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Abstract: Bruguiera gymnorhiza (L) Lamk is one of mangrove plants that commonly used as
traditional food and medicine. As traditional medicine, it needs information on contained
compound in the hypocotyls of B. gymnorhiza. In general, compound insulation only applied
to the flowers, barks and leaves of B. gymnorhiza, while isolation from hypocotyls was not
much practiced. The existence of antioxidant compounds in hypocotyls of B. gymnorhiza was
essential information for the development of functional food and pharmaceuticals. This study
aimed to isolate and identify the structure of the active compounds of the most active
antioxidant in ethyl acetate fraction hypocotyls of B. gymnorhiza. Methods for isolation and
identification of active antioxidant compounds are: maceration, evaporation, partitioning, and
the structure determination of the compound. The results showed that the fraction of F4.80 to
F4.120 produces a single spot stains and high antioxidant activity. Structure identification of
the active antioxidant compounds was performed using >C-NMR spectrum and '"H-NMR 2D.
Based on the results of the reading on 135° DEPT, 'H-'H-COSY, HMQC, and HMBC, the
compound target has 29 carbon atoms, 50 hydrogen atoms and two oxygen atoms with
molecular formula CyyHs0O,. This compound is a derivative phenolic compound with
molecular structure resembles the structure of the compound of a-tocopherol.

Keywords: active antioxidant compounds, Bruguiera gymorhiza (L) Lamk., ethyl acetate
fraction.

Introduction

Bruguiera gymnorhiza (L) Lamk is an important mangrove plants, which it hypocotyls can be used as
an alternative source of food, functional food"?, pharmaceutical and adhesive materials®. Similar to other
mangrove plants, many compounds of B. gymnorhiza (L) Lamk contain steroids, saponins, tannins (condensed
and hydrolysable tannins), flavonoids (flavan and polymeric flavan), carotenoids, anthocyanins, terpenoids
(diterpene and triterpene), gibberelin, fatty acids, carbohydrates, salts, minerals and proteins®>. Isolation results
of bioactive compounds from B. gymnorhiza (L) Lamk includes one neolignans compound (dioctadecyl (7R*,
8S *, E) -3-hydroxy-5, 5'-Dimethoxy-8-3 ', 7-O-4'- neolign-7'-ene-9, 9'-dioate), 4 diterpenes compounds: (a)
ent-13, 16B, 17-trihydroxykaur-9 (11) -en-19-oate; (b) beyeran-19-al-16 —one; (c) steviol, and (d) methyl ent-
16, 17-dihydroxykaur-9 (11) -en-19-oate), one glycosides (daucosterol), one long chain fatty alcohols
(triacontanol), one long chain fatty acid (septadecanoic acid), two sterols (cholestol, and stigmasterol), one
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aromatic (methyl 4-hydroxybenzoate) and omne triterpenes (oleanolic acid). The majority of these bioactive
compounds have activity as natural antioxidants.'*

Natural antioxidants generally have a hydroxyl group (OH) in the molecular structure, thus some
components of antioxidant in plants can be identified based on its free radical scavenger'™'® Bioactive
compounds in the hypocotyls of B. gymnorhiza have high antioxidant activity with ICs, values below 20 ppm
a7 other sources mentioned at 9.42 ppm'®,

Antioxidants are essential compounds that give a positive effect on cardiac arteries (cardiovascular),
blockage of blood vessels (atherosclerosis), cancer and aging prevention '*. The human body does not have a
reserve of antioxidants in excessive amounts, thus in case of excessive exposure to free radicals, the body
requires exogenous antioxidants. There are worries of possible side effects and carcinogenic properties of
synthetic antioxidants® causes a natural antioxidant become an alternative requirement ">,

Isolation and identification of active antioxidant compounds of B. gymmnorhiza (L) Lamk generally
assessed from the flowers, barks and leaves. Meanwhile the insulation on the fruit (hypocotyls) has not been
conducted. Yet the information is required for the development of functional food and pharmaceutical
ingredients. Therefore, this study aimed to isolate and identify the structure of the active antioxidant compounds
in the hypocotyls of B. gymnorhiza which most active in the ethyl acetate fraction.

Materials and Methods
The Main Ingredient

The purple hypocotyls of B. gymnorhiza (L) Lamk were taken in the period July-September 2013 from
the coastal location of mangrove forests Sawohan Village, Sidoarjo, East Java, Indonesia.

Chemical material:

We used chemicals that categorized as PA (Pro Analysis), i.e. methanol, ethanol, ethyl acetate, distilled
water, n-hexane, chloroform, deuterium, silica gel F-254, the TLC plate. Chemicals for the isolation and
identification were obtained from Chemical Research Laboratory of Padjadjaran University at Bandung and
Indonesian Institute of Sciences (LIPI) Laboratory, Chemical Research Center, Serpong Jakarta.

Preparation of raw materials:

Hypocotyls of B. gymnorhiza from study sites were selective on purple color. It washed by water and
put in a dark plastic bag to be taken to the laboratory. Samples in the form of dry powder were obtained by
following steps. Hypocotyls was sliced crosswise and thinly using a slicer into chips. The chip was then dried
using a vacuum drying (temperature: 50°C, pressure: -70 mmHg) for 8 hours, downsizing using attrition mill.
The water content of the dry powder was 7.73 + 0.09% (dry weight).

Isolation and identification of active compounds antioxidant
Maceration ** (modified):

Hypocotyls powder of B. gymnorhiza was immersed in the liquid methanol (1:5) for 3x24 hours in the
dark and closed containers. Samples were stored in a room protected from light with maintained room
temperature. During the maceration, solvent was replaced every 1x24 hours. Maceration results were filtered by
vacuum filter to obtain filtrate and residue. The filtrate of maceration from first, second and third day were
collected to be evaporated.

Evaporation® (modified):

The filtrate was put in vacuum rotary evaporator (Buchi 144 type) at temperature of 45°C and pressure
of 360 mbar. Evaporation process was not terminated until the distillate produced methanol again. Extract was
stored in dark bottles and stored at temperatures 4°C.
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Partition n-hexane fraction, ethyl acetate fraction and the fraction of H,O 2 modified:

Ethyl acetate fraction obtained from the methanol extract of B. gymnorhiza (L) Lamk through 2 phases.
Phase 1 was making the fraction of n-hexane and Phase 2 was ethyl acetate fraction. Phase 1: methanol extract
of B. gymnorhiza’s hypocotyls dissolved in n-hexane: water=1: 1 (v/ v). It was shook in a flask separator for 15
minutes, and kept for 24 hours. The yellow n-hexane fraction will be at the top of a flask separator. Then, n-
hexane fraction was taken and stored in vials. Remaining H,O fraction in the flask separator re-dissolved with
n-hexane:H,O 1:1 (v/v) to obtain a fraction of n-hexane again. This partition was done repeatedly until we
obtained a clear n-hexane fraction. Fraction of n-Hexane results in a partition vials were collected and
evaporated until all n-hexane evaporates. Phase 2: The left water fraction at the bottom of the separation flask
partitioned using ethyl acetate: H,O 1:1 (v/v). By the same procedure as the partition with n-hexane, it will
obtain the ethyl acetate fraction. The results as whole partition are the fraction of n-hexane, ethyl acetate
fraction and water fraction.

Isolation of active antioxidant compounds ethyl acetate fraction > (modified):

Ethyl acetate fraction further elucidated to obtain pure compounds that have antioxidant activity. Ethyl
acetate fraction was separated and column chromatography using a gradient of 10% (v/v) n-hexane-ethyl
acetate for the target compound fraction F1, gradient of 5% (v / v) n-hexane-ethyl acetate for the target
compound fraction F2, gradient of 1% (v/v) H20-methanol for the target compound fraction F3. Fraction F3
further elucidated with isocratic chromatography column with eluent n-hexane-ethyl acetate 95:5 (v/v). Spot
stain pattern observed with UV light A 254 nm, A 365 nm, and the spraying of 10% H,SO,. The antioxidant
activity was observed by TLC plate in the DPPH immersion of 0.05%. Eluent resulted in fractions with a
separate stain spots, had a high antioxidant activity and the number of large masses chosen as the target
compound. When the results of the TLC identification provided a single spot, the continued determination of
the structure of the target compound with a *C-NMR spectra and 'H-NMR 2D.

Determining the structure of the compound >>** (modified):

Pure compounds isolated released from organic solvents. Then diluted with solvent deuterium
compounds and measured shift. The results of *C-NMR, 'H-NMR 2D spectrum subsequently determined the
structure of compounds by methods 135° DEPT, 'H-'"H-COSY, HMQC, and HMBC 2

Results and Discussion
Isolation and identification of active compounds antioxidant

Isolation and identification of active compounds antioxidants can be done by using column
chromatography and thin layer chromatography (TLC). Column chromatography fractions produce better
results based on the level of the polarity of the eluent. While TLC used for the identification of pure compounds
by elucidating fractions partition column chromatography results. TLC spot stain pattern can be seen with UV
light irradiation A 254 nm, A 365 nm, and spraying with 10% H,SO,. The activity of antioxidant compounds
can be viewed by dipping the TLC plate in 0.05% DPPH in ethanol.

F1 fraction of target compounds present in fractions F1.2 with a mass of 2.3 g. Single spot of F1.2 was
evident at A 365 UV irradiation and spraying H,SO, 10%, while the high antioxidant activity was evident with
immersion DPPH a 0.01% (Fig. 1). Elucidation of fraction F1.2 produce stain spots with high antioxidant
activity in fractions F2.12, F2.14 fractions and fractions F2.15. Among these fractions F2.14 with a mass
fraction of 1.4 g was chosen as the target compound F2, because the fraction of the F2.14 provides more
separate spot stain and the amount is less than the other fractions (Fig. 2).
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Fig. 1. TLC fractions F1.2 - F1.6 with n-
hexane: ethyl acetate solvent (4: 1)
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Fig. 2. TLC F2.12 - F2.17 with n-hexane: ethyl
acetate solvent (9.5: 0.5)
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Fig. 3. TLC fractions F3.7 - F3.8 with
methanol solvent
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Fig. 4. TLC F4.80 and F4.120 with n-hexane:
ethyl acetate solvent (95: 5)
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Fig. 5. TLC reversed-phase fraction F4.80-F4.120
with methanol
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Fig. 1-5. Isolation and identification of active antioxidant compounds fraction of ethyl acetate (a) Viewed
under UV 254 nm, (b) Viewed under UV 365 nm, (c) Sprayed with 10% H,SO, in ethanol, and (d) Dipped

in a solution of 0.05% DPPH in methanol

Results elucidation fraction F2.14 produce stain spots on the active antioxidant fractions F3.7 and F3.8
with the distance and the same pattern of staining (Fig. 3). Both fractions were selected as target compounds F3.
The combined mass fraction of F3.7 and F3.8 is 150 mg. For further elucidation of F3.7 and F3.8 fraction, we
conducted isocratic column chromatography to obtain the target compound F4. Single spot stains resulting in
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fractions of up F4.120 F4.80 with a mass of 96.4 mg (Fig.4). To prove that the fraction of the F4.80 - F4.120
only have 1 spot stains, it is necessary to reverse TLC phase with eluent methanol. Results reversed phase TLC
(Fig. 5) gives a single spot stain on UV radiation A 254, uv A 365 and spraying 10% H,SO4. Subsequently
reversed phase TLC said as a pure compound.

Structure determination of antioxidant active compounds

Based on data from *C-NMR spectrum and "H-NMR, targeted antioxidant active compounds have 29
carbon atoms, 50 hydrogen atoms and two oxygen atoms with molecular formula C,oHs¢0,.
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Figure 6. "C-NMR spectrum of the target compound (a) above 100 ppm; b) and c) below 100 ppm.

Fig.6 (a,b,c) showing signs of carbon. C1-C6 is a double carbon bond because the signal is above 100
ppm (Fig. 6a.). Sixth carbon is thought to form benzene ring which gives the value of DBE 4. While one
another DBE value is derived from the cyclization carbon single bonds. Other carbon signals (C7-C28) is a
single bond with the carbon signal values below 100 ppm>**® (Fig. 6b and Fig 6¢). By comparing the "*C-NMR
spectral data with DEPT spectral data and HMQC spectrum, known target compound having seven carbon
quarterner (-C-), three carbon metin (-CH), eleven carbon methylene (-CH,) and eight carbon methyl (-CHj; ).

DEPT data provide information C1-C7 carbon is quaternary carbon (-C-), carbon C13, C14 and C16 are
metin carbon (-CH). Then eleven carbon methylene (-CH,) is C8, C9, C10a, C10b, C11, C12, C15, C17, CI8,
C22 and C23. Furthermore, there are eight-carbon methyl ( -CH; ) is C19, C24, C25, C26, C27 and C28.

HMQC spectrum of interpretation of the data will be obtained correlation or relationship between
proton and carbon as a bond. This spectrum to determine the specific allegations of a carbon bonded to protons

and how many protons are bonded to the carbon *****’. HMQC spectrum data reinforce and ensure data DEPT
spectrum.

'H-NMR spectrum of informing the number, type and environment of each proton contained in a
compound. 'H-NMR spectral data of target compounds in Fig. 9 shows eight methyl hydrogen signal that the
chemical shift of 2.16 (3H, s), 2.11 (6H, s), 1.23 (3H, s) and 0.83 -0.87 (12H) ppm. Signal hydrogen hydroxy (-
OH) is available at 4.18 (1H, s). Proton signal at 2.60 (2H; t) indicates the presence of methylene (-CH2) which
has two neighboring hydrogen. Other hydrogen signal is a signal of hydrogen to the aliphatic chain.
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Fig. 7. "H-NMR spectrum of target compounds (500 MHz in chloroform-D)

Spectrum HMBC (Heteronuclear Multiple Bond Connectivity) can be used to determine the position of
functional groups in a compound with the correlation between the proton and carbon a distance of two to three
bonds (2] and 3J), but sometimes capable of measuring up to four bonds (4J) **?%*. HMBC spectral data of
target compounds show that there is a correlation between protons of hydroxyl (-OH) with C5, proton
correlation methyl (-CH;) to C28 (H28) for C1 and CS5, proton correlation methyl (-CHs) to C27 (H27) with C1,
C3 and C4, and correlation proton methyl (-CH3) to C26 (H26) with C2, C3 and C4. Third correlation methyl
protons (-CHs) is (H26, H27 and H28) with some carbon shows that the position of the OH group bonded to C1,
where C1 is the neighboring carbon C3 and C5. This group is at benzene ring (aromatic system) because the
carbon C1-C5 which is correlated with one another is a sp2 carbon.

Methylene (-CH,) of carbon C23 correlated with C6. Correlation C16 to C15 C6 reinforces that are in
addition to C23. Substituents at C2 allegedly are O or N atoms because the value of the shift is similar to the C1
binding OH group. C15 fragment containing further established by HMBC spectrum interpretation. Correlation
C23 and C15 are suspected of mutual neighbors, this was confirmed by the correlation of C15 to C23
Hydrogen. Correlation atoms C2, C6, C23, C15 and C7 form a cyclic furan, the oxygen atom is located between
C2 and C7. Illustration alleged ring structure formation / cyclic furan, shown in Figure 8.
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Fig 8. Alleged cyclic / furan ring formed by C2, C6, C7, C15 and C23

Fragments HMBC spectrum interpretation results, showing that C19 (methyl) have the relationship
with the C7, C8 and C15. C7 atom which is oxygenated quaternary carbon binds the three more carbon C8
(methylene), C15 (methylene) and C19 (methyl).

1H-1H COSY provides information regarding the correlation of H-23 to H-15. Correlations of H-16
with geminal methyl hydrogen (H-20 and H-21), the correlation of hydrogen methyl C24 and C25 respectively
to carbon metin (-CH) at C13 and C14. Correlation of Hydrogen methylene (-CH2) on C12 with hydrogen
methylene (-CH2) at C10a, C10b and C11. All correlations were obtained from the interpretation of 1H-1H
COSY spectrum is the formation of aliphatic chains. Based on the NMR spectrum of the fragments, we
obtained as following Fig 9.
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Fig. 9. Fragments of the target compound

Table 1. Chemical shift data of 1H-, 13C- and 2D-NMR target compound.

No | dc(ppm) dy (ppm) DEPT HMBC COSY

1 145,7 - C - -

2 144,7 - C - -

3 122,8 - C - -

4 121,2 - C - -

5 118,6 - C - -

6 117,5 - C - -

7 74,7 - C - -

8 39,9 1,56 (2H; m) CH, - -

9 39,5 1,14 (2H; m) CH, - -
10-a 37,6 1,26 (2H; m) CH, - H-12
10-b 37,6 1,26 (2H; m) CH, - H-12

11 37,6 1,26 (2H; m) CH, - H-12

12 37,4 1,05 (2H; m) CH, - H-10, H-11

13 32,9 1,40 (2H; m) CH - -

14 32,8 1,40 (2H; m) CH - -

15 31,2 1,78 (2H; m) CH, C-6,C-7,C-8, C-23 H-23

16 28,2 1,52 (1H; m) CH - -

17 24,9 1,26 (2H; m) CH, - -

18 24,6 1,26 (2H; m) CH, - -

19 23,9 1,23 (3H; s) CH; C-7,C-8,C-15 -
20 22,9 0,87 (3H; s) CH; C-16, C-20, C-21,C-9 -
21 22,8 0,86 (3H; d;) CH;, - -
22 21,2 1,35 (2H; m) CH, - -
23 20,9 2,60 (2H; 1) CH, C-6,C-7 H-15
24 19,9 0,84 (3H; d) CH;, C-10, C-12, C-14 H-14
25 19,8 0,83 (3H; s) CH; C-10,C-11, C-13 H-13
26 12,4 2,16 (3H; s) CH; C-2,C-3,C-4 -
27 11,9 2,11 (3H; s) CH; C-1,C-3,C-4 -
28 11,5 2,11 (3H; s) CH; C-1,C-5 -

1864
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Based on data from the NMR spectrum, the structure notion of the active compounds is in the form of
targeted antioxidant phenolic derivatives. To support the notion of structure, NMR data is compared with the
target compound o-tocopherol compounds **** which is derived phenolic compounds (Table 2 and Fig.10).

Fig.10. Alleged target compound structure

Comparative data value 1H- and 13C chemical shift NMR-active compounds targeted antioxidant o-
tocopherol compounds 2*?* can be seen in Table 2. The structure of comparative compounds can be seen in
Fig.11.

Fig.11. Structure of a-tocopherol

Chemical shift data similar to the data target compound a-tocopherol chemical shift. The chemical shift
difference is caused by differences in the solvent used at the time of measuring the NMR and power tools used
NMR spectroscopy.

Table 2. Data 1H- and 13C-NMR target compounds and a-tocopherol.

dc (ppm) du (ppm)
No | Position Target a-tocopherol Target a-tocopherol
compound compound
7 2 74,7 74,6 - -
15 3 31,2 31,6 1,78 2H; m) | 1,78 (2H; m)
23 4 20,9 20,8 2,60 (2H; 7) 2,62 (2H; 1)
5 5 118,6 118,5 - -
1 6 145,7 145,6 - -
3 7 122,8 122,6 - -
4 8 121,2 121,1 - -
19 2a 23,9 23,8 1,23 (3H; s) 1,25 (3H; s)
6 4a 117,5 116,4 - -
28 Sa 11,5 11,2 2,11 (3H; s) 2,13 (3H; s)
27 7a 11,9 11,8 2,11 (3H; s) 2,13 (3H; s)
2 8a 144,7 144,6 - -
26 &b 12,4 12,2 2,16 (3H; s) 2,14 (3H; s)
8 I' 39,9 39,9 1,56 (2H; m) -
22 2' 21,2 21,1 1,35 (2H; m) -
10 3 37,6 37,3 1,26 (2H; m) -
13 4 32,9 32,8 1,40 (2H; m) -
11 5 37,6 37,5 1,26 (2H; m) -
18 6' 24,6 24,5 1,26 (2H; m) -

a) Varian Mercury plus 400 NMR spectrometer
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b) Spectrometer JEOL

Conclusion

The results of column chromatography isolation and identification of TLC showed that the fraction of
F4.80 to F4.120 have high antioxidant activity with a single spot stain. Pure compounds were obtained at 96.4
mg of 22.2 g of ethyl acetate extracts hypokotil B. gymnorhiza.

Based on the analysis 135° DEPT, "H-"H-COSY, HMQC, and HMBC, the structure of the active
compounds antioxidants fraction F4.80 - F4.120 has 29 carbon atoms, 50 hydrogen atoms and two oxygen
atoms (C,9Hs00,). This compound is a derivative of phenolic compounds with molecular structure resembles
the structure of a-tocopherol compounds
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