






















file://///Users/kellycorreia/Desktop/THESIS/Full%20Masters%20thesis%20docx%20copy%202%20(1).docx%23_Toc98702427
file://///Users/kellycorreia/Desktop/THESIS/Full%20Masters%20thesis%20docx%20copy%202%20(1).docx%23_Toc98702429














































































































































Table 2: NMR interpretation of compound 1

IH-shift
Position/ . .
o (integration,
position 13 . Most
C-shift (ppm) o .
on the multiplicity), importantJ
structure. coupling HMBC
(ppm)
1/C8 139,6 (C) - - H-9, H-14
5,09 (H,dd) 8,8Hz & 3
2/C22 138,1 (CH) (mixture) 15 2Hz H-20, Hy — 21, H-23
8,4Hz & H-20, H-22, H-24, H-
3/C23 129,5 (CH) 4,96 (H, brs) 15 2Hz 25, H, — 28,
4/C7 117,5 (CH) 5,09 (3H, dd) H-a, H-14
5/C3 71,1 (CH) 3,53 (H, m) H-1b, H-2b, H-4
H, — 12, H-15a, H, — 16,
6/C17 55,9 (CH) 1,187 (H, m) H, — 21, H-22
7/C14 55,1 (CH) 1,74 (H, m) H-12b, H-15b, H; — 18
H-22, H-23, H-25, H-28,
8/C24 51,2 (CH) 1,47 (H, m) H; —26,H; — 26,H; —
27,H; — 29
H-7,H, — 12,H —
9/C9 49,5 (CH) 1,58 (H, m) 14, H, — 19
- - H, —11,H12a,H
10/C13 43,3 (C) 15, H, — 16, Hy — 18
11/C20 40,8 (CH) 1,95 (H, m) H—21,H—-22,H-23
H-1b, H, — 4, H —
12/C5 40,3 (CH) 1,33 (H, m) 7 He — 19
13/C12 39,6 (CHy) L4 &;593 (H, H-9,H; — 18
14/C4 38,0 (CHy) Lo ml),20 H, H-5, H-2b
15/C1 37,2 (CHy) 1,755 8;5’01 H, H, —9,H; — 19
16/C10 342(C) ) ) H-1b, H—4b1,9H-2b, Hy —
H'23, H3 - 26, H3 -
17/C25 31,9 (CH) 1,47 (H, m) 27 H — 284
18/C2 31,5 (CH») L3& n})’31 (H, H-1b, H, — 4
19/C6 29,7 (CHy) 1198 ‘%'69 H, H-7
20/C16 28,5(CH,) 1.8 &;},)201 H, H-12b, H-15a, H-17
21/C28 25,4 (CHy) 1,34(H, m) H-23, H; — 29
22/C15 23,0 (CHy) 143 &ml)'32(H’ Hy —16,H — 17
23/C11 21,6 (CHy) 151 &ml)'4o(H’ H-9, H, — 12
24/C21 21,4 (CHs) 0,962 (3H, d) J=6,8Hz Me H-17, H-20, H-22
25/C26 21,1 (CHs) 0,78 (3H, d) J=6,4HzMe  H; —27
26/C27 19,0 (CH3) 0,76 (3H, d) J=6,0HzMe  H; —26
27/C19 13,0 (CH3) 0,73 (3H, 9) H-la
28/C29 12,2 (CH3) 0,75 (3H, 1) J=7T2HzMe  H,—28
29/C18 12,0 (CH3) 0,48 (3H, s) H-12a, H-14, H-17
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Research on phytoestrogens found in the Pueraria roots was conducted by Gook-che and
associates (Daejeon, 2005). The roots were found to be mainly used as a rejuvenating folk
medicine. Investigations on the toxicity of the Spinasterol in several cancer cell lines was
conducted, and it was found that the Pueraria roots possess anti-tumor, anticancer activities
and antiproliferative effects (Shattock, 2003).

4.1.2 Structure elucidation of Palmitic Acid (compound 3) and linoleic Acid
(compound 4) found in the hexane extract.

Hex 5 fraction (compound 3 and 4) was obtained from fractions 16-26 taken from the main
hexane extract column. Compounds with the same retention factor were combined followed
by evaporation. The sample was further purified in order to isolate the desired compounds. To
perform the isocratic elution, a smaller column was utilized and run using 100 % MeOH
(methanol), where fractions 4, 5 and 6 were obtained, and screened with a solvent system of
80 % Hexane and 20 % EtOAc in the TLC plate tank. Moreover NMR characterization post
isolation was conducted. The compounds were isolated as a mixture. In the mixture there were
two compounds found, palmitic acid and linoleic acid. Palmitic acid was the most abundant
compound out of the two, hence, the focus was-on the palmitic acid when analysing the NMR
Spectra and GC-MS spectra. From the *H-NMR, **C-NMR, DEPT, COSY, and HMBC spectra
the compounds were identified to be of typical terpenes. The peaks identified as the "typical”
fatty acid peaks are 2 triplets, a singlet, and a multiplet. at (6¢ 2) 6-1.40ppm (2H,t), (6¢ 16) 5-
0,91ppm (3H,t), (&¢ 3) 6-2.32ppm (2H,s), (d¢ 15) 6-1.39ppm (2H, M). Spectra 9, 10,11,12 and
13 for NMR and spectra 14, 15 and 16 for GC-MS.
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Table 3: NMR Interpretation of compound 3

Position/ position  3C-shift (multiplicity), (ppm) 1H-shift

on the structure. (integration, multiplicity), (ppm)

1 178,39 (C) -

2/C16 130,24 (CH,) 0.91 (3H,1)
3/C15 33,76(CHy) 1.39 (2H,m)
4/C14 31,90(CH,) 1.31 (2H,m)
5/C13 31,54(CH,) 1.31(2H,m)
6/C12 27,22(CH,) 1.31(2H,m)
7/C11 29,15(CH.,) 1.31(2H,m)
8/C10 29,15(CH,) 1.31(2H,m)
9/C9 29,15(CH,) 1.31(2H,m)
10/C8 29,15(CH,) 1.31(2H,m)
11/C7 29,15(CHsy) 1.31(2H,m)
12/C6 29,15(CHy) 1.31(2H,m)
13/C5 29,15(CHs) 1.31(2H,m)
14/C4 29,15(CH,) 1.31(2H,m)
15/C2 29,15(CH,) 1.40 (2H,1)
16/C3 29,15(CH,) 2.32 (2H.3)

17 OH 9.78

Palmitic acid was found in marine red algae, Amphiroa zonata. It was found to contain selective

cytotoxicity to human leukemic cells by inducing apoptosis. It was also found that palmitic
acid does not affect DNA topoisomerase Il, which then suggests that palmitic acid may be a

lead for anti-cancer drugs (Jeon et al., 2005).
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4.1.3 Compounds found in EtOAc and BUOH extracts

Post fractionization of the columns, eight fractions were chosen. Withing these eight, five
fractions were collected from the column eluent with EtOAc, and three were collected from the
column eluted with BuOH. The fractions were then prepared, and submitted for LC-MS
analysis. The below fractions were selected according to the number of compounds viewed on
TLC. These possessed low value yields, after the attempt on the isolation of compounds. View
Table 4 .

Table 4: EtOAc and BUOH fractions sent to LC-MS

Fraction name Extract Weight
C13-C14 (91-110) BuOH 5,5mg
K9 (208-215) EtOAC 5,6mg
C17 (96-102) BUOH 8,5mg
K29 (128-140) EtOAC 9,2mg
K32 (181-190) EtOAC 9,9mg
K33 (201-207) EtOAC 7,4mg
LV3 EtOAc 0,6mg
C13-C14 (4-7) BUOH 0,03mg

A set of LC-MS data was received from the University of Stellenbosch post analysis of the
eight given samples. Compounds were characterized utilizing the following data bases: Global
natural products social molecular network, FoodDB, STOFF (environment), KNApSAcK
(Natural product), PubChem (biomolecules), PlantCyc (plant), ChBI (Biomolecules),
NANPDB (Natural product), UNPD (Natural Product)
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Table 5: LC-MS of EtOAc and BuOH extracts

Compounds Found

Compound

Average

number Rt (min) Average Mz Structure Rank

5 3.289 121.02876 Benzoic Acid

6 4.621 225.11133 Tuberonic acid

7 4.621 243.12206 Pandangolide 1a

8 5.632 267.02768 Coumesterol

9 4.338 269.04468 Apigenin

10 4.977 281.08237 5,7-Dimethoxyflavone

11 5.082 285.03842 Kaempferol

12 4.977 293.08362 Dehydrocycloguanandin

13 4.389 299.05392 Chrysoeriol

14 4.674 313.07132 Cirsimaritin

15 6.561 313.12134 Cribrostatin 5

16 4,992 341.10123 4'5,6,7-Tetramethoxyflavone

17 4.988 353.10263 (+)-Sesamin

18 4.988 371.11349 Sesamolinol

19 4.108 403.1041 Chalconaringenin 2'-xyloside

20 4.07 419.17023 Eupaformosanin

21 5.029 431.13525 Medicocarpin

Schizandrin;(+)-Schizandrin;Schisandrol

22 3.378 431.20508 A;Wuweizichun A

23 3.697 441.215 Jatamanvaltrate G;(-)-Jatamanvaltrate G

24 10.819 457.32974 Platanic acid

25 2.918 467.16714 Varixanthone

26 3.543 471.2012 Kushenol H

27 5.609 477.11978 Phelligridin F;(-)-Phelligridin F

28 4.108 483.16541 Diversolide G
(-)-(7"R,8"S)-4",5,7-trihydroxy-3',5'-dimethoxy-

29 5.497 495.12512 4',8"-oxyflavonolignan-7",9"-diol

30 6.775 495.26041 Ninandrographolide;Andropanoside

31 10.166 499.3389 Poricoic acid H;(+)-Poricoic acid H

32 7.19 503.33783 Myrianthic Acid
Icariside Il;Baohuoside 1;3-[(6-Deoxy-alpha-L-

mannopyranosyl)oxy]-5,7-dihydroxy-2-(4-

methoxyphenyl)-8-(3-methyl-2-butenyl)-4H-1-

33 4.116 513.17542 benzopyran-4-one

34 4.337 539.09674 Volkensiflavone

35 4.812 555.21954 Rubriflorin A

36 5.236 585.2337 Baccatin I11;(-)-Baccatin 111
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After obtaining the LC-MS data sheet, the raw files provided by Mr Taylor from the University
of Stellenbosch were placed in the Global natural products social molecular network database

and the following compounds were found.

Table 6: Global Natural Products Social Molecular Network
database compounds

Compound Average Mz Peak Structure rank Spectra
number

number

37 621.109 269.0 4’-O-GIcA-7-OGIcA 17

Apigenin
38 769.22 300.2 7-O-Methylquercetin- 18
3-O-galactoside-6"’-
rhamnoside
39 621.341 109.0 3-O-protocatechuoyl 19

ceanothic acid

Insufficient literature on 4’-O-GIcA-7-OGIcA ‘apigenin ~'and 7-O-methylquercetin-3-O-
galactoside-6"-rhamnoside was provided on 'the database and various others besides the

certitude of them being natural products.

4.1.4 Literature review on compounds obtained through LC-MS

3-O-protocatechuoyl ceanothic acid

3-O-protocatechuoyl ceanothic acid, is found in plants and foods such as olives. This compound
possesses antioxidant, anti-inflammatory, anti-apoptotic, antihyperglycemic activities
(Semaming et al., 2015).

Benzoic Acid

Benzoic Acid is also known as phenylformic acid. It is an aromatic carboxylic acid naturally
present in plants and animal tissues. This may be found in some berries(cranberries,

strawberries), prunes, apples, yogurt, cayenne pepper, and other foods. Benzoic Aacid prevents
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infections caused by bacteria hence acting as an antibacterial and antifungal. Benzoic acid can
treat skin irritations and inflammation caused by insect bites, burns, or eczema, they also
possess antioxidant properties, are used as flavouring agents in food, used in the production of
cosmetics, hygiene and other pharmaceutical products. They are active ingredients in pesticide
products and biocidal products in veterinary hygiene .(Khotimchenko, Vaskovsky en
Titlyanova, 2002).

Tuberonic Acid

Tuberonic acid is an oxo monocarboxylic acid, and it can be found in jasmonic acid in potatoes.
They act as antimicrobials, possess insecticidal functions and they regulate the defence

mechanisms (del Olmo, Calzada en Nufiez, 2017).

Pandangolide 1a

Pandangolide 1a has been isolated from the Cladosporium fungus which was extracted from
the red sea sponge Niphates rowi; and it is said to possess anti-cancer and anti-inflammatory
activities (Wakuta et al., 2010).

Coumesterol

Coumesterol is a phytochemical arganic compound, first identified in ladino clover and alfalfa.
It can also be found in soybeans, brussels sprouts, spinach, and many other different legumes.
Coumesterol mimics the bioactivity of estrogen, it has antioxidant properties, and it's an anti-
inflammatory agent. Coumesterol also has the ability to decrease bone resorption and promote
mineralization of the bone. Daily injections of coumesterol have shown to reduce bone loss in
rats. It also decreases ovarian weight and increases apoptotic cell death in ovaries of adult rats
exposed during lactation (Hill, 2006).

Apigenin

Apigenin is found in a variety of plants such as, fruits, vegetables, and Chinese herbs. It
possesses anti-inflammatory, antioxidant, antibacterial, and antiviral functions and it is also
used as a blood pressure reducer. Apigenin also triggers cell apoptosis and cell autophagy,
induces cell cycle arrest, suppresses the cell migration and invasion in the organs and it helps
stimulate immune responses being a great candidate for an anti-cancer agent (Moon et al.,
2009).
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5,7-Dimethoxyflavone

5,7-Dimethoxyflavone, is found in Kaempferia parviflora. The Kaempferia parviflora has been
found to possess various types of activities such as; cellular metabolism-regulating, anti-cancer,
cardioprotective, neuroprotective, antiallergic, anti-inflammatory, due to the 5,7-
dimethoxyflavone which is the specific compound responsible for its anti-inflammatory
activities (Yan et al., 2017).

Kaempferol

Kaempferol is a polyphenol flavonoid found in a variety of plants such as, kale, beans, spinach,
and broccoli. It reduces the risk of chronic diseases such as-cancer by augmenting the human
body's antioxidant defences against free radicals. It also inhibits apoptosis, angiogenesis,

inflammation, and metastasis (Chen et al., 2018).

Dehydrocycloguanandin

Dehydrocycloguanandin was isolated from the mangrove plant and it is known to have

antinociceptive, anti-inflammatory, and antipyretic activities (Chen en Chen, 2013).

Chrysoeriol

Chrysoeriol is an anti-inflammatory and diabetic control activity containing flavonoid found in
the methanolic extract of the Cardiospermum halicacabum and Gladularia selloi. This
compound also shows activities of plasma reduction in glucose, hemoglobin, and glycosylated

hemoglobin, while rising the plasma insulin sensitivity (Shilpi et al., 2012).

Cirsimaritin

Cirsimaritin is a strong antioxidant, antimutagen, antibacterial compound found in Baccharis
trimera less also known as Carqueja, a folk medicine commonly used in Brazil to prevent
cancer and increase antimutagens and antitumor promoting activities, it is also found in

Rosmarinus officinalis L. and other medicinal plants (Krishnan et al., 2020).
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Cribrostatin 5

Cribrostatin 5 is one of the five Cribostratin compounds found and isolated from the marine
sponge Cribrochalina species in the Republic of the Maldives. Compounds, Cribostratins 3, 4,
and 5 provide cancer cell line inhibitory activities, antibacterial and antifungal activities.
Cribostratins 1-5 are also sources for strong antibiotics production due to their antibiotic

activities. (Nakasugi en Komai, 1998)

4' 5,6,7-Tetramethoxyflavone

4'5,6,7-Tetramethoxyflavone, isolated from the peels of the Citrus aurantium and Citrus
reticulata blanco cv. Ponkan, possesses antimutagenic, anticarcinogenic, and antitumor
activity (Pettit et al., 2000) which show antiproliferative activities against cancer cells (Chen,
Montanari en Widmer, 1997).

(+)-Sesamin
Sesamin, isolated from the Sesamum indicum also known as sesame seeds/ sesame oil,
possesses antioxidant, anti-diabetic, anti-obesity, anti-thrombotic, anti-hypertensive, and anti-

inflammatory properties preventing cardiovascular diseases. (Du en Chen, 2010).
Sesamolinol

Sesamolinol like Sesamin isolated from the Sesamum indicum, possesses antioxidant, and anti-

inflammatory properties. (Dalibalta, Majdalawieh en Manjikian, 2020).

Chalconaringenin 2'-xyloside

Chalconaringenin 2'-xyloside was isolated from the ethanol extract of the Uzbek medicinal
plant Helichrysum maracandicum, it contains anticarcinogenic properties and antiproliferative

activity (Taylor, no date).

Eupaformosanin

Eupaformosanin, isolated from Eupatorium formosanum (Lee et al., 1977), is an antitumor,
antileukemic, and antisarcoma agent with the purpose of affecting the nucleic acid and the

protein of Ehrlich Ascites carcinome cells(Yagura et al., 2008). Eupaformasanin also acts as
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an antineoplastic agent in the cells metabolisms inhibiting deoxyribonucleic acid synthesis (Lee
etal., 1977).

Medicocarpin

Medicocarpin is a flavonoid derivative from the Ononis Sicula Guss species mainly found in
Egypt and from the Glycyrrhiza pallidiflora hairy root species. It is utilized in skin care
products due to its anti-aging, anticancer and antioxidant properties (Oliveira en Rodrigues,
2018).

(+)-Schisandrin;Schisandrol A;Wuweizichun A

Schisandrol A has been isolated from the Schisandra Chinensis bail fruit (Kwon et al., 2018).
Schisandrin or otherwise called Schisandrol A is the main active ingredient in the fruit, and it
has been studied and found to possess-anti-inflammatory, and antioxidant effects, it has a

protective effect on induced sepsis lipopolysaccharides (Hall et al., 1980).

Jatamanvaltrate G

Jatamanvaltrate G was isolated from the Valeriana jatamansi plant species and it is considered
an iridoid compound (Ma et al., 2021). Iridoids from the Valeriana jatamansi contain anti-
inflammatory and anti-proliferative properties Jatamanvaltrate G being one of them. These are

also known to inhibit the proliferation of human glioma stem cell lines (Yu et al., 2008).

Platanic Acid

Platanic Acid, isolated from the Syzigium claviflorum leaves, and found to contain anti-HIV

activity (Kahnt et al., 2018) . It is an inhibitor of HIV replication in the H9 lymphocyte cells in
the human body and an anti-AIDS agent(Liu et al., 2021).

Varixanthone

Varixanthone, isolated from the Emericella variecolor marine Fungus and this compound

shows antimicrobial activity (From en Clavzflgrum, 1994).
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Kushenol H

Kushenol H, isolated from the dried roots named Kushen ("Kujinn") of the Sophorae flavescens
plant species, original to Japan, have been utilized as Chinese and Japanese traditional medicine
for centuries. The Kushenols O - A are known flavonoids known to constitute antibacterial and

antiandrogen activities (Malmstrem et al., 2002).

Phelligridin F:(-)-Phelligridin F

Phelligridin F, isolated from the Inonotus xeranticus mushroom species is a new hispidin

derivative. This compound was found to have antioxidant activities (Kuroyanagi et al., 1999).

Diversolide G

Diversolide G isolated from the Ferula diversivittata, -is-a cancer chemo-preventive agent in
humans. (Lee et al., 2006).

(-)-(7"'R,8"'S)-4" 5,7-trihydroxy-3",5'-dimethoxy-4" 8" -oxyflavonolignan-

7'".9"-diol
(-)-(7"R,8"S)-4",5,7-trihydroxy-3",5-dimethoxy-4",8"-oxyflavonolignan-7",9"-diol IS a
flavonolignan found in the Calamus quiquesetinervius plant/vegetable native of Northern
Taiwan. This phenolic compound was found to have cardiovascular protective activities
(Iranshahi et al., 2010).

Ninandrographolide: Andropanoside

Andropanoside or otherwise known as Ninandrographolide is a compound found in the
Andrographis paniculate species and these were produced by glucosylation at the C19-
hydroxyl. This compound is known to be an anti-inflammatory, anti-cancer,
immunomodulatory, antimalarial, antidiabetic, fever combating, laryngitis, gastric infections

reduction agent, and many more(Chang et al., 2010).

Poricoic acid H:(+)-Poricoic acid H

Poricoic acid H has been isolated from the Poria cocos herb species which originated from

Chinaand is used as a prescribed diuretic and as a sedative. Poricoic acid H was found to inhibit
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cytotoxicity to all cancer cell lines and other tumor-promoting effects in conjunction with the

other poricoic acids (Sun et al., 2019).

Myrianthic Acid

Myrianthic Acid is a terpenoid isolated from the Vaccinium emarginatum plant species and it

is found to have cytotoxic and anti-inflammatory activities (Ukiya et al., 2002).

Icariside |l:Baohuoside 1:3-](6-Deoxy-alpha-L-mannopyranosyloxy]-5,7-

dihydroxy-2-(4-methoxyphenyl)-8-(3-methyl-2-butenyl)-4H-1-benzopyran-

4-one
Icariside Il is an icariin metabolite that derives from the herba Epimedii. This compound is

known to induce apoptosis in the A431 human epidermoid carcinoma cells (Tu et al., 2020).

Volkensiflavone

Volkensiflavone was isolated from both Garcinia multiflora and Rhus succedanea plant
species. This compound is known to-have antiviral activities against respiratory viruses such
as influenza A and B, parainfluenza type 3, measles; respiratory syncytial and adenovirus type

5, and herpes viruses(Wu et al., 2013).

Rubriflorin A

Rubriflorin A has been isolated from the stems of the Schisandra rubriflora and it is a

dibenzocyclooctene lignan. This compound is known to possess anti-tumor and anti-cancer
activities (Lin et al., 1998).

Baccatin I11:(-)-Baccatin 111

Baccatin 111 was isolated from the heartwood of Taxus baccata L. and it's considered to be a
taxoid. Anti-inflammatory and antinociceptive activities are medicinal characteristics of this

compound. This was tested in vivo (Li et al., 2004).
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Chapter 5

5.1 Conclusion

The assessment of the phytochemistry and the identification of several of the compounds
present in the Uromycladium tepperianum MacAlpine fungus was important, due to the lack
of knowledge and, literature reports on this fungus. Since rust fungi are mostly known to be
diseases which affect plants, this investigation may be deemed as a first of its kind and may

now be documented.

Moreover, the investigation conducted on the Uromycladium Tepperianum MacAlpine fungus
was found to provide unexpected results since, apart from certain yeasts and moulds,
mushrooms are the only types of fungi-widely reported on the contribution towards medicinal
treatments, and drug developments, unlike rust fungi, which are considered to be plant diseases
with no medicinal uses. A detailed investigation on the phytochemistry of this fungus was
conducted, leading to the isolation of 39 simple and complex compound structures. Compounds
1, 2, 3 and 4 were characterized by utilizing NMR GC-MS and MS (Spinasterol, Schottenol,
Palmitic acid and Linoleic acid), compounds 37, 38 and 39 (4’-O-GIcA-7-OGIcA apigenin , 7-
O-Methylquercetin-3-O-galactoside-6"’-rhamnoside and 3-O-protocatechuoyl ceanothic acid)
were characterized by utilizing LC-MS and the Global natural products social molecular
network database. Lastly compounds 5 to 36 were characterized by utilizing LC-Ms with the

aid of various other databases.

The majority of the bioactive compounds found in this fungus possessed isomeric
characteristics with extremely low yields, making isolation and characterization in NMR
exceedingly difficult. Since NMR requires at least 5mg of sample to confirm the organic purity
and characterization of the product, LC-MS and various data bases [Global natural products
social molecular network, FoodDB, STOFF (environment), KNApSAcK (Natural product),
PubChem (biomolecules), PlantCyc (plant), ChBI (Biomolecules), NANPDB (Natural
product), UNPD (Natural Product), Elemental composition, Pubchem, Chemspider Science
direct, Synapt G2 qTOF, MZmine, Chem Calc, and Science finders Scholar] were utilized to

isolate and characterize the remaining compounds.
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3.5.5 Future recommendations

A sizeable amount of material is required (of at least 20 kgs) in the future for further
investigation or confirmation of compound structures, as to be able to obtain higher amounts
of the organic constituents present in the fungus for better separation, isolation, purification

and characterization.

Further research is necessary to investigate and compare the phytochemistry and chemical
composition of this fungus when collected in different seasons and environments on all four
extracts (n-hex, EtOAc, DCM and BuOH) using HPLC as a method for seasonal profiling of the

compounds present in the fungus.
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Appendix

NMR Spectra (compound 1 and 2)
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GC-MS Spectra of compound 1 and 2
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NMR Spectra compound 3 and 4
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GC-MS spectra compounds 3 and 4
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Global natural products social molecular network database spectra
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