves extract with antiviral activity. Scientific Reports, 2024. 14(1):
p. 2258.

24.  Telang, M., et al., Therapeutic and cosmetic applications of mangiferin: a patent review.
Expert Opinion on Therapeutic Patents, 2013. 23(12): p. 1561-1580.

25.  Zhou, H., et al., Comprehensive Profiling of Mangiferin Metabolites In Vivo and In Vitro
Based on the “Drug Metabolite Clusters” Analytical Strategy. ACS Omega, 2023. 8(11):
p. 9934-9946.

26. Ronchi, S.N., et al., Phytochemical and in vitro and in vivo biological investigation on
the antihypertensive activity of mango leaves (Mangifera indica L.). Therapeutic
Advances in Cardiovascular Disease, 2015. 9(5): p. 244-256.

27.  Abdul-Aziz Ahmed, K., et al., Mangiferin (mango) attenuates AOM-induced colorectal
cancer in rat’s colon by augmentation of apoptotic proteins and antioxidant mechanisms.
Scientific Reports, 2024. 14(1): p. 813.

28. He, Z., et al., Mangiferin alleviates trimethylamine-N-oxide (TMAO)-induced
atherogenesis and modulates gut microbiota in mice. Food & Function, 2023. 14(20): p.
9212-9225.

29. Loan, N.T.T., et al., Purification Process of Mangiferin from Mangifera indica L. Leaves
and Evaluation of Its Bioactivities. 2021. 9(5): p. 852.

30. Kaggwa, B., et al., Application of the herbal chemical marker ranking system (Herb
MaRS) to the standardization of herbal raw materials: a case study. BMC
Complementary Medicine and Therapies, 2023. 23(1): p. 348.

https://doi.org/10.26434/chemrxiv-2024-4cvgh ORCID: https://orcid.org/0009-0007-8890-7676 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0


https://doi.org/10.26434/chemrxiv-2024-4cvqh
https://orcid.org/0009-0007-8890-7676
https://creativecommons.org/licenses/by/4.0/

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Yap, K.M,, et al., Mangifera indica (Mango): A Promising Medicinal Plant for Breast
Cancer Therapy and Understanding Its Potential Mechanisms of Action. Breast Cancer:
Targets and Therapy, 2021. 13(null): p. 471-503.

Mistry, J., et al., Antidiabetic activity of mango peel extract and mangiferin in alloxan-
induced diabetic rats. Future Journal of Pharmaceutical Sciences, 2023. 9(1): p. 22.
Savikin, K., et al., Antimicrobial activity of Gentiana lutea L. extracts and isolated
compounds mangiferin, isogentisin and gentiopicrin. Planta Med, 2007. 73(09): p. P_151.
Viswanadh, E.K., B.N. Rao, and B.S. Rao, Antigenotoxic effect of mangiferin and
changes in antioxidant enzyme levels of Swiss albino mice treated with cadmium
chloride. Hum Exp Toxicol, 2010. 29(5): p. 409-18.

Kumar, M., et al., Mango (Mangifera indica L.) Leaves: Nutritional Composition,
Phytochemical Profile, and Health-Promoting Bioactivities. Antioxidants, 2021. 10.
Singh, A.K,, et al., Isolated mangiferin and naringenin exert antidiabetic effect via
PPARy/GLUT4 dual agonistic action with strong metabolic regulation. Chemico-
Biological Interactions, 2018. 280: p. 33-44.

Mei, S., et al., Mangiferin: a review of dietary sources, absorption, metabolism,
bioavailability, and safety. Crit Rev Food Sci Nutr, 2023. 63(18): p. 3046-3064.
Gold-Smith, F., A. Fernandez, and K. Bishop, Mangiferin and Cancer: Mechanisms of
Action. 2016. 8(7): p. 396.

Akter, S., et al., Renoprotective Effects of Mangiferin: Pharmacological Advances and
Future Perspectives. Int J Environ Res Public Health, 2022. 19(3).

Akter, S., et al., Renoprotective Effects of Mangiferin: Pharmacological Advances and
Future Perspectives. 2022. 19(3): p. 1864.

Minniti, G., et al., Mangifera indica L., By-Products, and Mangiferin on Cardio-
Metabolic and Other Health Conditions: A Systematic Review. 2023. 13(12): p. 2270.
Garrido-Suarez, B.B., et al., A Mangifera indica L. Extract Could Be Used to Treat
Neuropathic Pain and Implication of Mangiferin. 2010. 15(12): p. 9035-9045.

Vieira, A., et al., Mangiferin Prevents Guinea Pig Tracheal Contraction via Activation of
the Nitric Oxide-Cyclic GMP Pathway. PloS one, 2013. 8: p. e71759.

Sarfraz, M., et al., Nanotechnology-Based Drug Delivery Approaches of Mangiferin:
Promises, Reality and Challenges in Cancer Chemotherapy. 2023. 15(16): p. 4194.

Yap, K.M,, et al., Mangifera indica (Mango): A Promising Medicinal Plant for Breast
Cancer Therapy and Understanding Its Potential Mechanisms of Action. Breast Cancer:
Targets and Therapy, 2021. 13: p. 471-503.

Lopez-Cérdenas, F.G., et al.,, Advances in Mangiferin: Biosynthetic Pathways,
Bioavailability and Bioactivity, in Handbook of Dietary Flavonoids, J. Xiao, Editor.
2023, Springer International Publishing: Cham. p. 1-37.

Zivkovi¢, J., et al., Pharmacological properties of mangiferin: bioavailability,
mechanisms of action and clinical perspectives. Naunyn-Schmiedeberg's Archives of
Pharmacology, 2024. 397(2): p. 763-781.

https://doi.org/10.26434/chemrxiv-2024-4cvgh ORCID: https://orcid.org/0009-0007-8890-7676 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0


https://doi.org/10.26434/chemrxiv-2024-4cvqh
https://orcid.org/0009-0007-8890-7676
https://creativecommons.org/licenses/by/4.0/

48.

49,

50.

51.

52.

53.

54,

55.

56.

S7.

58.

59.

60.

61.

62.

63.

Shi, Z.L., et al., In Vitro and in Vivo Effects of Norathyriol and Mangiferin on a-
Glucosidase. Biochemistry Research International, 2017. 2017.

Tolosa, L., et al., Multiparametric evaluation of the cytoprotective effect of the Mangifera
indica L. stem bark extract and mangiferin in HepG2 cells. J Pharm Pharmacol, 2013.
65(7): p. 1073-82.

Garcia-Rivera, D., et al., Gallic acid indanone and mangiferin xanthone are strong
determinants of immunosuppressive anti-tumour effects of Mangifera indica L. bark in
MDA-MB231 breast cancer cells. 2011. 305(1): p. 21-31.

Venugopal, R., et al., In vitro protective effect of mangiferin against glycated protein-
iron chelate induced toxicity in human umbilical vein endothelial cells. 2007. 7: p. 1227-
1232.

Guha, S., U. Chattopadhyay, and S.J.P.R. Ghosal, Activation of peritoneal macrophages
by mangiferin, a naturally occurring xanthone. 1993. 7(2): p. 107-110.

Makare, N., S. Bodhankar, and V.J.J.0.e. Rangari, Immunomodulatory activity of
alcoholic extract of Mangifera indica L. in mice. 2001. 78(2-3): p. 133-137.
Rechenchoski, D., et al., Antiviral potential of mangiferin against poliovirus.
International Journal of Pharmacological Research, 2018. 8: p. 34.

Ochocka, R., et al., The effect of mangiferin on skin: Penetration, permeation and
inhibition of ECM enzymes. PLOS ONE, 2017. 12(7): p. e0181542.

Lin, H., et al., Pharmacokinetic and metabolomic analyses of Mangiferin calcium salt in
rat models of type 2 diabetes and non-alcoholic fatty liver disease. BMC Pharmacology
and Toxicology, 2020. 21(1): p. 59.

Rashid, K. and P.C. Sil, Chapter 3 - Identification and Extraction of Antidiabetic
Antioxidants from Natural Sources, in Discovery and Development of Antidiabetic Agents
from Natural Products, G. Brahmachari, Editor. 2017, Elsevier. p. 63-111.

Samadarsi, R., et al., In-silico and in-vitro studies on the efficacy of mangiferin against
colorectal cancer. BMC Chemistry, 2022. 16(1): p. 42.

Alaiya, M.A. and M.A. Odeniyi, Utilisation of Mangifera indica plant extracts and parts
in antimicrobial formulations and as a pharmaceutical excipient: a review. Futur J
Pharm Sci, 2023. 9(1): p. 29.

Morozkina, S.N., et al., Mangiferin as New Potential Anti-Cancer Agent and Mangiferin-
Integrated Polymer Systems—A Novel Research Direction. 2021. 11(1): p. 79.

Maji, H., et al., Isolation of Mangiferin from Flowering Buds of Mangifera indica L and
its Evaluation of in vitro Antibacterial Activity. Research & Reviews: Journal of
Pharmaceutical Analysis, 2015. 4: p. 49-56.

Igbal, H., et al., Therapeutic potential of mangiferin in cancer: Unveiling regulatory
pathways, mechanisms of action, and bioavailability enhancements — An updated review.
2024. 12(3): p. 1413-1429.

Gold-Smith, F., A. Fernandez, and K. Bishop, Mangiferin and Cancer: Mechanisms of
Action. Nutrients, 2016. 8(7).

https://doi.org/10.26434/chemrxiv-2024-4cvgh ORCID: https://orcid.org/0009-0007-8890-7676 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0


https://doi.org/10.26434/chemrxiv-2024-4cvqh
https://orcid.org/0009-0007-8890-7676
https://creativecommons.org/licenses/by/4.0/

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

Alshwyeh, H.A., et al., Mangifera indica L. kernel ethanol extract inhibits cell viability
and proliferation with induction of cell cycle arrest and apoptosis in lung cancer cells.
Molecular & Cellular Oncology, 2024. 11(1): p. 2299046.

Pal, P.B., K. Sinha, and P.C.J.P.o. Sil, Mangiferin attenuates diabetic nephropathy by
inhibiting oxidative stress mediated signaling cascade, TNFa related and mitochondrial
dependent apoptotic pathways in streptozotocin-induced diabetic rats. 2014. 9(9): p.
e107220.

Lauricella, M., et al., Multifaceted health benefits of Mangifera indica L.(Mango): the
inestimable value of orchards recently planted in Sicilian rural areas. 2017. 9(5): p. 525.

du Plessis-Stoman, D., et al.,, Combination treatment with oxaliplatin and mangiferin
causes increased apoptosis and downregulation of NFkB in cancer cell lines. 2011. 8(2).

Lv, J., et al., Mangiferin induces apoptosis and cell cycle arrest in MCF-7 cells both in
vitro and in vivo. 2013. 12(3): p. 352-359.

Zou, B., et al., Mangiferin induces apoptosis in human ovarian adenocarcinoma
OVCARS3 cells via the regulation of Notch3. 2017. 38(3): p. 1431-1441,

Chattopadhyay, U., et al., Activation of lymphocytes of normal and tumor bearing mice
by mangiferin, a naturally occurring glucosylxanthone. Cancer Letters, 1987. 37(3): p.
293-299.

Louisa, M., T.M. Soediro, and F.D.J.A.P.J.0.C.P. Suyatna, In vitro modulation of P-
glycoprotein, MRP-1 and BCRP expression by mangiferin in doxorubicin-treated MCF-7
cells. 2014. 15(4): p. 1639-1642.

Das, S., B.N. Rao, and B.S.J.C.-b.i. Rao, Mangiferin attenuates methylmercury induced
cytotoxicity against IMR-32, human neuroblastoma cells by the inhibition of oxidative
stress and free radical scavenging potential. 2011. 193(2): p. 129-140.

Sarfraz, M., et al., Nanotechnology-Based Drug Delivery Approaches of Mangiferin:
Promises, Reality and Challenges in Cancer Chemotherapy. Cancers (Basel), 2023.
15(16).

Benard, O. and Y. Chi, Medicinal properties of mangiferin, structural features, derivative
synthesis, pharmacokinetics and biological activities. Mini Rev Med Chem, 2015. 15(7):
p. 582-94.

Singh, S.K., et al. Document heading doi : Synthesis and evaluation of novel analogues
of mangiferin as potent antipyretic. 2011.

Benard, O. and Y. Chi, Chi Review on Mangiferin in MRMC. 2016.

Septiana, I., et al.,, Enzymatic synthesis and biological characterization of a novel
mangiferin glucoside. Enzyme and Microbial Technology, 2020. 134: p. 109479.

Khare, P. and K. Shanker, Mangiferin: A review of sources and interventions for
biological activities. BioFactors, 2016. 42(5): p. 504-514.

Joubert, E., M. Manley, and M. Botha, Use of NIRS for quantification of mangiferin and
hesperidin contents of dried green honeybush (Cyclopia genistoides) plant material.
Journal of Agricultural and Food Chemistry, 2006. 54(15): p. 5279-5283.

https://doi.org/10.26434/chemrxiv-2024-4cvgh ORCID: https://orcid.org/0009-0007-8890-7676 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0


https://doi.org/10.26434/chemrxiv-2024-4cvqh
https://orcid.org/0009-0007-8890-7676
https://creativecommons.org/licenses/by/4.0/

80.

81.

82.

83.

84.

85.

86.
87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Kshirsagar, P.R., et al., Reverse phase-ultra flow liquid chromatography-diode array
detector quantification of anticancerous and antidiabetic drug mangiferin from 11
species of Swertia from India. Pharmacognosy Magazine, 2016. 12(45): p. S32-S36.
Matkowski, A., et al., Mangiferin—a bioactive xanthonoid, not only from mango and not
just antioxidant. 2013. 13(3): p. 439-455.

Sellés, A.J.N., et al., Isolation and quantitative analysis of phenolic antioxidants, free
sugars, and polyols from mango (Mangifera indica L.) stem bark aqueous decoction used
in Cuba as a nutritional supplement. 2002. 50(4): p. 762-766.

Wu, X, et al., Efficient enzymatic synthesis of mangiferin glycosides in hydrophilic
organic solvents. RSC Advances, 2013. 3(41): p. 19027-19032.

Proenca, C., et al., a-Glucosidase inhibition by flavonoids: an in vitro and in silico
structure—activity relationship study. 2017. 32(1): p. 1216-1228.

Wu, Z., et al., Synthesis of Mangiferin, Isomangiferin, and Homomangiferin. The Journal
of Organic Chemistry, 2010. 75(16): p. 5725-5728.

Nott, P. and J.C.J.P. Roberts, The structure of mangiferin. 1967. 6(5): p. 741-747.

Bhatia, V., J. Ramanathan, and T.J.T. Seshadri, Constitution of mangiferin. 1967. 23(3):
p. 1363-1368.

Faizi, S., et al., Temperature and solvent dependent NMR studies on mangiferin and
complete NMR spectral assignments of its acyl and methyl derivatives. Magn Reson
Chem, 2006. 44(9): p. 838-44.

da Cruz Jr, J.W., et al., Crystalline Structure of Mangiferin, a C-Glycosyl-Substituted 9H-
Xanthen-9-one Isolated from the Stem Bark of Mangifera indica. 2008. 91(1): p. 144-154.
Hu, H.-g., et al., Synthesis of mangiferin derivatives as protein tyrosine phosphatase 1B
inhibitors. Chemistry of Natural Compounds, 2007. 43(6): p. 663-666.

Li, X.J., et al., Synthesis and hypoglycemic activity of esterified-derivatives of mangiferin.
Chin J Nat Med, 2013. 11(3): p. 296-301.

Kant Singh, S., et al., Synthesis and evaluation of novel analogues of mangiferin as
potent antipyretic. Asian Pacific Journal of Tropical Medicine, 2011. 4(11): p. 866-869.
Jyotshna, P. Khare, and K. Shanker, Mangiferin: A review of sources and interventions
for biological activities. 2016. 42(5): p. 504-514.

Dar, A, et al., Analgesic and antioxidant activity of mangiferin and its derivatives: the
structure activity relationship. Biol Pharm Bull, 2005. 28(4): p. 596-600.

Deng Jiagang Liang Jiangin, G.U.0.C.M., Mangiferin glycolipid derivant and
preparation method thereof. China patent, CN, CN101885723A, 2010.

Badami, S., et al.,, Synthesis and Evaluation of Analgesic and Anti-inflammatory
Activities of Most Active Free Radical Scavenging Derivatives of Mangiferin. 2014. 4: p.
4959-4973.

Bingfang He, X.W., Jianlin Chu, Bin Wu, Sen Zhang, Pingkai Ouyang. Nanjing Tech
University, KR WO, Fructosylated mangiferin and preparation method therefor and use
thereof, US8946407B2

https://doi.org/10.26434/chemrxiv-2024-4cvgh ORCID: https://orcid.org/0009-0007-8890-7676 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0


https://doi.org/10.26434/chemrxiv-2024-4cvqh
https://orcid.org/0009-0007-8890-7676
https://creativecommons.org/licenses/by/4.0/

United States Patent, 2012.

98.

99.

Correia-da-Silva, M., et al., Polysulfated xanthones: multipathway development of a new
generation of dual anticoagulant/antiplatelet agents. Journal of medicinal chemistry,
2011. 54(15): p. 5373-5384.

Guang'ai Xu, H.D.D.R.C., Ltd, Novel mangiferin calcium salts, the method for its
preparation and its use, WO. WO2008061480A1

WIPO (PCT), US Patent, 2007.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Patil, H.M., et al., Synthesis and Biological Evaluation of 6-Substituted Mangiferin
Derivatives as Antioxidant and Anti-cancer Agents. Letters in Organic Chemistry, 2022.
19(6): p. 477-483.

Kim Dong-hyun, H.M.-j., Composition for preventing, improving or treating colitis
comprising complex extract, WO2014175543A1. US Patent, CN, US, 2017.

Talamond P, M.L., Gargadennec A, Proces for the extraction of mangiferin and
isomangiferin, WO/2009/125017A3 US Patent, US, 20009.

Ueda F, K.C., Serizawa Y., Pyrrolopyrimidine compounds as cdk inhibitors,
WO0/2010/035675 Al. US Patent, US, 2010.

Winter RW, R.M., Hinrichs DJ. , Xanthone analogs for treating infectious diseases and
complexation of heme and porphyrins, US6613797 United States Patent, 2003.
Deshpande J, G.K., Ewart S, Juturu V., salacia compositions , methods of treatment by
their administration, and methods of their preparation, US20150141355A1 United States
Patent, 2015.

Shyam K Gupta, B.r., Artemisinin Derivatives with Natural Amino Acids, Peptides, and
Amino Sugars for Skin Imperfections and Infection in Mammals, US20120189567. United
States Patent, 2012.

74 Matsuda H, N.S., The antiphlogistic agent as the remedy of the inflammatory diseases
like arthritis comprise of Mgf as an active ingredient, JP2009023935A JP, 2009.
Hoffmann E, H.R., Faust V, Schreiber H, Von Holst A, Hoffmann M., Mangiferin: a
promising anticancer bioactive, US20110160698 Al United States Patent, 2011.

Park D-S, Y.M., Choi D-Y The saponins, Mgf and isomangiferin, help in inhibition or
prevention of arthritic diseases, US20110003018A1. United States Patent, 2011.

Guang'ai Xu, H.D.D.R.C., Ltd, Novel mangiferin calcium salts, the method for its
preparation and its use, WO2008061480A1. United States Patent, 2008.

Bingfang He, X.W., Jianlin Chu, Bin Wu, Sen Zhang, Pingkai Ouyang. Nanjing Tech
University, KR WO, Fructosylated mangiferin and preparation method therefor and use
thereof, US8946407B2. United States Patent, 2015.

Liu Dan, L.Y., Qi Meifeng, Wang Ping, Song Liming, Li Xiaoying, Zhang Jianwen,
Zhang Wei, Shang Jianhua, Safe Metabolic Arthritis Gout Of Yunnan Awns Research
Center KPC Pharmaceuticals Inc, Application of mango aglycone and derivative thereof
in preparation of anti-prostate hyperplasia drug, CN104013611B. China patent 2014.

https://doi.org/10.26434/chemrxiv-2024-4cvgh ORCID: https://orcid.org/0009-0007-8890-7676 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0


https://doi.org/10.26434/chemrxiv-2024-4cvqh
https://orcid.org/0009-0007-8890-7676
https://creativecommons.org/licenses/by/4.0/

113.  Zhou Rongguang, Z.Q., Kunming Pharmaceutical Corp, Compound, preparation method
and application thereof, pharmaceutical composition and preparation, CN103755692A.
China patent, 2014.

114. Tenghou Lei, W.W., Hainan Deze Pharmaceutical Research Co., Ltd., Mangiferin-
berberine salt, manufacturing method and use thereof, WO2010145192A1. China patent,
2010.

https://doi.org/10.26434/chemrxiv-2024-4cvgh ORCID: https://orcid.org/0009-0007-8890-7676 Content not peer-reviewed by ChemRxiv. License: CC BY 4.0


https://doi.org/10.26434/chemrxiv-2024-4cvqh
https://orcid.org/0009-0007-8890-7676
https://creativecommons.org/licenses/by/4.0/

