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SUMMARY 

The current study consists of two parts. Part A describes the isolation, characterization and 

bioactivity evaluation of the chemical constituents of Salix acmophylla Bioss. Part B describes 

the solid-phase synthesis and biological studies of natural and synthetic peptides. 

PART “A” 

Bioassay-guided isolation of secondary metabolites from medicinal plant species Salix 

acmophylla Boiss. was carried out with the objectives to isolate and identify bioactive natural 

constituents of the plant. During this study, two new phenolic glycosides, acmophyllin A (7), 

acmophyllin B (8) and five known phenolic glycosides (9-13) were isolated from the leaves 

of Salix acmophylla Bioss. The structure of these secondary metabolites were elucidated by 

employing modern spectroscopic techniques, for instance 1D, 2D-NMR spectroscopy 

(COSY, NOESY, HSQC, HMBC, etc.) along with low- and high- resolution mass 

spectrometric techniques such as ESI-MS.  

Cytotoxicity of compounds 7-11 was checked by using three different cancer cell lines i.e., 

NCI-H460 (lung cancer cells), PSN-1 (pancreatic cancer cells), and MCF-7 (breast cancer 

cells). The new compound acmophyllin A (7) was found to be active against three different 

cancer cells checked in a dose dependent manner and its IC50 values were between 35 and 40 

µM, while the new compound acmophyllin B (8) and known compound (10) showed low 

cytotoxicity against MCF-7 cells and PSN-1 cells. Compounds 9 and 11 were found to be 

inactive against three cancer cell lines. These results have clearly shown that compound 7 

might serve as good anticancer agents for in-vivo studies, and for clinical trial. 

In addition, oxidative burst inhibitory activity of compounds 7-13 was also checked, in which 

compounds 11 and 12 showed potent inhibition of oxidative burst in zymosan activated 

neutrophils by chemiluminescence technique while no other compound was found to inhibit 

the production of reactive oxygen species (ROS). 
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PART “B” 

In part B, synthesis, structural and biological studies of brachystemin A (14), 

duanbanhuain B (15) and temporin-LK 1 (16) and its analogues (17-19) were discussed. 

The solid-phase synthesis of brachystemin A (14) was carried out by using head-to-tail 

cyclization strategy, while the solid-phase synthesis of duanbanhuain B (15) was 

performed by using head-to-side chain cyclization strategy. In addition to solid-phase 

synthesis, immunomodulatory activities on brachystemin A (14) and duanbanhuain B (15) 

were also carried out. Peptide 14 moderately inhibited the production of TNF-α, and IL-2, 

whereas low level of inhibition was also observed on IL-1 β. Peptide 14 was also evaluated 

for its effect on Nitric Oxide (NO.) generation by using lipopolysaccharide activated 

macrophages from J774.2 cell line. Similar to natural product, the synthetic peptide 

showed a very weak inhibitory effect (7.5 %) at concentration of 30 µM. Peptide 15 

exhibited a strong inhibition of ROS production in whole blood phagocytes with an IC50 

= 500 ± 33.47 nM.  
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Antimicrobial natural peptide temporin-LK 1 (16) and its analogues (17-19) were also 

synthesized on solid-phase and their biological activity was evaluated against standard 

strains (EMRSA-16, and -17, and MRSA-252) and a clinically isolated drug-resistant 

strains of Staphylococcus aureus and Pseudomonas aeruginosa. The natural peptide 16 

had low inhibitory effect against these multidrug resistant strains, while analogue 17 

containing D-alanine in place of glycine displayed stronger antimicrobial activity against 

all clinically resistant strains with more than 70 % inhibition against all tested drug 

resistant strains at the dose of 300 µg / mL. 
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 خالصہ
کے کیمیائی اجزا کی  Salix acmophyllaیہ مقالہ دو حصوں پر مشتمل ہے۔ حصہ اول میں 

علیحدگی، شناخت اور حیاتیاتی کارکردگی کا مطالعہ کیا گیا ہے، جبکہ حصہ دوم میں قدرتی اور 

 مصنوعی پیپٹایڈز کے تالیفی تجربات پر بحث کی گئی ہے۔

میں پائے جانے ولے ثانوی  Salix acmophyllaحصہ اول: حیاتیاتی کارکردگی کی بنیاد پر 

 Salixمرکبات کی علیحدگی اور ان مرکبات کی شناخت کو بیان کیا گیا ہے۔ اس تحقیق کے دوران 

acmophylla  کے پتوں سے دو نئے فینولک گالیکوسائڈزAcmophyllin A (7), 

Acmophyllin B (8)  علیحدہ کیے گیے۔ ان  (13-9)اور پانچ معروف فینولک گالیکوسائڈز

مرکبات کی کیمیائی ساخت کی تشریح و توضیع، طیف پیمائی کی ہا ئڈروجن اور کاربن کی 

مقناطیسی گمگ، دو رخی گمگ اور کمیت طیف پیمائی کی مختلف تیکنیکات کو استعمال میں ال 

 کر کی گئی۔

 (7)کی ضد سرطانی کارکردگی کا مطالعہ کیا گیا، نیا مرکب  (11-7)تمام علیحدہ شدہ مرکبات 

 سب سے زیادہ اثر پذیری رکھتا ہے۔

 Temporin-LK اور   Brachystemin A (14), Duanbanhuain B (15)حصہ دوم: میں 

  .کی تیاری، ساخت اور حیاتیاتی پہلو پر بحث کیا گیا ہے (19-17)اور اس کے انالیگز   (16) 1

Brachystemin A (14),  کی ٹھوس حالت میں تیاری سر کو دھڑ سے جوڑنے کے الئحہ عمل

سر کو ضمنی زنجیر سے جوڑنے کی ترکیب سے تیار کیا گیا۔  Duanbanhuain B (15)جبکہ 

Brachystemin A (14)  نےTNF-α  اورIL-2 پیداوار کو روکتا ہے اور قدرتی پیپٹایڈ کی  کی

کی پیداوار  ROSنے  15 طرح مصنوعی پیپٹایڈ نے بہت کم حد تک مذکورہ اثر دکھا دی۔ پیپٹایڈ

کو ٹھوس (19-17) ایناالگزاور اس کے  Temporin-LK 1 (16)کو کافی کم کر دیا۔ جراثیم کش 

 MRSA-252اور  MSSA-16, MRSA-17حالت طریقہ کار کی مدد سے تیار کر کے انکی 

کو کم سے کم موثر جبکہ  16 ضد حیاتیاتی مطالعہ بھی کیا گیا۔ اس مطالعہ کے نتیجہ میں پیپٹایڈ

نے مائیکروب کے مذکورہ تمام اقسام کے  17کو سب سے ذیادہ موثر پایا گیا۔ پیپٹایڈ  17پیپٹایڈ

 سے زیادہ اثر دکھایا۔  % 70خوراک پر  mg 300خالف 
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Chapter 1 

General Introduction 

1.1: History of Natural Products  

Natural products (NPs) play an important role in the discovery and development of drugs. 

Through an evolutionary process, nature has the capacity to produce complex NPs. These NPs 

generally have multifaceted structures, and the ability to relate with numerous biological 

targets. Due to this reason, the discovery of NPs based new drugs and their further 

development has attracted the interest of many research groups around the world. According 

to the WHO (World Health Organization) statement, about 65 % of the people in the world 

uses herbal medicines for their healthcare needs (Farnsworth et al., 1985), in which 40 % of 

the drugs were isolated from plants (Butler, 2005). Several potent drugs have identified by the 

biological screening of compounds isolated from plants. Morphine (God of dreams) was first 

NP, isolated from poppy straw of the opium poppy (Huxtable & Schwarz, 2001). Morphine 

is well known for its analgesic properties, after the discovery of morphine alkaloid, NPs were 

widely researched as new drug candidates (Kapoor, 1989). NPs showed to be the source of 

modern drug discovery in the last few decades (Qi, Blanden et al., 2011). Above 50 % of the 

drugs, isolated from NPs are used clinically, among them 25 % were isolated from vascular 

plants (Newman & Cragg, 2012). About 50 % of the new drugs discovered during 1986-2006 

were either isolated from natural resources or derivatized natural product skeleton 

(Schuffenhauer et al., 2007). About 50 compounds have been approved as anticancer drugs 

by US-FDA (United States Food and Drug Administration), one third of them were based on 

NPs.  

Plants are a valuable source of new medicinally important natural products; therefore, they 

play a very important role in the discovery of new lead molecules. For example, Pacific yew 

tree, Taxus brevifolia contain taxol, which is considered as a potent anticancer natural product 

(Rowinsky, Cazenave, & Donehower, 1990). Ovarian and breast cancer, was treated by taxol, 

which was approved as a drug in 1994. In 1950s, vinblastine and vincristine isolated from 

Catharanthus roseus, were used efficiently as a antileukemic drug (Opartkiattikul, 1999). 
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The use of marine organisms, as a traditional medicine are limited as compared to terrestrial 

natural resources (Cragg & Newman, 2013). In the last three decades, marine organisms  have 

been a source of large number biologically active new compounds, e.g., ziconotide (pain-

relieving drug), isolated from the venom of cone snail (Wallace, 2006), acteinascidin (tissue 

sarcoma drug), isolated from the Acteinascidia turbinate.  

The death rate has increased in the third world countries, due to the weak immune response 

of the patients against resistant in microorganisms (Richardson, 2005). For example, due to 

Malaria, large number of people die every year. The bark of Cinchona plant contain quinine 

(first drug used against malaria), but the parasite showed resistance against quinine nowadays. 

Therefore researcher start searching for the discovery of more potent antimalarial drug, and 

led to the discovery of new useful antimalarial drugs, artemisinin, from the folk plant 

Artemisia annua, and its derivatives (Miller & Su, 2011; Wongsrichanalai et al., 2002;  Miller 

& Su, 2011; Neill & Posner, 2004). 

The major cause of death in all over the world are cardiovascular diseases (Staniek et al., 

2010). Their treatments mainly involve the use of antithrombotic, anticoagulant and anti-

platelet drugs (Olas et al., 2006). Digoxin (isolated from Digitalis purpurea) and heparin are 

used for the treatment of heart diseases. However, the long use of these drugs sometime causes 

serious life threatening bleeding. Therefore the discovery and improvement of new drugs are 

necessary, having low cost and more active (Chua & Koh, 2006).  

Plant species still serve as a rich source of many novel, effective, and medicinally beneficial 

compounds. Therefore, from the last thirty years, scientists are searching for new and more 

effective drugs, from a large number of higher and lower plants along with other natural 

sources such as, marine organisms and lower animals, by using modern techniques.  

From 1981 to 2002, about 877 new compounds were introduced into the market. Among 

which approximately 49 % were of natural origin (Koehn & Carter, 2005). Due to the arrival 

of modern techniques in recent years, more focus was put on development of libraries of 

synthetic compounds and pure natural products, rather than bioactive plant extracts, due to 

advancement in combinatorial chemistry, molecular biology, genomics and cellular biology. 

NPs represent an attractive source of new potent compounds in modern drugs developments. 

Various methods have been speed up the research in the field of NPs. Development in the 
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various instrumental skills i.e., chromatographic and spectroscopic skills etc, have solved long 

standing difficulties, related with the discovery and development of drugs from natural 

products. Various natural products analogues have been made in order to increase their 

activity, bioavailability and ADME (Absorption, Distribution, Metabolism and excretion) 

characteristics. 

Green tea contain veregen (ointments), which was approved in 2006 by FDA (Food and Drugs 

Administration) as a first herbal medicine against genital warts diseases (Koehn & Carter, 

2005). Similarly sativex (using in neuropathic disorders in multiple sclerosis) is the world first 

pharmaceutical medicine, isolated from cannabis plant (Nurmikko et al., 2007).  

1.2: Objectives of the Current Study 

Natural products are still playing significant role in the development and discovery of drugs. 

But there are still some common and emerging diseases, which remains untreated due to 

absence of proper drugs. For example, before the discovery of quinine and artemisinin, 

malaria was a fatal disease. Cancer is also a deadly disease which affected millions of people 

in the world. Anti-cancer drugs, taxol a natural product used for the treatment of ovarian and 

breast cancers has relieved the suffering of many cancer patients. The objective of the current 

study was to carry out a bioassay-guided isolation of secondary metabolites from medicinal 

plant Salix acmophylla to identify new bioactive natural products as new leads for treatment 

of uncontrolled diseases. 
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Chapter 2 

Introduction to Salix acmophylla Boiss. 

2.1: The Willow Family (Salicaceae) 

The name willow is derived from old English word wilwe. It is a medium sized tree, ranges 

from about 30’ to 60’ and diameter 14’’. Willow trees have simple, slender leaves, 

consecutively arranged on the twigs. They are deciduous plants being shaded in the autumn. 

They are dioecious i.e., both male and female flower grows on separate plants. Flowers usually 

produce nectar for the pollination by insects. The fruits are like a capsule which contains  tiny 

seeds with clustered hairs and easily dispersed by wind (Judd et al., 1999). The family 

Salicaceae consists of two genera, i.e., Populus and Salix, and mainly occur in Northern 

Hemisphere (Cronquist, 1981).  

2.1.1:  The Genus Salix 

Salix, is a Celtic word that means near water. The genus Salix consist of almost 450 species. 

This genus has origin in Pakistan (32 species), China (270 species), Soviet Union (120 

species), North America (105 Species) and Europe (65 Species) (Argus, 1997). 

2.1.2: The Use of Genus Salix as a Folk Medicine 

Some species of the genus Salix have significant medicinal importance. They are used as an 

anti-inflammatory, anti- leishmanial, analgesic, astringent and antipyretic agent.  The bark of 

the white willow are used as  analgesic and anti-inflammatory agents by ancient Egyptians 

(Vainio & Morgan, 1997). It is also used to relief sore throat and headache related with upper 

respiratory tract infections and influenza (Friend, 1974; Hyson, 1998). Willow bark consists 

of salicin, the precursor of salicylic acid. The water extract of willow tea contains salicin, in 

our body salicin are converted to salicylic acid. The extract of fresh leaves is used for the 

treatment of dysentery, earache, worms, etc. Inhaling the fragrance of fresh flowers of willow 

releases headache and mental tension (David Hoffmann, 2003). 
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2.1.3: The Plant Salix acmophylla Boiss. 

Classification 

Kingdom                   Plantae 

Phylum                     Tracheophyta 

Class                         Magnoliopsida 

Order                        Salicales 

Family                      Salicaceae 

Genus                       Salix 

Species                     Salix acmophylla Boiss. 

Worldwide Occurrence: China, USSR, North America, Europe, Afghanistan, Pakistan 

[Quetta (Balochistan), Abbottabad (KPK), North Waziristan Agency (FATA)] 
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2.1.4: Literature Reports on Salix acmophylla Boiss. 

Table-1: Previously Isolated Secondary Metabolites from the Plant Salix acmophylla Bioss. 

 

 

Figure-1: Structure of Compounds Previously Isolated from Salix acmophylla.  

 

 

Name of Compounds Mol. 

Formula 

Mol. 

Weight 

Ref. 

Benzyl β -D-glucopyranosid (1) C13H19O6 271.1 Iqbal et al., 2004) 

2- (Hydroxymethyl) phenyl) β- D- 

glucopyranoside (2) 
C13H19O7 287.1 (Iqbal et al., 2004) 

Hydroxy phenyl β -D-glucopyranoside 

(arbutin) (3) 
C12H17O7 273.0 (Iqbal et al., 2004) 

2’-O-Acetyl Salicin (4) C15H21O8 329.1 (Iqbal et al., 2004) 

Phenethyl β -D-glucopyranoside(5) C14H21O6 285.1 (Iqbal et al., 2004) 

Quercetin-3-O- β-D-glucopyranoside (6) C21H21O12 465.1 (Iqbal et al., 2004) 
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Chapter 3 

Introduction to Phenolic Glycosides 

3.1: Phenolic Glycosides 

Phenolic glycosides are the secondary metabolites which are found mainly in all parts of 

plants. The phenolic glycosides were identified in plants about two hundred years ago. In 

1845, Pirial was the first scientist who extracted salicin from Spiraea and Pupulus species and 

recognized that glucose and saligenin (o-hydroxybenzyl alcohol) are the components of 

salicin (Raymond, 1932). Majority glycosides isolated from plants are phenolic glycosides. 

Phenolic glycosides are present in all parts of the plants, i.e., flowers, roots, leaves, stems, 

bark etc. (Hopkinson, 1969). The general structure of phenolic glycosides isolated from plants 

is shown in Figure-2.  

 

 

The role of Phenolic glycosides in plants is still unclear. The only known role is to detoxify 

toxic aglycones by phenolic glycosylation. Several researchers have shown that phenols are 

rapidly changed into mono-β-D-glucosides in leaves (Towers, Hutchinson, & Andreae, 1958). 

The interaction between plants and fungi may be skillful by the occurrence of phenolic 

compounds in both of them. Sherwood found that the fungus Rhizoctonia solani produces 

phytotoxic o-nitro phenyl β-D-glucoside, whereas fungi toxic oxidized phenols have been 

found in plants (Curir et al., 2003). 

Figure Figure-2: Phenolic glycoside: R1 = CH2OH, H, CH3, or CO2H, R2 = aryl, n = 1-3 
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3.2: Biosynthesis of Phenolic Glycosides 

Phenolic glycosides contain phenolic part and carbohydrate parts. The carbohydrates (Hough 

& Jones, 1956) are formed from CO2 by chlorophyll in the presence of sunlight, while phenols 

are formed from shikimic acid through shikimic acid pathway. Although there have been long-

standing biotic and abiotic interests in β-d-salicin, no defined biosynthetic pathway, genes or 

enzymes have been illustrated in the literature (Johnson & Douglas, 2007). However, the 

biotechnological techniques by utilizing leave tissues and radio labelled precursors have 

revealed some biosynthetic aspects of β -d-salicin in Salix and Populous. It has been found 

that the biosynthesis of β-d-salicin is associated with formation of phenyl alanine from 

shikimic acid through shikimate pathway, and the conversation of phenyl alanine into β -d-

salicin through phenylpropanoid pathway (Boeckler, et al., 2011).  

In shikimate pathway shikimic acid are converted by simple ATP phosphorylation reaction 

into shikimic acid 3-P, which further react with phosphoenolpyruvate (PEP) through 

substitution reaction forming 3-enolpyruvylshikimic acid 3-phosphate (EPSP) in the presence 

of EPSP synthase. Chorismic acid are formed by the 1-4 elimination of phosphoric acid (HOP) 

from EPSP, which rearrange by claisen rearrangement to form prephenic acid. 

Decarboxylation and aromatization of prephenic acid leads to the formation phenylpyruvic 

acid, which are converted into L-phenylalanine by pyridoxal P (PLP). E2 elimination of 

ammonia from L-phenylalanine by enzyme phenylalanine ammonia lyase (PAL) leads to the 

formation of cinnamic acid. The cinnamic acid further undergoes hydroxylation reaction 

forming 2-coumaric acid. The cleavage at alpha carbon of leads to the formation of 

salicyaldehyde. The salicin (phenolic glycoside constituent of Willow plant) is formed 

through glucosylation of salicylaldehyde and then reduction of the carbonyl group (Figure-3) 

(Mahdi, 2014). 
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Figure-3: Biosynthesis of Salicin  
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Chapter 4 

Results and Discussion 

4.1: Structure Elucidation of New Compounds from Salix acmophylla 

        Boiss. 

4.1.1: Acmophyllin A (7) 

 

The new salicin derivatives acmophyllin A (7) were obtained from the purification of crude 

extract of S. acmophylla Boiss as white powder. The molecular formula of 7 was determined 

from the quasi-molecular ion [M + Na] + at m/z 533.1 in the ESI-MS. The molecular formula 

C27H26O10Na was deduced from the HRESI-MS at m/z 533.1409 (Calc. 533.1423 for 

C27H26O10Na), which indicated fifteen degrees of unsaturation in compound 7. Eleven degrees 

of unsaturation were accounted for eleven double bonds, while, remaining four degrees of 

unsaturation were due to four rings of compound 7. and The IR spectrum of 7 showed 

absorption bands at 3413 cm-1 (OH), 2923 cm-1 (C-H due to asymmetric stretching), 1712 cm-

1 (ester C=O),1398 cm-1, 1616 cm-1 (C=C of benzene ring). The UV spectrum exhibited 

absorption bands at λ max (ε) at 307, 278, 237, 212 nm. 

Analysis of 1H-NMR spectrum of 7 revealed the signals at δH 7.98 (2H, d, J = 7.6 Hz, H-2, 

6), 7.31 (2H, m, H-3, 5), and 7.43 (1H, m, H-4) which implied the presence of benzoyl group, 
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while, the signals at δH 7.30 (1H, m, H-6’’), 7.03 (1H, m, H-3’’) and 7.31 (2H, H-4’’, 5’’) 

indicated salicylic alcoholic moiety. The remaining signals at δH 6.88 (1H, d, J = 8.4 Hz, H-

3’’’), 7.41 (1H, m, H-4’’’), 6.73 (1H, m, H-5’’’) and 7.55 (1H, d, J = 8.0 Hz, H-6’’’) were 

assigned to ortho-hydroxybenzoyl group. The 13C- NMR spectral analysis of 1 revealed the 

presence of 27 carbons, including two methylene, eighteen methine and seven quaternary 

carbons (Table-1).  

The structure of new compound 7 was fully supported by 2D-NMR spectral data such as 

HSQC, HMBC and COSY spectrum. In the HMBC spectrum (Fig. 4), the H-7’’methylene 

protons Ha δH 5.20, d, (J = 12.4), Hb = δH 5.15, d, (J = 12.4) exhibited correlation with 

quaternary carbons C-7’’’ (δC 170.8), C-1’’ (δC 156.7), C-2’’ (δC 125.9), which supported the 

linkage of salicylic alcoholic moiety with ortho-hydroxybenzoyl group via ester connection. 

Similarly, the correlation of aromatic proton H-6’’ (δH 7.30) with C- 6’ (δC 62.4) methylene 

carbon of sugar unit, C-2’’ (δC 125.9) and C-1’’ (δC 156.7), showed that C-6’ position of 

glucose molecule is linked with salicylic alcoholic moiety. H-2’ (δH 5.28) of sugar unit showed 

correlation with C-7 carbonyl carbon (δC 167.2) of benzoyl group.  

 

Figure-4: HMBC Correlations in New Compound, Acmophyllin A (7) 

In the COSY 45o spectrum (Fig. 5), correlations of H-2 and H-6 (δH 7.98) were observed with 

H-3 and H-5 (δH 7.31), respectively. While H-4 (δH 7.43) was found to be correlated with both 

H-3 and H-5 (δH 7.31). The overlapped signals of H-4’’ (δH 7.31), H-5’’ (δH 7.31), and H-6’’ 
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(δH 7.30) were correlated with H-3’’ (δH 7.03) in the salicylic alcoholic group. The 1H-1H 

COSY correlation of H-3’’’- H-4’’’, H-4’’’- H-5’’’ and H-5’’’- H-6’’’ supported the ortho-

hydroxyl benzoyl group in 7. The 1H-NMR, 13C-NMR chemical shift, and COSY, HMBC 

connections for 7 are presented in the Table 2. 

 

Figure-5: COSY Correlations in New Compound, Acmophyllin A (7) 

More detailed information about the aromatic rings of 7 was obtained by the help of the one-

dimensional total correlation spectroscopy (1D TOCSY) experiment. 1D TOCSY of 

compound 1 was used to separate out the spectrum of each ring of structure 1. A 1D-TOCSY 

sub-spectrum obtained by irradiating signal at δH 7.98 (H-2, 6) showed a set of coupled 

protons at δH 7.31 (H-3, 5), δH 7.43 (H-4), while irradiating signal at δH 7.31 (H-4’’, 5’’) 

showed a set of coupled protons at δH 7.30 (H-6’’) and 7.03 (H-3’’). Similarly irradiating δH 

7.55 (H-6’’’) showed correlations with 7.41 (H-4’’’), 6.88 (H-3’’’) and 6.73 (H-5’’’). 
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Table-2: 1H- and 13C-NMR Spectral Data of Acmophyllin A (7) in CD3OD 

C. 

No. 

1H- δ (J Hz) 13C (δ) Multiplicity HMBC 

Correlations 

COSY 

Correlations 

1 - 131.5 C   

2 7.98, d, (J2, 3 = 7.6) 130.9 CH 1, 4 3 

3 7.31, m 129.4 CH  2 

4 7.43, m  134.2 CH  3, 5 

5 7.31, m 129.4 CH  4, 6 

6 7.98, d, (J5, 6 = 7.6) 130.9 CH  5 

7 - 167.2 C=O   

1’ 5.29, m 100.7 CH  2’ 

2’ 5.28, m 75.2 CH 1’, 3’, 7 1’, 3’ 

3’ 3.78, m 76.0 CH  2’, 4’ 

4’ 3.57, m 71.6 CH  3’, 5’ 

5’ 3.57, m 78.5 CH  4’, 6’ 

6’ Ha = 3.96,dd, (J = 11.2, 

2.4);Hb = 3.78, overlap 
62.4 CH2  5’ 

1’’ - 156.7 C   

2’’ - 125.9 C   

3’’ 7.03, m,  123.7 CH  4’’ 

4’’ 7.31, overlap 130.2 CH  3’’, 5’’ 

5’’ 7.31, overlap 131.0 CH  4’’, 6’’ 

6’’ 7.30, m   116.6 CH 2’’, 3’’, 6’ 5’’ 

7’’ Ha = 5.20, d, (J =12.4); 

Hb = 5.15, d, (J = 12.4) 
63.0 CH2 2’’,4’’, 7’’’ Geminal 

coupling 

1’’’ - 112.1 C   

2’’’ - 162.6 C   

3’’’ 6.88, d, (J3’’’, 4’’’= 8.4)  118.2 CH 1’’’ 4’’’ 

4’’’ 7.41, m 136.6 CH  3’’’, 5’’’ 

5’’’ 6.73, m 120.2 CH 1’’’, 3’’’ 4’’’, 6’’’ 

6’’’ 7.55, d, (J5’’’, 6’’’ = 8.0) 130.5 CH  5’’’ 

7’’’ - 170.8 C=O   

http://www.sigmaaldrich.com/catalog/product/aldrich/151947
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4.1.2: Acmophyllin B (8) 

 

The salicin derivative acmophyllin B (8) was isolated from ethyl acetate fraction of crude 

extract of S. acmophylla. The quasi-molecular ion [M +H] + of 8 was appeared at m/z 449.1 in 

the ESI-MS. The molecular formula C22H25O10 was deduced from the HRESI-MS at m/z 

449.1468 (Calc. 449.1447 for C22H25O10), which indicated eleven degrees of unsaturation. IR 

absorption bands were observed at 3413 cm-1 (OH), 2923 cm-1 (C-H due to asymmetric 

stretching), 1712 cm-1 (ester C=O), 1398 cm-1, 1616 cm-1 (C=C of benzene ring), 1085 cm-1 

(C-H bending vibration). The UV spectrum showed absorptions at λ max (ε) at 212 nm, 237 

nm, 278 nm and 307 nm. 

A careful examination of 1H-NMR and 13 CNMR spectrum of 8 indicated the presence of 

ortho- hydroxybenzoyl group δH 6.86 (1H, m, H-5’), 6.93 (1H, m, H-3’), 7.49 (1H, m, H-4’) 

and 7.87 (1H, dd, J = 8.1 Hz, 1.8 Hz, H-6’), a salicylic alcohol group δH 7.43 (1H, d, J = 7.8 

Hz, H-3), 7.08 (1H, m, H-4), 7.23 (1H, d, J = 7.2 Hz, H-6) and 7.31 (1H, m, H-5) and an acetyl 

group linked to C-6’’ methylene group of sugar unit. The BB 13C- NMR spectrum of 2 showed 

22 carbons, including one methyl, two methylene, thirteen methine and six quaternary carbons 

(Table 3).  

The BB (Broad- Band Decoupled) 13C- NMR spectrum of 8 showed signals at δ 171.2 and 

172.8 corresponded to C-7’and C-8’’ester carbonyl carbons of ortho-hydroxybenzoyl group 

and acetyl group respectively. The quaternary carbon signal at δ 162.7 indicated that C-6’of 

 benzoyl moiety is substituted with hydroxyl group, signal at δ 20.7 showed methyl carbon of 

acetyl group, and the signal at δ 102.9 showed anomeric carbon of the glucose.  



15 

 

The structure of new compound 8 was further confirmed by 2D-NMR spectral data such as 

HSQC, HMBC and COSY spectrum. The HSQC spectrum helped to deduce direct one-bond 

1H-13C connectivity. The long range 1H-13C correlations were determined by HMBC 

spectrum. The 1H-1H geminal and vicinal coupling were figured out from the COSY spectrum. 

In HMBC spectrum (Figure-6), the connection of methylene protons H-7 (δ 5.56) with C-7’ 

(δ171.2) indicated that aromatic ring of salicyl alcoholic moiety is attached with ortho- 

hydroxyl benzoyl moiety by ester linkage similarly correlation of methylene protons H-7 (δ 

5.56) with C-1 (δ 126.3) and C-6 (δ 157.1) further supported the presence of salicyl alcoholic 

moiety. The anomeric proton at H-1 also showed correlation with C-6, which confirmed that 

glucose moiety is linked with benzene ring of salicyl alcoholic moiety by ether linkage and 

methylene protons H-6’’ (δ 3.68) of glucose showed correlation with methyl carbon C-8’’ (δ 

20.7) of acetyl group. 

 

Figure-6: HMBC Correlations in New Compound, Acmophyllin B (8) 

In the COSY 45o spectrum (Figure-7), two spin systems were observed. In the spin system I, 

H-3’ (δ 6.93) showed connection with H-4’ (δ 7.46), which in turn was correlated with H-5’ 

(δ 6.86) and H-5’ (δ 6.86) showed correlation with H-6’ (δ 7.87). In the spin system II, H-3 

(δ 7.43), H-4 (δ 7.08), H-5 (δ 7.08) and H-6 (δ 7.23) were correlated with each other. The 1H-

NMR, 13C-NMR chemical shift, and COSY, HMBC connections for 8 are described in the 

Table-3. 
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Figure-7: COSY Correlations in New Compound, Acmophyllin B (8)  

Table-3: 1H- and 13C-NMR Spectral Data of Acmophyllin B (8) in CD3OD 

C. 

No. 

1H δ (J Hz) 13C (δ) Multiplicity HMBC  

Correlations 

COSY 

Correlations 

1 - 157.1 C   

2 - 126.3 C   

3 7.43, d, (J3, 4= 7.2) 130.0 CH   4 

4 7.08, m 123.5 CH 6, 7 3, 5 

5 7.31, m 131.6 CH  4 

6 7.23, d, (J5, 6= 7.8) 116.7 CH  5 

7 Ha = 5.58, d, (J = 

12.4) ; Hb = 5.48, d, 

(J = 12.4) 

63.5 CH2 1’, 2, 7’ Geminal 

coupling 

1’ - 113.7 C   

2’ - 162.7 C  3’ 

3’ 6.93, d, 

(J3’, 4’= 8.4) 

118.3 CH 2’, 4’ 4’ 

4’ 7.49, m 136.8 CH  3’, 5’ 

5’ 6.86, m 120.3 CH  4’, 6’ 

6’ 7.87, dd,  

(J4’, 5’, 6’ = 8.1, 1.8) 
131.2 CH 4’ 5’ 
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4.1.3: Structure Elucidation of Known Compounds from Salix acmophylla 

Boiss. 

4.1.3.1:  Tremuloidin (9) 

 

Compound 9 was obtained as a white solid (13 mg) from the sub-fraction Sa-4-3 (Scheme-2), 

which was subjected to high performance liquid chromatography (HPLC) by using C18 silica 

gel as a stationary phase and methanol: water (6:4) as mobile phase. 

The ESI-MS of 9 showed the quasi-molecular ion [M +Na] + at m/z 413.1. The HRESI-MS 

at m/z 413.1233 was in agreement with molecular formula C20H22O8Na (Calc. 413.1212 for 

7’ - 171.2 C=O   

1’’ 4.95, d, (J1’’, 2’’ = 7.2) 102.7 CH 1  

2’’ 3.52, m 74.9 CH   

3’’ 3.42, m 78.0 CH   

4’’ 3.40, m 71.2 CH   

5’’ 3.47, m 78.2 CH   

6’’ Ha = 4.39, dd, (J = 

12, 2.1); Hb = 4.24, 

dd, (J = 12, 5.1) 

62.5 CH2 7’’ Geminal 

coupling 

7’’ - 172.6    

8’’ 2.01, s 20.7 CH3 7’’  
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C20H22O8Na). The IR (KBr) spectrum of compound 9 presented absorption bands at 3415 cm-

1 (OH), 2923 cm-1 (Asymmetric stretching due to C-H), 1712 cm-1 (ester C=O), 1398 cm-1 

(C=C) and 1039 cm-1 (C-O, bending vibration). The UV (CH3OH) showed absorption at λ max 

(ε) at 222 nm (0.083 × 103), 230 nm (0.083 × 103), 256 nm, 368 nm and 273 nm. 

The 1H-NMR spectrum (CD3OD, 300 MHz) of 9 showed five aromatic protons at δ 7.47 (2H, 

m), 7.59 (m) and 8.06 (2H, d, J= 7.2 Hz) of the benzoyl group and four protons at δ 6.98 (m), 

7.16 (m), 7.18 (m), 7.29 (d, J= 7.5 Hz) of the aromatic ring of salicy1 alcohol.  

The BB (Broad- Band Decoupled) 13C- NMR spectrum of 9 presented signal at δ 167.3, which 

corresponded to ester carbonyl carbon of benzoyl group. The signal at δ 155.6 indicated the 

aromatic C-1, is attached with glucose by ether linkage. Another OH- substituted carbon C-7 

of salicyl alcohol resonated at δ 59.9. The signal at δ 100.8 showed anomeric carbon of the 

glucose moiety.  

The structure of compound 9 was further supported by 2D-NMR spectral data such as HSQC, 

HMBC and COSY spectrum. The HSQC spectrum helped to deduce direct one-bond 1H-13C 

connectivity. The long range 1H-13C correlations were determined by HMBC spectrum. The 

1H-1H geminal and vicinal coupling were figured out from the COSY spectrum. 

In HMBC spectrum (Figure-8), the methine protons H-1’ (δ 5.23) and H-2’ (δ 5.27) showed 

correlation with C-7’’ (δ 167.3) and C-1 (δ 155.6) respectively. The correlation of H-2’ with 

C-7’’ showed that carbonyl carbon of benzoyl moiety attached with C-2 of glucose by ester 

linkage. Similarly, methine protons H-2’’ (δ 8.06) and H-6’’ (δ 8.06) were coupled with C-

1’’ (δ 131.3), C-7’’ (δ 167.3), C-3’’ (δ 129.6), C-4’’ (δ 134.4) and C-7’’ (δ 167.3) respectively. 

H-7 methylene protons at δ 4.29 and 4.55 showed correlation with C-2 (δ 131.8) and C-1(δ 

155.6).  

 

Figure-8: HMBC Correlations in Tremuloidin (9) 
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In the COSY 45o spectrum (Figure-9), three spin systems were observed.  In the spin system 

I the H-3, H-4 and H-5 were correlated. H-3 (δ 7.29) showed correlation with H-4 (δ 6.98) 

which in turn was correlated with H-5 (δ 7.18).  The correlations of H-2’’ (δ 8.06) with H-3’’ 

(δ 7.47) and the connection of H-3’’ (δ 7.47) with H-4’’ (δ 7.59) were observed in the spin 

system II.  In the spin system III, H-1’ (δ 5.23) was coupled with H-2’ (δ 5.27). The 1H-NMR, 

13C-NMR chemical shift, and COSY, HMBC relationships for 8 are described in the Table-4. 

 

Figure-9: COSY Correlations in Tremuloidin (9) 

From the above spectral studies, the compound 9 was identified as tremuloidin, 

previously isolated from Populus tremuloides (Pearl & Darling, 1959) and Salix 

chaenomeloides (Lindroth et al., 1987). 

Table-4: 1H- and 13C-NMR Spectral Data of Tremuloidin (9) in CD3OD 

C. 

No. 

1H- δ (J Hz) 13C (δ) Multiplicity HMBC 

Correlations 

COSY 

Correlations 

1 - 155.6 C   

2 - 131.8 C   

3 7.29, d, (J3, 4 = 7.5) 129.2 CH  4 

4 6.98, m 123.6 CH  3, 5 

5 7.18, m 128.2 CH  4 

6 7.16, m 115.9 CH   
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4.1.3.2: Salicyloylsalicin (10)  

 

Compound 10 was found as white powder from the sub-fraction Sa-4-3, which was purified 

by recycling HPLC (C18) by using water: methanol (1:1) as a mobile phase (Scheme-2).  

7 Ha= 4.29, d, (J =14.1) 

Hb= 4.55, d,  (J =14.1) 

59.9 CH2 1, 2, 3 Geminal 

coupling 

1’ 5.23, d, (J1’,2’ = 2.4) 100.8 CH 1 2’ 

2’ 5.27, m 75.9 CH 7’’ 1’ 

3’ 3.82, m 75.5 CH   

4’ 3.55, m 71.5 CH   

5’ 3.55, m 78.3 CH   

6’ Ha=3.94, dd, (J = 12, 2.1); 

Hb= 3.73, overlap 

62.4 CH2  Geminal 

coupling 

1’’ - 131.3 CH   

2’’ 8.06, d, (J2’’, 3’’ = 7.2) 130.7 CH 1’’,3’’,4’’,7’ 3’’ 

3’’ 7.47, m 129.6 CH 2’’ 2’’, 4’’ 

4’’ 7.59, m 134.4 CH 2’’ 3’’ 

5’’ 7.47, m 129.6 CH 1’’, 3’’, 4’’  

6’’ 8.06, d, (J5’’,6’’ = 7.2) 130.7 CH 1’’, 7  

7’’ - 167.3 C=O   
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The ESI-MS of 10 presented the quasi-molecular ion [M +Na] + at m/z 429.0. The HRESI-

MS at m/z 429.1795 was in agreement with molecular formula C20H22O9Na (Calc. 429.1811 

for C20H22O9Na).  

The IR (KBr) spectrum of compound 10 showed absorption bands at 3413 cm-1 (OH), 2923 

cm-1 (C-H due to asymmetric stretching), 1398 cm-1, 1616 cm-1 (C=C of benzene ring), 1712 

cm-1 (ester C=O), 1085 cm-1 (C-H bending vibration). The UV (CH3OH) showed absorption 

at λ max (ε) at 212 nm, 237 nm, 278 nm and 307 nm. 

The 1H-NMR spectrum (CD3OD, 300 MHz) of 10 showed four aromatic protons at δ 6.86 

(m), 6.93 (m), 7.49 (m) and 7.87 (dd, J= 8.1 Hz, 1.8 Hz) corresponded to the 2- 

hydroxybenzoyl moiety and four protons at δ 7.04 (d, J= 7.8 Hz), 7.06 (d, J= 7.8), 7.25 (d, J= 

7.2 Hz) and 7.33 (m) of the aromatic ring of salicy1 alcohol.  

The BB (Broad- Band Decoupled) 13C- NMR spectrum of 9 showed a signal at δ 171.2 of C-

7’, which indicated the presence of ester carbonyl carbon of ortho- hydroxybenzoyl group. 

The signal at δ 162.7 indicated that C-6’of benzoyl moiety is substituted with hydroxyl group, 

and the signal at δ 102.5 showed anomeric carbon of the glucose. 

The structure of compound 10 was also supported by 2D-NMR spectral data such as HMQC, 

HMBC and COSY spectrum. The HSQC spectrum helped to deduce direct one-bond 1H-13C 

connectivity. The long range 1H-13C correlations were determined by HMBC spectrum. The 

1H-1H geminal and vicinal coupling were figured out from the COSY spectrum. 

In HMBC spectrum (Figure-10), the methine proton H-2’ (δ 7.87) was coupled with C-4’ (δ 

136.8), C-6’ (δ 162.7) and C-7’ (δ 171.2). The methylene protons H-7 (δ 5.56) showed 

correlations with C-1(δ 126.3), C-6 (δ 157.1) and C-7’ (δ171.2). Similarly, the connection of 

methylene protons (H-7) at δ 5.56 (dd) of benzyl moiety with carbonyl carbon resonating (C-

7’) at δ 171.2 confirmed that benzyl moiety is attached with ortho-hydroxybenzoyl by ester 

linkage. The correlation of anomeric proton H-1’’ (δ 4.95) with C-6 (δ 157.1) of benzyl moiety 

showed that anomeric carbon of β-D- glucose is linked with benzyl moiety by ether linkage.  
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                              Figure-10: HMBC Correlations in Salicyloylsalicin (10)       

In the COSY 45o spectrum (Figure-11), two spin systems were observed. In the spin system 

I, H-2’ (δ 7.87) showed correlation with H-3’ (δ 6.86), which in turn was correlated with H-

4’ (δ 7.46) and H-4’ showed correlation with H-5’ (δ 6.93). In the spin system II, H-2 (δ7.04), 

H-3 (δ 7.06), H-4 (δ 7.33) and H-5 (δ 7.25) were correlated with each other. The 1H and 13C-

NMR chemical shift, and COSY, HMBC correlations for 9 are described in the Table-5. 

 

Figure-11: COSY Correlations in Salicyloylsalicin (10) 

The spectroscopic data of compound 10 seemed to be similar to a known compound 

salicyloylsalicin, which was formerly isolated from the bark of Salix purpurea (Pearl & 

Darling, 1970). However, compound 10 was isolated for the first time from S.  acmophylla. 
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Table-5: 1H-NMR and 13C-NMR Spectral Data of Salicyloylsalicin (10) in CD3OD 

 

C. 

No. 

1H δ (J Hz) 13C (δ) Multiplicity HMBC  

Correlations 

COSY 

Correlations 

1 - 157.1 C   

2 - 126.3 C   

3 7.43, d, (J3, 4= 7.2) 130.0 CH         4 

 7.08, m 123.5 CH 6, 7 3, 5 

5 7.33, m 131.6 CH  4 

6 7.23, d, J5, 6 = 7.8 116.7 CH   

7 Ha = 5.58, d, 

 (J = 12.4, 2.4); Hb = 

5.48, d, (J = 12.4) 

63.5 CH2 1’, 2, 7’ Geminal 

coupling 

1’ - 113.7 C   

2’ - 162.7 C  3’ 

3’ 6.93,  m 118.3 CH 2’, 4’ 4’ 

4’ 7.49, m 136.8 CH  3’, 5’ 

5’ 6.86, m 120.3 CH  4’, 6’ 

6’ 7.87, dd,  

(J4’, 5’, 6’ = 8.1, 1.8) 

131.2 CH 4’  

7’ - 171.2 C=O   

1’’ 4.95, d, (J1’’, 2’’ = 7.2) 102.7 CH 1  

2’’ 3.52, m 74.9 CH   

3’’ 3.42, m 78.0 CH   

4’’ 3.40, m 71.2 CH   

5’’ 3.47, m 78.2 CH   

6’’ Ha = 3.89, dd,   

(J = 12, 2.1);  

Hb= 3.88, overlap 

62.5 CH2 7’’ Geminal 

coupling 
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4.1.3.3: Grandidentin (11) 

 

Sub-fractions Fr-5 and Fr-6 obtained from the fraction Sa-4-5 (Scheme-2) were recombined, 

due to same retention time and again subjected to the reverse phase recycling HPLC by using 

isocratic mobile phase CH3OH, H2O (1:1) solvent system to obtain compound 11 (9 mg). 

The ESI-MS of 11 showed the quasi-molecular ion [M +H] + at m/z 425.0 The HRESI-MS at 

m/z 425.1795 was in agreement with molecular formula C21H29O9 (Calc. 425.1811 for 

C21H29O9). 

The IR (KBr) spectrum of compound 11 showed absorption bands at 3413 cm-1 (OH), 2925 

cm-1 (C-H due to asymmetric stretching), 1442 cm-1, 1612 cm-1 (C=C of benzene ring), 1035 

cm-1 (C-H bending vibration), 1712 cm-1 (ester C=O), 3234 cm-1 (OH due to H-bonding), 1510 

cm-1 (C=C). The UV (CH3OH) showed absorption at λ max (ε) at 213 nm, 230 nm, 298 nm and 

311 nm. 

The 1H-NMR spectrum (CD3OD, 300 MHz) of 11 showed two protons resonating at δ 7.62 

(d, J= 15.9 Hz), 6.36 (d, J= 15.9 Hz) of C-7 and C-8 respectively representing trans-ρ-

coumaroyl unit. The two chemically equivalent protons resonating at δ 7.54 (d, J= 8.7 Hz) 

corresponded to H-2’’ and H-6’’ and another set of two chemically equivalent protons 

resonating at δ 6.88 (d, J= 8.7) were corresponded to H-3’’ and H-5’’ of trans-ρ-coumaroyl 

unit.  

The BB (Broad-Band Decoupled) 13C- NMR spectrum of 11 showed signals at δ 168.5 (C-

9’’), 115.2 (C-8’’), 146.1 (C-7’’), which indicated the presence of α, β unsaturated ester of  

trans-ρ-coumaroyl unit. The signal at δ 101.1 showed anomeric carbon C-1’ of the glucose 
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moiety and signal at δ 80.0 indicated C-2’’ of cyclohexanol.  

The structure of compound 11 was also supported by 2D-NMR spectral data such as HSQC, 

HMBC and COSY spectrum. The HSQC spectrum helped to deduce direct one-bond 1H-13C 

connectivity. The long range 1H-13C correlations were determined by HMBC spectrum. The 

1H-1H geminal and vicinal coupling were figured out from the COSY spectrum. 

In HMBC spectrum (Figure-12), the methine proton H-1’’ (δ 3.75) of cyclohexanol exhibited 

correlation with anomeric carbon C-1 (δ 101.1) of glucose moiety, which confirmed that 

cyclohexanol moiety is attached with glucose at C-1’, Similarly H-2’ (δ 4.84) coupled with 

carbonyl carbon C-9 (δ 168.5) of unsaturated ester, which showed that trans-ρ-coumaroyl unit 

attached to C-2 of glucose moiety.  

 

Figure-12: HMBC Correlations in Grandidentin (11) 

In the COSY 45o spectrum (Figure-13), four spin systems were observed. In the spin systems 

I and II, H-1’ (δ 4.62) was coupled with H-2’ (δ 4.84) while H-7 (δ 7.62) was coupled with 

H-8 (δ 6.36) respectively. In the spin systems III and IV, H-5 (δ 6.88) was correlated with H-

6 (δ 7.54 and H-2 (δ 7.54) was correlated with H-3 (δ 6.88) respectively. The 1H-NMR, 13C-

NMR chemical shift, and COSY, HMBC connections for 11 are described in the Table-9. 
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Figure-13: COSY Correlations in Grandidentin (11) 

The above spectral information closely matched with the known compound 

grandidentin, which was previously isolated from Populus tremuloides (Pearl & 

Darling, 1962). 

Table-6: 1H- and 13C-NMR Spectral Data of Grandidentin (11) in CD3OD 

C. 

No. 

1H- δ (J Hz) 13C (δ) Multiplicity HMBC 

Correlations 

COSY 

Correlations 

1 - 127.2         C   

2 7.54, d, (J2, 3 = 8.7) 131.1 CH  3 

3 6.88, d, (J2, 3 = 8.7) 116.8 CH 1, 4 2 

4 - 161.3         C   

5 6.88, d, (J5, 6 = 8.7) 116.8 CH  6 

6 7.54, d, (J5, 6= 8.7) 131.1 CH  5 

7 7.62, d, (J7, 8 = 15.9) 146.1         CH 8, 6, 2, 9  8 

8 6.36, d, (J7, 8 = 15.9) 115.2 CH 1, 9 7 

9 - 168.5  C=O   

1’ 4.62, d, (J1’, 2’ = 6.0) 101.1 CH  2’ 

2’ 3.52, m 78.0 CH 1’, 3’, 9 1’ 

3’ 3.65, m 75.4 CH   

4’ 3.00, m 71.6 CH   
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4.1.3.4: 2’- O- (E) - ρ-Coumaroylsalicin (12) 

 

The sub-fraction Sa-4-5 (Scheme-2) was again subjected to column chromatography by 

increasing polarity of solvent system from n-hexanes to ethyl acetate from 30 % to 100 %, 

and obtained six sub-fraction, Fr-1- Fr-6. The sub-fractions having same retention time on 

TLC were recombined and re-chromatographed by using ethyl acetate- n-hexanes (1:1) 

mobile phase to get pure compound 12 (14 mg). 

The ESI-MS of 12 showed the quasi-molecular ion [M +H] + at m/z 433.1. The HRESI-MS at 

m/z 433.1504 was in agreement with molecular formula C22H25O9 (Calc. 433.1498 for 

C22H25O9). The IR (KBr) spectrum of compound 12 showed absorption bands at 3415 cm-1 

(OH), 2923 cm-1 (C-H due to asymmetric stretching), 1712 cm-1 (ester C=O), 1400 cm-1, 1612 

cm-1 (C=C of benzene ring), 1095 cm-1 (C-H bending vibration), 1703 cm-1 (ester C=O), 1506 

cm-1 (C=C). The UV (CH3OH) showed absorption at λ max (ε) at 213 nm, 230 nm and 311 nm. 

5’ 3.51, m 76.1 CH   

6’ 3.84, m, 3.71, m 62.5   CH2   

1’’ 3.75, m 80.0 CH 1’  

2’’ 3.59, m 71.4 CH   

3’’ 1.43, m 30.8  CH2   

4’’ 1.41, m 23.6  CH2   

5’’ 1.17, m 21.6  CH2   

6’’ 1.46, m 28.9  CH2   
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The 1H-NMR spectrum (CD3OD, 300 MHz) of 12 showed two protons at δ 7.69 (d, J= 15.9 

Hz) , 6.39 (d, J= 15.9 Hz)  corresponded to C-7’’ and  C-8’’ respectively  of trans-ρ-coumaroyl 

unit. The protons H-2’’ and H-6’’ at δ 7.45 (d, J=8.4 Hz) and another two chemically 

equivalent protons at δ 6.78 (d, J= 8.7 Hz) were assigned to H-3’’ and H-5’’respectively for 

trans-ρ-coumaroyl unit. Four aromatic protons at δ 7.00 (m), 7.14 (d, J=7.8 Hz), 7.21 (m), 

7.35 (d, J=7.5 Hz) were assigned to H-3, H-4, H-5 and H-6 of salicyl alcohol. 

The BB (Broad-Band   Decoupled) 13C- NMR spectrum of 12 showed a signal at δ 168.4 (C-

9’’), 115.0 (C-8’’), 147.2 (C-7’’), indicated the presence of α-β unsaturated ester of trans-ρ-

coumaroyl unit. The signal at δ 100.9 showed anomeric carbon of the glucose moiety.  

The structure of 2’-O-(E)-ρ-coumaroylsalicin (12) was also supported by 2D-NMR spectral 

data such as HSQC, HMBC and COSY spectrum. The HSQC spectrum helped to deduce 

direct one-bond 1H-13C connectivity. The long range 1H-13C correlations were determined by 

HMBC spectrum. The 1H-1H geminal and vicinal coupling were figured out from the COSY 

spectrum. 

In the HMBC spectrum (Figure-14), the methine proton H-6 at δ 7.14 (d) coupled with C-1 (δ 

155.8) and C-2 (δ 131.9), similarly H-3 at δ 7.35 (d) also showed correlation with C-1(δ 

155.8). The methine proton H-1’ at δ 5.13 of glucose moiety coupled with C-1 (δ 155.8), 

which confirmed that salicyl moiety is attached with anomeric carbon, similarly the coupling 

of H-2’ at δ 5.12 (m) of glucose with C-9’’ (δ 168.4) confirmed that glucose is linked with 

trans-p- coumaroyl carbonyl carbon. 

                                          

                 Figure-14: HMBC Correlations in 2’-O-(E)-ρ-Coumaroylsalicin (12)  
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In the COSY 45o spectrum (Figure-15), three spin systems were observed. In the spin system 

I H-3 (δ 7.35) was coupled with H-4 (δ 7.00), H-4 (δ 7.00) was coupled with H-5 (δ 7.21) 

while H-5 (δ 7.21) coupled with H-6 (δ 7.14). H-2’’ (δ 7.45) and H-3’’ (δ 6.78) showed 

correlation with each other in the spin system II. The H-7’’ (δ 7.69) and H-8’’ (δ 6.39) of α-β 

unsaturated ester exhibited correlation with each other in the spin system III.  

The 1H-NMR, 13C-NMR chemical shift, and COSY, HMBC relationships for 12 are described 

in the Table-7. 

.                                                                                      

                    Figure-15: COSY Correlations in 2’-O-(E)-ρ-Coumaroylsalicin (12) 

On the basis of different spectroscopic techniques compound 12 was identified as 2’-O-(E)-

ρ-coumaroylsalicin, which was previously isolated from Salix tetrasperma (Mizuno et al., 

1991).  
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Table-7: 1H- and 13C-NMR Spectral Data of 2’-O-(E)-ρ-coumaroylsalicin (12) in CD3OD 

C. 

No. 

1H- δ (J Hz) 13C (δ) Multiplicity HMBC 

Correlations 

COSY 

Correlations 

1 - 155.8 C   

2 - 131.9 C   

3 7.35, d, (J3, 4 = 7.5) 128.5 CH 1, 5 4 

4 7.00, m 123.6 CH 2 3 

5 7.21, m 129.3 CH 1 4 

6 7.14, d, (J5, 6= 7.8) 115.9 CH  5 

7 Ha= 4.46, d, (J = 14.1); 

Hb= 4.61, d, (J =14.1) 

60.1 CH2  Geminal 

coupling 

1’ - 127.1 C   

2’ 7.45, d, (J2’, 3’ = 8.4) 131.2 CH  3’ 

3’ 6.78, d, (J2’, 3’=8.7) 116.8 CH 4’ 2’ 

4’ - 161.3 C   

5’ 6.78, d, (J5’, 6’ =8.7) 116.8 CH 4’ 6’ 

6’ 7.45, d, (J5’, 6’ = 8.4) 131.2 CH   

7’ 7.69, d, (J7’, 8’ =15.9) 147.2 CH 1’, 9’ 8’ 

8’ 6.39, d, (J7’, 8’ =15.9) 115.0 CH  7’ 

9’ - 168.4 C=O   

1’’ 5.13, d, (J1’, 2’ = 2.7) 100.9 CH 1  

2’’ 5.12, m 74.9 CH  3’’ 

3’’ 3.71, m 76.0 CH  2’’ 

4’’ 3.50, m 71.5 CH   

5’’ 3.52, m. 78.3 CH   

6’’ Hb= 3.93, 

dd, (J =11.7, 2.1) 

Ha= 3.75, overlap 

62.4 CH2  Geminal 

coupling 
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4.1.3.5: Salicin (13) 

 

The fractions Fr-5 and Fr-6 obtained from the sub-fraction Sa-4-5 were recombined (Scheme-

2) on the basis of same retention time and subjected to the reverse phase recycling HPLC by 

using CH3OH, H2O (1:1) solvent system as mobile phase to obtain compound 13 (17 mg). 

The ESI-MS of 13 showed the quasi-molecular ion [M +H] + at m/z 287.1. The HRESI-MS at 

m/z 287.1144 was in agreement with molecular formula C13H19O7 (Calc. 287.1130 for 

C13H19O7). 

The IR (KBr) spectrum of compound 13 exhibited absorption bands at 3408 cm-1 (OH), 2929 

cm-1 (C-H due to asymmetric stretching), 1496 cm-1, 1614 cm-1 (C=C of benzene ring), 1083 

(C-H bending vibration). The UV (CH3OH) showed absorption at λ max (ε) 213 nm, 222 nm, 

227 nm, 269 nm and 301 nm. 

The 1H-NMR spectrum (D2O, 300 MHz) of 13 showed four aromatic protons at δ 7.01 (m), 

7.07 (d, J5, 6 = 8.1), 7.22 (m) and 7.27 (m) of the aromatic ring of salicy1 alcohol.  

The BB (Broad- Band Decoupled) 13C- NMR spectrum of 13 showed OH- substituted carbon 

C-7 of salicyl alcohol resonated at δ 61.9. The signal at δ 103.1 showed anomeric carbon of 

the glucose moiety.  

The structure of compound 13 was also supported by 2D-NMR spectral data such as HSQC, 

HMBC and COSY spectrum. The HSQC spectrum helped to deduce direct one-bond 1H-13C 

connectivity. The long range 1H-13C correlations were determined by HMBC spectrum. The 

1H-1H geminal and vicinal coupling were figured out from the COSY spectrum. 

In HMBC spectrum (Figure-16), the methine proton H-1’ at δ 4.91 (d, J= 5.3 Hz) of glucose 

moiety exhibited correlation with C-1 (δ 157.2) of salicyl alcoholic moiety, which confirmed 

the attachment of salicyl alcoholic moiety with anomeric carbon of glucose. The methylene  
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protons H-7 at δ 4.58 were coupled with C-2 (δ 132.3) and C-1(δ 157.2), which further 

confirmed that methyl alcoholic group is attached at C-2 position. 

 

Figure-16: HMBC Correlations in Salicin (13) 

In the COSY 45o spectrum (Figure-17), two spin systems are observed, in the first spin system 

H-1’ (δ 4.91) showed correlation with H-2’ (δ 3.50), while in the second spin systems H-3 (δ 

7.22) showed correlation with H-4 (δ 7.01) and H-5 (δ 7.27) shows correlation with H-6 (δ 

7.07). The 1H-NMR, 13C-NMR chemical shift, and HMBC, COSY correlations for 13 are 

described in the Table-8. 

 

Figure-17: COSY Correlations in Salicin (13) 

From the above spectral data the compound 13 was identified as known compound salicin, 

which was previously isolated from Salix chaenomeloides (Mizuno et al., 1991), Salix 

acmophylla (Iqbal et al., 2004) and Salix tetrasperma (Kuruuzum-Uz, et al., 2012). 
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Table-8: 1H- and 13C-NMR Spectral Data of Salicin (13) in D2O 

C. 

No. 

1H- δ (J Hz) 13C (δ) Multiplicity HMBC 

Correlations 

COSY 

Correlations 

1 - 157.2        C   

2 - 132.3        C   

3 7.27, m 132.3 CH 1, 2, 7 4 

4 7.01, m 126.0 CH  3 

5 7.22, m 132.1 CH  6 

6 7.07, d, (J5, 6 = 8.1) 118.0 CH  5 

7 4.58, overlap in 

solvent peak  

61.9  CH2   

1’ 4.91, d, (J1’, 2’= 5.3) 103.1 CH 1 2’ 

2’ 3.50, m 75.6 CH  1’ 

3’ 3.48, m 78.3 CH   

4’ 3.37 , m 72.1 CH   

5’ 3.45, m 78.8 CH   

6’ Ha =3.61, dd, 

(J5’, 6 = 12.3, 5.7); 

Hb=3.77, dd, 

(J =12.3, 2.1) 

63.2  CH2  Geminal 

coupling 
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4.2: Cytotoxicity and Oxidative Burst Inhibitory Activity 

Anti-cancer activity of compounds 7-11 was checked by 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-

diphenyltetrazolium bromide (MTT) assay using three cancer cell lines i.e., NCI-H460 (lung 

cancer cells), PSN-1 (pancreatic cancer cells), and MCF-7 (breast cancer cells). The new 

compound acmophyllin A (7) was found to be active against all types of cancer cells in a dose 

dependent manner and its IC50 values were between 35 and 40 µM after 48 hours of treatment 

time, while second new compound acmophyllin B (8) also showed low anti-cancer activity 

against MCF-7 (IC50 = 184 µM) cells and PSN-1 cells (IC50 = 199 µM). Among the known 

compounds isolated from S. acmophylla, compound 10 was mildly active against pancreatic 

cancer cells (IC50 = 96 µM) and less active against breast cancer cells (IC50 = 199 µM). Both 

compound 8 and 10 were found to be inactive against NCI-H460 cells after 48 hours. 

Compounds 9 and 11 were inactive against three cancer cell lines i.e. at 200µM. These results 

have clearly showed that compound 7 has good anti-cancer agents among all isolated 

constituents of plant in the current study. Similarly, all compounds except 8, were tested for 

their immunomodulatory activity. The compounds were evaluated for their inhibitory effect 

on intracellular reactive oxygen species (ROS) produced from zymosan stimulated 

polymorphonuclear leukocytes (PMNs). Ibuprofen was used as standard anti-inflammatory 

drug. Among all tested compounds 11 and 12 showed potent inhibition of myeloperoxidase 

dependent intracellular ROS production with IC50 values of 7.07 ± 0.4 µM and 6.38 ± 0.06 

µM respectively as compared to ibuprofen IC50 =54.2 ± 9.2 µM, while the other compounds 

show no inhibition against ROS production. Among the two potent compounds 11 and 12, the 

radical scavenging property of compound 11 against azo radical (Zhang et al., 2006) and with 

DPPH assay (Si et al., 2011) has been reported. In the present study, both compounds showed 

strong suppressive effect on oxidative burst generated by zymosan activated phagocytes using 

chemiluminescence technique. 
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Chapter 5 

Experimental 

5.1: General Experimental Conditions 

For the isolation of secondary metabolites from plant species Salix acmophylla Boiss. The 

following techniques were used. 

5.1.1: Chromatographic Techniques 

Silica gel (E. Merck, type 70-230 Mesh) and HPLC (LC-908W, Japan Analytical Industry 

Co., Ltd.) M-80 C18 (ODS) were used in the purification of natural products.  The pre-coated 

silica gel TLC (20 × 20, 0.5 mm thick) were used for the validation of sample purity and 

examined under UV light at 254 nm for fluorescent quenching and 366 nm for fluorescent 

compounds. After detection under UV light, the spots on TLC plates were further visualized 

by spraying with cerium (IV) sulphate solution.  

Some compounds were purified by Reversed-phase High Performance Liquid 

Chromatography (RP-HPLC) using reverse-phase L-80 and H-80 C18 (ODS) (C18) column 

(Japan Analytical Industry Co., Ltd.).  

5.1.2: Spectroscopic Techniques  

The ESI-QTOF-MS and HRESI-MS spectra was recorded on Q-STAR XL (Applied 

Biosystem spectrometer). The IR spectra were recorded on FTIR-8900 (Fourier Transform 

Infrared Spectrophotometer, Shimadzu, Japan) KBr disc. UV/Visible spectra were recorded 

on Evolution UV-Visible spectrophotometer (Thermoscientific, United State). The optical 

rotations were measured on P-2000 polarimeter (JASCO, Japan). 

All 1H-NMR spectra were recorded on Avance 300, 400 and 500 MHz instruments. The 1H-

1H homonuclear correlations were deduced from COSY 45° experiments (See glossary). Short 

range heteronuclear couplings between 1H-13C were deduced through HSQC experiments and 

by HMBC experiments long-range heteronuclear connectivities were determined. The 
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chemical shifts were given in ppm with respect to solvent (CD3OD, D2O, DMSO-d6, CDCl3). 

In 13C-NMR spectra, the signals for CH, CH2 and CH3 were recognized from DEPT 90° 

(Distortionless enhancement by polarization transfer) and DEPT 135° spectra. In DEPT 90° 

spectra contain only CH signals, while DEPT 135° spectra have three types of carbon signals 

i.e., CH3, CH2, and CH signals. All the signals of carbons, including quaternary carbons, 

appeared in broad-band decoupled 13C-NMR spectrum. 

5.1.3: Processing of Plant Material 

The leaves of the plant Salix acmophylla Boiss. were collected in June, 2012, from North 

Waziristan Agency (FATA), Pakistan, and was recognized by Prof. Abdu Rehman. A 

specimen was deposited at the Botany Department, Govt; Post Graduate College Miranshah 

(N.W. Agency). 

5.1.4: Extraction and Fractionation  

The shade dried leaves of the plant Salix acmophylla Boiss. (3 Kg) were grinded to a fine 

powder, and then soaked in MeOH: H2O (7:3) solvent system at room temperature. The 

soaking was repeated for three times (each for 5 days). The resultant extracts were dried 

through rotary evaporator to obtain 700 g of crude extract. The crude extract was then 

suspended in 2 L distilled water, and fractionated among various organic solvents, such as n-

hexane, dichloromethane, ethyl acetate and butanol. The resultant fractions were n-hexane 

(155 g), dichloromethane (90 g), ethyl acetate (75 g), butanol fraction (25g) and aqueous 

fraction (200 g), as shown in (Scheme-1). 
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Scheme-1: Extraction and Fractionation of Salix acmophylla Leaves 
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5.1.5: Purification of Compounds from Ethyl Acetate Fraction  

Ethyl acetate fraction (75 g), of the crude extract of Salix acmophylla Boiss. was loaded onto 

column containing silica gel as a stationary phase. The gradient elution of column with 

dichloromethane, methanol provided various fractions, Sa-1 to Sa-6, as described in 

Experimental section, Scheme-2. The fraction Sa-4 was re-chromatographed with n-hexanes 

and ethyl acetate as mobile phase with increasing polarity from 1 to 10 %, resulting into five 

sub fractions, Sa-4-1 to Sa-4-5 (Experimental section, Scheme-2). The New compounds 

acmophyllin A (7) (60.2 mg) and acmophyllin B (8) (30.1 mg) were obtained as a white solid 

from fraction Sa- 6, which was loaded onto silica gel column, and by gradient increasing the 

polarity of the solvent system from n- hexane to ethyl acetate from 0 %-100 % and obtained 

compound 7 at 30 % n- hexane: ethyl acetate and compound 8 at 10 % n- hexane: ethyl acetate. 

The sub fraction Sa-4-3 was then subjected to High Performance Liquid Chromatography 

(HPLC) having reverse phase silica gel column, which afforded compound 9, 10 (13 mg, 10 

mg) at CH3OH, H2O (6:4) at solvent system.  The subfraction Sa-4-5 was again subjected to 

column chromatography by increasing the polarity of solvent system from n-hexanes to ethyl 

acetate from 30 % to 100 %, and obtained six subfraction, Fr-1- Fr-6. The Fr-1- Fr-4, were 

combined because of same retention time on TLC and reloaded on silica gel column by using 

ethyl acetate- n-hexanes (1:1) as a mobile phase to obtain pure compound 11 (14 mg). 

(Experimental section, Scheme-2). The compounds 12 and 13 (9 mg, 17 mg) (Experimental 

section, Scheme-2) were obtained from the Fr-5 and Fr-6, which were combined because of 

same retention time on TLC and purified by Reversed-phase High Performance Liquid 

Chromatography (RP-HPLC) by using solvent system CH3OH, H2O (1:1) as a mobile phase. 
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Scheme-2: Isolation and Purification of Compounds from the Ethyl Acetate Fraction of 

Salix acmophylla. 
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5.2:  Spectral Data of the New Compounds from S. acmophylla Boiss. 

5.2.1: Acmophyllin A (7) 

New compound acmophyllin (7) was isolated as a white powder from the fraction Sa-6, which 

was imperiled to the column chromatography by increasing the polarity of the solvent system 

from 0 %-100 % (n-hexane: ethyl acetate) and obtained new compound 7 at 30 % n- hexane: 

ethyl acetate. 

 

Physical State   White powder 

Yield    60.2 mg (1.8  × 10-3 %) 

M.P.  198-202°C  

[a] 
28

 D.                                                +30 (MeOH; c 0.001)  

ESI-MS [M +Na] +   m/z 533.1 

HRESI-MS [M +Na] +  m/z 533.1403 (Calc. 533.1423 for C20H23O8Na)   

IR (KBr) 3415 (OH), 2923 (Asymmetric stretching due to C-H), 1712 

cm-1 (ester C=O), 1398 (C=C), 1039 (C-O, bending vibration) 

cm-1. 

                  UV (MeOH) max (ε)   222 nm, 230 nm, 256 nm, 368 nm, 273 nm.  

Observed 1H-NMR (CD3OD, 300 MHz): δ 3.57 (2H, m, H-4’, H-5’), 3.78 (1H, m, H-3’), 

3.96 (1H, d, J = 11.2 Hz, H-6’), 3.78 (1H, overlap, H-6’, 5.17 (2H, dd,  J = 7.6 HZ, H-7’’), 

5.28 (1H, m, H-2’), 5.29 (1H, d, J1,2 = 7.6 HZ, H-1’), 6.73 (1H, t,  J11’’,12’’, 13’’  = 7.5 HZ, 7.2, 
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H-5’’’), 6.88 (1H, d, J3’’’, 4’’’= 8.4 HZ, 1, H-3’’’), 7.03 (1H, m, H-4’’), 7.30 (2H, d, J3’’,4’’’ = 

7.6 HZ, H-3’’, H-6’’), 7.31 (3H, m, H-3, 5, 5’’),  7.41 (2H, m, H-4, H-4’’’), 7.55 (1H, d,  J5’’’, 

6’’’  = 8.0 HZ, H-6’’’), 7.96 (2H, d, J2, 3 = 7.6 HZ, J5, 6 = 7.6 HZ,  H-2, -6).  

5.2.2: Acmophyllin B (8) 

New compound acmophyllin B (8) was purified from ethyl acetate sub-fraction SA-6 of crude 

extract of plant S. acmophylla. The sub-fraction SA-6 was loaded on column containing silica 

gel as a stationary phase and n-hex: ethyl acetate as a gradient mobile phase, to obtained pure 

compound at n-hexane: ethyl acetate (3:7). 

 

Physical State   White powder  

Yield    30.1 mg (9  × 10-4 %) 

M.P.  199-204°C  

[a] 
28

 D.                                                +33 (MeOH; c 0.001)  

ESI-MS [M +H] +  m/z 449.1 

HRESI-MS [M +H] +  m/z 449.1468, (Calc. 449.1468 for C22H25O10) 

IR (KBr) 3413 (OH), 2923 (C-H due to asymmetric stretching), 1712 

cm-1 (ester C=O), 1398, 1616 (C=C of benzene ring), 1085 (C-

H bending vibration) cm1. 

                  UV (MeOH) max (ε)          212 nm, 237 nm, 278 nm, 307 nm. 

Observed 1H-NMR (CD3OD, 300 MHz): δH2.01 (3H, s, H-8’’),  δ 3.40 (1 H , m, H-4’’), 

3.42 (1H, m, H-3’’), 3.47 (1H, m, H-5’’), 3.52 (1H, m, H-2’’), 4.39 (1Hb, dd, J5’’, 6’’= 12 Hz, 
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H-6’’), 4.95 (1H, d, J1’’,2’’= 7.2 Hz, H-1’’), 4.39 (1Ha, dd, J5’’, 6’’= 12 Hz, H-6’’), 5.58 (1H, d, 

J = 12.6 Hz, H-7), 5.48 (1H, d, J = 12.6 Hz, H-7),  6.93 (1H, m, H-3’), 6.86 (1H,  m,  H-5’), 

7.06 ( 1H, d, J4,5 = 7.8 Hz, H-6), 7.23 (1H, m,  H-5), 7.24 (1H, d, J4, 5= 7.2,  H-3), 7.33 ( 1H, 

m, H-4), 7.49 (1H, m, H-4’), 7.87 (1H, dd, J4’,5’, 6’  = 8.1 Hz, 1.8 Hz, H-6’). 

5.3: Spectral Data of the Known Compounds from S. acmophylla Boiss. 

5.3.1: Tremuloidin (9) 

The sub fraction Sa-4-3 was exposed to column chromatography containing C-18 reverse 

phase silica gel as a stationary phase and methanol: water (6:4) as a mobile phase to obtained 

compound 9 as a white solid. 

 

Common Name Tremuloidin 

Physical State   White powder 

Yield    13 mg (1.8  × 10-3 %) 

M.P.  167-170°C (Lit. 207-208°C)  

[a] 
28

 D.                                                 +30 (MeOH; c 0.001) (Lit. +17.1; c 0.3, Pyr) 

ESI-MS [M +Na] +  m/z 413.1 

HRESI-MS [M +Na] +  m/z 413.1233 (Calc. 413.1212 for C20H22O8Na)   

IR (KBr) 3415 (OH), 2923 (Asymmetric stretching due to C-H), 1712 

cm-1 (ester C=O), 1398 (C=C), 1039 (C-O, bending vibration) 

cm-1. 

                  UV (MeOH) max (ε)   222 nm, 230 nm, 256 nm, 368 nm, 273 nm.  
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Observed 1H-NMR (CD3OD, 300 MHz): δH 3.55 (2 H, m, H-4’, -5’), 3.73 (1H, overlap, H-

6’), 3.82 (l H, m, H-3’), 3.94, (l H, d, J6’= 12 HZ, H-6’), 4.29 (IH, d, J = 14.1 HZ, H-7), 4.55 

(IH, d, J = 14.1 HZ, H-7), 5.23 (1H, d, J1’,2’ = 2.4 HZ, H-1’), 5.27 (1H, m, H-2’), 6.98 (1H, m, 

H-4), 7.16 (lH, m, H-6), 7.18 (lH, m, H-5), 7.29 (l H, d, J3,4 = 7.5 Hz, H-3), 7.47 (2H, m, H-

3’’,-5”) , 7.59 (IH, t, J3’’,5’’ = 14.7 HZ, 7.2 Hz, H-4”). 8.06 (2H, d, J 2’’, 3’’and 5’’, 6’’ = 7.2 Hz, H-

2”, -6”). 

5.3.2: Salicoylsalicin (10)  

Compound 10 was obtained as a white powder from the subfraction Sa-4-3, which was 

subjected to column chromatography containing C-18 reverse phase silica gel as a stationary 

phase and methanol: water (6:4) as a mobile phase. 

 

Common Name Salicoylsalicin 

Physical State   White powder 

Yield    10 mg (1.4  × 10-3 %)  

M.P.  355-359 °C (Lit. 357-360 °C) 

[a ] 
28

 D.  -77 (MeOH; c 0.001), (Lit.-43; 80 %, Me2CO aq) 

ESI-MS [M +Na] +  m/z 429.0 

HRESI-MS [M +Na] + 429.1795 (Calc. 429.1811 for C20H22O9Na) 
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IR (KBr)    3413 (OH), 2923 (C-H due to asymmetric stretching), 1712 cm-

1 (ester C=O), 1398, 1616 (C=C of benzene ring), 1085 (C-H 

bending vibration) cm1. 

UV (MeOH) max (ε)  212 nm, 237 nm, 278 nm, 307 nm. 

Observed 1H-NMR (CD3OD, 300 MHz): δH 3.40 (1 H , m, H-4’’), 3.42 (1H, m, H-3’’), 3.47 

(1H, m, H-5’’), 3.52 (1H, m, H-2’’), 3.89 (1H, dd, J5’’, 6’’= 12 Hz, H-6’’), 3.64 (1H, overlap, 

H-6’’), 4.95 (1H, d, J1’’,2’’= 7.2 Hz, H-1’’), 5.58 (1H, d, J = 12.6 Hz, H-7), 5.48 (1H, d, J = 

12.6 Hz, H-7),  6.93 (1H, m, H-3’), 6.86 (1H,  m,  H-5’), 7.06 ( 1H, d, J4,5 = 7.8 Hz, H-6), 7.23 

(1H, m,  H-5), 7.24 (1H, d, J4, 5= 7.2,  H-3), 7.33 ( 1H, m, H-4), 7.49 (1H, m, H-4’), 7.87 (1H, 

dd, J4’,5’, 6’  = 8.1 Hz, 1.8 Hz, H-6’). 

5.3.4: Grandidentin (11) 

The sub-fraction Fr-5 and Fr-6 obtained from the sub-fraction Sa-4-5 (Scheme-2) were 

recombined, because of same retention time and property on TLC and they were subjected to 

the reversed-phase high performance liquid chromatography (RP-HPLC) by using CH3OH, 

H2O (1:1) as a mobile phase to obtain compound 11. 

 

Common Name       Grandidentin 

Physical State   White powder 

Yield    9 mg (1.2  × 10-3 %)  

M. P.  259-260°C) (Lit. 264–265°C) 
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[a] 
28

 D.    +55 (MeOH; c 0.001) (Lit. +33.3; c 0.1, MeOH) 

ESI-MS [M +H] +  m/z 425.1 

HRESI-MS [M +H] +  m/z 425.1795 (Calc. 425.1811 for C21H29O9)   

 IR (KBr) 3413 (OH), 2925 (C-H due to asymmetric stretching), 1712 

cm-1 (ester C=O), 1442, 1612 (C=C of benzene ring), 1035 (C-

H bending vibration), 1712 (ester C=O), 3234 (OH due to H-

bonding), 1510 (C=C) cm-1. 

UV (MeOH) max (ε)             213 nm, 230 nm, 298 nm, 311 nm. 

Observed 1H-NMR (CD3OD, 300 MHz): δH 1.18 (2H, m, H-5’’), 1.41 (2H, m, H-4’’), 1.43  

( 2H, m, H-3’’), 1.46 (2H, m, H-6’’), 3.00 (1H, m, H-4’), 3.51 (1H, m, H-5’), 3.59 (1H, m, H-

2’’), 3.65 (1H, m, H-3’), 3.71 (1H, m, H-6’), 3.75 (1H, m, H-1’’), 3.84 (1H, m, H-6’), 4.62 

(1H, d, J1’, 2’ =6 Hz, H-1’), 4.84 ( 1H, dd, J = 7.2 Hz, 6.3 Hz, H-2’), 6.36 (1H, d, J7 = 12 Hz, 

H-8), 6.88 (2H, d, J2,3 and 5,6 = 6.3 Hz, H-3,-5),7.54 (2H, d, J2,3 and 5,6 = 6.3 Hz, H-2, 6), 7.62 

(1H, d, J7,8 = 12 Hz, H-7). 

5.3.3: 2’-O-(E)-ρ-Coumaroylsalicin (12) 

The sub-fraction Sa-4-5 was again subjected to column chromatography by increasing the 

polarity of solvent system from n-hexanes to ethyl acetate from 30% to 100%, and obtained 

six sub-fraction i.e., Fr-1- Fr-6. These sub-fraction were recombined because of same 

retention time and property on TLC and again subjected to normal phase column by using 

ethyl acetate- n- hex (1:1) as a mobile phase to obtain pure compound 12. 
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Common Name 2’-O-(E)-ρ-Coumaroylsalicin 

Physical State   White powder 

Yield    14 mg (2.0  × 10-3 %) 

M.P.  355-359 °C (Lit. 358-360 °C) 

[a] 
28

 D.  -30 (MeOH; c 0.001) (Lit. -19.33; c 0.651, MeOH) 

ESI-MS [M +H] +  m/z 433.1 

HRESI-MS [M +H] +  m/z 433.1504 (Calc. 433.1498 for C22H25O9)   

IR (KBr) 3415 (OH), 2923 (C-H due to asymmetric stretching), 1712 

cm-1 (ester C=O), 1400, 1612 (C=C of benzene ring), 1095 (C-

H bending vibration), 1703 (ester C=O), 1506 (C=C) cm-1. 

UV (MeOH) max (ε)   213 nm, 230 nm, 311 nm. 

Observed 1H-NMR (CD3OD, 300 MHz): δH 3.50 (1H, m, H-4’’), 3.52 (1H, m, H-5’’), 3.71 

(1H, m, H-3’’), 3.75 (1H, overlap, H-6’’), 3.93 (1H, d, J =11.7 Hz, H-6’),  4.46 (1H, d, J7 

=14.1 Hz, H-7), 4.61 (1H, d, J7 = 14.1 Hz, H-7), 5.12 (1H, d, J1’,2’ = 2.7 Hz, H-1’’), 5.12 (1H, 

m, H-2’’), 6.39 (1H, d, J7’ , 8’ = 15.9 Hz, H-8’), 6.78 (2H, d, J2’ ,3’and 5’,6’ = 8.7 Hz, H-5’, -3’), 

7.00 (1H, m, H-4), 7.14 (1H, d, J5, 6 = 7.8 Hz, H-6), 7.21 ( 1H, t, J4, 6  = 8.4 Hz, 7.2, H-5), 7.35 

(1H, d, J3,4 = 7.5 Hz, H-3), 7.45 (2H, d, J2’,3’and 5’,6’ = 8.4 Hz, H-2’, H-6’), 7.69 (1H, d, J7’,8’ = 

15.9 Hz, H-7’). 

5.3.5: Salicin (13) 

 

Common Name Salicin 

Physical State   Colorless crystals 

Yield    17 mg (2.4× 10-3 %)  

M.P.  191-192 °C (Lit. 191-192 °C) 
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[a] 
28

 D.  -54 (H2O; c 0.001) (Lit. -62.5; c 3, H2O) 

ESI-MS [M +H] +  m/z 287.1 

HRESI-MS [M +H] +  m/z 287.1144 (Calc. 287.1130 for C13H19O7)   

IR (KBr) 3408 (OH), 2929 (C-H due to asymmetric stretching), 1496, 

1614 (C=C of benzene ring), 1083 (C-H bending vibration) 

cm-1. 

UV (MeOH) max (ε)   213 nm, 222 nm, 227 nm, 269 nm, 301 nm. 

Observed 1H-NMR (D2O, 300 MHz): δH 3.37 (1H, m, H-4’), 3.45(1H, m, H-5’), 3.48 (1H, 

m, H-3’), 3.50 (1H, m, H-2’), 3.61(1H, dd, J5’,6’ = 12.3 Hz, 5.7 Hz, H-6’), 3.77 (1H, dd, J = 

12.3 Hz, 2.1 Hz, H-6’), 4.58 (2H, dd, J7 = 12.9 Hz, 7.5 Hz, H-7), 4.91 (1H, d, J1’,2’= 5.3 Hz, 

H-1’), 7.01 (1H, t, J2,5 = 7.5 Hz), 7.07(1H, d, J5,6 = 8.1Hz, H-6), 7.22 (1H, m, H-3), 7.27 (1H, 

m, H-5). 
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5.2: Cytotoxicity Studies  

5.2.1: Materials  

NCI-H460 cells and MCF-7 cells were purchased from ATCC and PSN-1 cells from ECACC. 

Cell culture medium (RPMI) from Hyclone.  Fetal bovine serum from PAA. MTT dye from 

Bio Basic.  

5.2.2: Methods 

Cytotoxicity of compounds 7-11 determined by using MTT (3- (4, 5-Dimethylthiazol-2-yl)-

2, 5-Diphenyltetrazolium Bromide) reagent. This salt has the ability to become reduced and 

form insoluble formazan crystals in the presence of NADPH dependent oxido-reductase 

enzymes. This reduction is directly proportional to the metabolic activity and number of the 

viable cells in whole population. Three different cell lines from different origin were cultured 

in 96 well plates at their respective concentrations i.e. NCI-H460 (lung cancer cells) at 2 x 

104 per ml, PSN-1 (pancreatic cancer cells) at 4 x 104 per mL, and MCF-7 (breast cancer 

cells) at 3 x 104 per ml. Plates were kept under 5 % CO2 overnight at 37 °C. Next day, all type 

of cells were treated symmetrically with 0 µM (untreated control), 25 µM, 50 µM, 100 µM 

and 200 µM and placed again at 37 °C in 5 % CO2 for 48 hours. DMSO (0.5 %) was added as 

a vehicle control and only medium was added in blank control wells.  After incubation, wells 

were emptied and MTT dye (5 mg / ml stock) along with fresh medium was added in such a 

way that the final concentration achieved was (0.5 % mg / mL). Plates were kept aseptically 

in above mentioned conditions for 4 hours.  Then, formazan crystals were dissolved in pure 

DMSO with gentle shaking. Absorbance was measured using 550nm filter of photometer 

(Thermofisher scientific) and percent inhibition was calculated using the following formula: 

percent inhibition = [(OD of the treated well- OD of untreated well) / OD of the untreated 

well] x 100. 

5.3: Oxidative Burst Assay using Chemiluminescence Technique 

Luminol-enhanced chemiluminescence assay was performed, as described by Helfand 

(Helfand et al., 1982). Briefly 25 µL of neutrophils isolated from blood of healthy human 
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volunteers using ficoll hypaque density gradient method was incubated with 25 µL of of 

compounds using three different concentrations (2, 20 and 200 µM) in triplicate. Control wells 

received HBSS++ and cells, but no compounds. Test was performed in white half area 96 well 

plates [Costar, NY, USA], which was incubated at 37 ºC for 15 minutes in the thermostat 

chamber of luminometer [Labsystems, Helsinki, Finland]. After incubation, 25 µL of serum 

opsonized zymosan (SOZ) [Fluka, Buchs, Switzerland] and 25 µL of intracellular reactive 

oxygen species detecting probe, luminol [Research Organics, Cleveland, OH, USA] were 

added into each well, except blank wells (containing only HBSS++). The level of the ROS was 

recorded in luminometer in term of relative light units (RLU).  
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Chapter 6 

Introduction to Peptides  

6.1: Peptides 

Peptides are made from small residues called amino acids, which are connected by amide 

bonds to form chains (Figure-18). Shorter peptides usually have 2−50 amino acid residues, 

while longer chains of amino acids are defined as proteins. There are 21 different type of 

amino acids occurring in nature with a variety of characteristics in the side chains (R1−R4) to 

provide a wide scope of peptides and proteins with enormous variation in properties and 

function (Freidinger, 1999). 

 

Figure-18: A Short Peptide with Amino Acid residue and an 

Amide bond Highlighted. R1-R4 Represents Amino Acid Side Chains. 

Casein phosphorylated peptides was the first bioactive peptide reported by Mellander in 1950, 

responsible to increase vitamin D level.in rachitic infants (Mellander, 1950). Biologically 

active peptides generally contain 2 to 30 amino acids and less than 3 kDa in size (Andavan & 

Lemmens-Gruber, 2010). These peptidal parts within the parent protein do not show any 

biological activity but upon cleavage the resulting peptides become biologically active. 

Different methods are used for the cleavage of peptidal parts from the parent protein, including  

enzymatic hydrolysis, bacterial fermentation using lactic acid (LAB) or proteolytic bacteria , 

acid / base  hydrolysis, autolysis at high temperature for prolonged time , and digestion in the 

gastrointestinal tract (Hayes, 2012).  A variety of proteins and peptides as drugs have been  
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discovered, such as prostate cancers (peptide based gonadotropin-liberating hormone), ulcers 

(somatostatin), hypothyroidism (thyrotropin-releasing hormone (TRH), diabetes (insulin) and 

uterus contractions (oxytocin), but their use as a drug is limited because oral rout of 

administration are not effective (Antosova et al., 2009). 

Therapeutic applications of the bioactive peptides are limited because of their limited 

circulation time in the blood due to their enzymatic degradation. The low oral bioavailability 

(from 1-2%) of many peptide drugs is due to their enzymatic degradation, poor permeability 

across the intestinal membrane, degradation by acid hydrolysis and proteolytic enzymes in the 

stomach (Aungst, 2000). The problem of bioavailability is further intensified by increasing 

molecular size and hydrophilicity of peptide based drugs (Pauletti et al., 1996, Banga & Chien, 

1988).  

A molecule passes through the intestinal epithelium by two main routes i.e., between 

neighboring cells (paracellular transport) and through cells (transcellular transport) 

(Daugherty & Mrsny, 1999). The lipophilic drug candidates travel transcellularly through the 

intestine membrane, whereas the hydrophilic ones find paracellular way to pass through the 

intestinal membrane (Salama et al., 2006). Mostly drugs are transported transcellularly, and 

depending on the physicochemical properties of the drugs (Lipka, Crison, & Amidon, 1996). 

The molecular weights of most of peptide drugs are more than 500 kDa and due to their high  

hydrophobicity, they have poor diffusion across the intestinal membrane (Aungst et al., 1996), 

additionally, peptide-based drugs are degraded by enzymatic as well as non-enzymatic 

process, the latter is mainly due to various physico-chemical changes.  Physical changes 

include precipitation and aggregation, caused by various factors such as light, temperature and 

pH (Wang et al., 2010) results in poor absorption and loss of conformation in the peptide 

based drugs (Zhou & Po, 1991). The medicinal chemists have therefore made considerable 

efforts to overcome the low absorption problem and ensure effective delivery of proteins and 

peptides by using peptide mimics (peptidomimetics). The use of which decrease the rate of 

peptide bond cleavage or completely hinder it, these process generally include; Peptide-end 

modification, N-methylation of the amide, transformation of amide (peptide) bonds into 

peptoids  by de-peptidization or by decreasing the molecular mass i.e. converting into smaller 
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molecules than a peptide, or by changing S-amino acid with R-amino acid at one or both end 

(Figure-19) (Pauletti et al., 1996). 

The phage-display screening and related advance technologies have led to discovery of high 

throughput peptide drugs that could inhibit the specific biological reactions and thus make 

effective delivery of peptide drugs, such drugs have successfully promoted to pre-clinical and 

clinical entities (Figure-20) (Ladner et al., 2004). 

Figure-19: Modification Reported of Commonly Used Peptide to Increase Proteolytic 

Stability (Pauletti et al., 1996). 
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Figure-20: Structures of Original Peptide (leads) and their Advanced Peptide Mimics 

(Drugs) (Ladner et al., 2004). 

6.2: Cyclic Peptides 

Cyclic peptides are of important interest to medicinal chemists because most peptide 

antibiotics are cyclic in nature and contain both D and L amino acid residues therefore many 

cyclic peptides possessing good biological activities have been successfully isolated from 

microorganisms plants, tunicates and some marine sponges (Fusetani & Matsunaga, 1993).  
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The use of many cyclic peptides as drugs such as octreotide, calcitonin, cyclosporine A, nisin, 

polymyxin and colistin, gramicidin S, and bleomycin increase alertness of the use of peptides 

as a drug (Wipf, 1995, Hamada & Shioiri, 2005, Pomilio, Battista et al., 2006). As cyclic 

peptides have restricted conformation, therefore, they have stronger and more selective 

receptor-binding affinities and enhanced resistance to both exo- and endoproteases (Hruby, 

1982; Al-Obeidi et al., 1989). The non-ionized C- and N-ends of the cyclic peptides causes 

their high membrane permeability, increase resistance to enzymatic degradation, and 

improved bioavailability (Tyndall et al., 2005). 

 Linear peptides are required at high dose as an effective drug due to many conformational 

possibilities. However, cyclic structures of peptide have been found to have restricted 

conformations and therefore they have more potential as new drug leads (Mesfin et al., 2001).  

A number of various structurally and functionally modified synthetic cyclic peptides have 

showed promising biological activities like that of natural cyclic peptides (Hartgerink et al., 

1996).  

Cyclic peptides are of two types, i.e., i) Homodetic peptides; the peptide which contain only 

peptide linkage, and ii) Heterodetic peptides; the peptides which contain other linkages also 

such as ester (lactone), ether or thioether and disulfide linkage. For cyclizing linear peptide, 

several chemical methods have been developed (Wiley & Rich, 1993). The change of the 

arrangement, removing or introducing new residues of a bioactive peptide can lead to a loss 

of bioactivity. Therefore, synthesis of homodetic cyclic peptides is often favored. A linear 

peptide may be cyclized by using; head-to-tail method, linking the side chain-to-side chain, 

and head to side chain technique and by the incorporation of non-peptidic groups. 

Macrocyclization of the linear peptide is a challenging goal because of the presence of the 

amino acid components, furthermore, small to medium size peptides are favorable for 

cyclization but, the ground state cis geometry of the peptide bond hinders the peptide to attain 

ring-like conformation. Larger ring sizes do not face this problem because they can 

accommodate trans peptide bonds (Adessi & Soto, 2002; Gilon et al., 1991; McGeary & 

Fairlie, 1998; Gilon et al., 1991; Beutler, 1999). 

The development of natural peptides as drug candidates is hindered by the difficulty in 

isolating sufficient amounts of peptides from the natural sources.  
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Structure determination and stereochemical investigation of the peptide isolated from nature 

as a challenging task due to small amount and their structural complexity, even employing the 

state of the art spectroscopic instrumentation. Therefore, synthetic chemistry have important  

contributions in the synthesis of sufficient quantities of peptides for confirmation of structures 

of natural compounds and for drug development studies (Fenical, 1993). 

6.2.1: Anti-inflammatory Cyclic Peptides 

Inflammation is an immune response of the body towards the injured cells and /or tissues 

(after foreign pathogen exposure or physical injury) via the the production of cytokines and 

interleukins. The cytokines are of two types. i. Pro-inflammatory cytokines, which increases 

inflammation, e.g., IL-1, IL-6, TNF α, and ii. Anti-inflammatory cytokines, which decrease 

inflammation and increase healing process, e.g., IL-3 and IL-4  (Sugano et al., 1991). 

Marin organisms are emerging as a new chemical reservoir for the discovery of drugs. Various 

bioactive compounds have isolated from various marine source before 30 years (Fenical, 

1993).  

Cyclomarin A isolated from ethyl acetate fraction of a cultured marine bacterium in San 

Diego, was found to have potent anti-inflammatory activity in the phorbol ester (PMA)-

induced mouse ear edema assay. It showed 92 % inhibition of edema at the standard testing 

dose of 50 µg / ear, while indomethacin, standard anti-inflammatory drug showed 72 % 

inhibition at the same screening dose (Renner et al., 1999). 

 

Cyclomarin A 
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Duncan Haworth in 1999, studied the anti-inflammatory effect of small synthetic peptide (c 

(ILDV-NH (CH2)5CO) and CS-1 linear peptide of 25 amino acids against Very Late Antigen 

(VLA) - 4 facilitated cell adhesion to fibronectin in vitro. The result showed that cyclic peptide 

has five times more potent activity as compared to linear peptide. Change in  methylene groups 

in the cyclic peptide (c (ILDV-NH (CH2)5CO) have no outcome on the activity, but when the 

methylene group was decreased to three, then the resulting compound became inactive at 100 

µM (Haworth et al., 1999).  

 

(c (ILDV-NH (CH2)5CO) 

The seeds of Annona squamosa L. contain several cyclic peptides, including anti-

inflammatory cyclic peptides such as cyclosquamosin D (A1) and cherimolacyclopeptide B. 

cyclosquamosin D (A1) inhibited the production of proinflammatory cytokines within 

lipopolysaccharide and macrophages (Dellai et al., 2010). The first total syntheses of 

cyclosquamosin D (A1), cherimolacyclopeptide B and its analogues were  reported by Afef 

Dellai in 2010, in which  analogues A10, A11 and A12 (Table-9) effectively suppressed IL- 

6 secretion, similarly analogues of cherimolacyclopeptide B (Table-10) i.e., B6 and B7 

significantly reduced IL- 6 and TNF- α secretion similar to the parent compounds (Yang et 

al., 2007).  
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Cyclosquamosin D (A1)                                               Cherimolacyclopeptide B 

Table-9: Amino acids Sequence of Cyclic Cyclosquamosin D (A1) and its Analogues 
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Table-10: Amino acids Sequence of Met-cherimolacyclopeptide B (B1) and its Analogues 

Many anti-inflammatory peptides have been isolated from Marine sponges of the genus 

Theonella. Among them, perthamide C (1) and perthamide D (2) (Festa et al., 2009; 2011), 

solomonamides A and B are potent anti-inflammatory cyclic peptides (Kashinath et al., 2012). 

 

                      R=OH Perthamide C                                      R= OH Solomonamides A 

                      R=H   Perthamide D                                       R=H     Solomonamides B 

 

 

 

  Xaa1 Xaa2 Xaa3 Xaa4 Xaa5 Xaa6 Xaa7 

B1 Fmoc-Glu-O-t-Bu Pro Ile Pro Leu Met Gly Thr 

Leu Fmoc-Glu-O-t-Bu Ala Ile Pro Leu Met Gly Thr 

Leu Fmoc-Glu-O-t-Bu Pro Ala Pro Leu Met Gly Thr 

Leu Fmoc-Glu-O-t-Bu Pro Ile Ala Leu Met Gly Thr 

Leu Fmoc-Glu-O-t-Bu Pro Ile Pro Ala Met Gly Thr 

Leu Fmoc-Glu-O-t-Bu Pro Ile Pro Leu Ala Gly Thr 

Leu Fmoc-Glu-O-t-Bu Pro Ile Pro Leu Met Ala Thr 

Leu Fmoc-Glu-O-t-Bu Pro Ile Pro Leu Met Gly Ala 

Leu Fmoc-Glu-O-t-Bu Pro Ile Pro Leu Met Gly Ser 

Leu Fmoc-Glu-O-t-Bu Pro Ile Pro Leu Met Gly Tyr 

Leu Fmoc-Glu-O-t-Bu Pro Ile Pro Leu Met Gly D-Tyr 

Leu Fmoc-Glu-O-t-Bu Pro Ile Pro Leu Met Gly D-Tyr 

Leu Fmoc-Glu-O-t-Bu Pro Ile Pro Leu Met Gly D-Ser 
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Papua New Guinean marine sponge Stylissa massa contain cyclic heptapeptide, stylissatin A 

(1). It was reported to inhibited NO. production in LPS stimulated RAW264.7 cells with an 

IC50 value of 87 µM (Kita et al., 2013). 

 

Stylissatin A 

The plants belonging to the family Caryophyllaceae produce cyclic peptides containing 5–9 

proteinogenic amino acids. Most of them are biologically active in mammalian systems. 

Brachystemma calycinum D. Don. (Caryophyllaceae) is known to contain cyclopeptides 

brachystemins A-I (Yong-Xian et al., 2001; Cheng et al., 2001; Cheng et al., 2011) and 

duanbanhuain A-C (Zhao et al., 2011) (Table-11). B. calycinum is used as a chinese folk 

medicine as an anti-inflammatory herb. Due to the use of as an anti-inflammatory herb in 

china, the cyclic peptides constituents of this plant were tested in vitro as anti-inflammatory 

agent. Brachystemin A (1) was identified as the most active constituent as it significantly 

decreases the secretion of interleukin 6, chemokine ligand-2, and collagen IV and show no 

toxicity in mesangial cells ( Cheng et al., 2000), Similarly duanbanhuain B also showed 

significant inhibitory activity against the secretion of IL-6 and MCP-1 at 10 μM. 

Among the various cyclic peptides isolated from Brachystemma calycinum D. Don. the 

synthesis of  two cyclic peptides, i.e., brachystemins A and F have been reported by two-step  

solid-phase/solution phase strategy ( Scheme-3, Scheme-4) (Fang et al., 2014; R. w. Li et al., 

2014)
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Table-11: Summary of the Previously Isolated Cyclic Peptides from Brachystemma calycinum

Sr.No Name of 

Compounds 

Anti-inflammatory 

effect   

Structure References 

1 Brachystemin A Significant Cyclo–(Pro–Phe–Ala–Thr– Leu–Pro–Ala–Gly) (Yong-Xian et al., 2001) 

2 Brachystemin B Unknown Cyclo–(Pro–Ala–Trp– Phe–Asp–Pro–Leu–Gly) (Yong-Xian et al., 2001) 

3 Brachystemin C Unknown Cyclo–(Pro–Ile–Pro– Gly–Val–Ala–Ala–Tyr) (Yong-Xian et al., 2001) 

4 Brachystemin D Unknown Cyclo–(Pro–OMet–Trp–Gly–Ile–Ala–Leu–Asp) (Yong-Xian et al., 2001) 

5 Brachystemin E Unknown Cyclo–(Pro–Gly–Ile–Leu–Pro–Asn–Trp–Ile) (Cheng et al., 2001) 

6 Brachystemin A Significant Cyclo–(Pro–Pro–Ala–Gly–Leu–Ala–Thr–Phe) (Cheng et al., 2011) 

7 Brachystemin F Significant Cyclo–(Pro–Val–Gly–Thr– Leu–Pro–Thr–Phe) (Cheng et al., 2011) 

8 Brachystemin G Not Significant Cyclo–(Pro–Ala–Gly–Thr–Phe – Pro–Thr–Trp) (Cheng et al., 2011) 

9 Brachystemin H Not Significant Cyclo–(Pro–Phe–Ile–Gly–Ala–Pro–Trp–Asn) (Cheng et al., 2011) 

10 Brachystemin I Not Significant Cyclo–(Pro–Trp–Pro–Ala–Gly–Phe–Thr–Thr) (Cheng et al., 2011) 

11 Duanbanhuains A Significant Cyclo– (Tyr–Pro–Pro–Ile–Ser–Phe–Ala–Ser) (Zhao et al., 2011) 

12 Duanbanhuains B Significant Cyclo–(Leu– Pro–Phe–Gly–Pro–Ala–Trp–Asp) (Zhao et al., 2011) 

13 Duanbanhuains C Not Significant Cyclo–(Phe– Gly–Gly–Ala–Gly–Trp–Thr–Thr) (Zhao et al., 2011) 
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Scheme-3: Previously Reported SPPS of Brachystemin A 
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Scheme-4: Previously Reported SPPS of Brachystemin F 
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6.3: Antimicrobial Peptides 

The first antimicrobial peptides (AMP) gramicidin were isolated from Bacillus brevis in 1939, 

and was found to be active against grame-positive bacteria (Dubos, 1939, Gause & 

Brazhnikova, 1944). They were the first peptide commercially synthesized as antibiotics (Kiss 

& Michl, 1962). 

Antimicrobial peptides are not found only in prokaryotes, but also found in eukaryotes, which 

have no proper adaptive amino system (plants and insects). They also produce antimicrobial 

peptides for their defense e.g., bombinin isolated from orange speckled frog Bombina 

variegate (Groves, Peterson, & Kiddy, 1965), lactoferrin (antimicrobial protein) isolated from 

milk (Hultmark et al., 1980), cecropins (cationic antimicrobial protein) isolated from pupae 

of the silk moth (Zasloff, 1987), magainins (cationic antimicrobial peptide) isolated from 

African clawed frog, Xenopus laevis (Ganz, 2003). Thus on the bases of these results, it was 

hypothesized that organisms lacking an adaptive immune system are protected from bacteria 

by antimicrobial peptides (Lemaitre et al.,1996).  

In the middle of 1990s, it was discovered that the fruit fly, Drosophila melanogaster, were 

infected by fungi when the gene responsible for the production of AMPs was deleted (Durán 

et al., 2011). AMPs have briefly studied not only organisms having adaptive immune system 

(Barbosa et al., 2011, Bulet & Stocklin, 2005; Lee et al., 2012), but also in other organisms 

having no adaptive immune system. In addition, these studies prove that AMPs play an 

significant role in the immune system of mammals, including humans (Sperstad et al., 2011, 

Hancock et al., 2006, Arias & Murray, 2009).  

Multidrug resistance (MDR) pathogens are the main cause of mortality on a global scale and 

are increasingly day by day (Livermore, 2009, Costelloe et al., 2010). This is now generally 

accepted that one major factor of MDR is the over recommendation and misuse of antibiotics. 

This demands a search for new antimicrobial agents effective against drug resistant pathogens. 

Since the late 1970, pharmaceutical industries have marketed only two new classes of 

antibiotics: cyclic lipopeptides and oxazolidinones, among them, none have remarkable 

activity against MDR (multiple drugs resistant) gram’s negative bacteria (Norrby et al., 2005). 

Many problems, including social, political, economic, and environmental factors have been 
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involved in the spread of infectious diseases; therefore their treatment has become heavy 

burden on health care services (Cars et al., 2008). In response, resolutions were approved by 

the World Health Organization (WHO) had approved a resolution in 2001, which emphasized 

that microbial resistance to drugs is a major problem to human health and a intensive global 

response is needed to counter this problem (J. A. Hoffmann et al., 1999). 

Peptides are reported as potent drug of choice (Hancock, 2001, Conlon, 2004, Toke, 2005). 

Peptide-based drugs are also facing resistance as reported in vitro experiments (Perron et al., 

2006), although the rate of resistance is much lower as compare to other types of therapeutic 

agents (Zasloff, 2002). Moreover, the difficulties with peptidal antimicrobials are shorter 

circulation half-life. Additionally, topical usage of peptidal antimicrobial agents with spray or 

ointments base shows acceptable absorption ability into stratum corneum, which make their 

application more in topical as compare to systemic administration.  Antimicrobial peptides are 

obtained from all natural resources. Due to their widespread occurrence they are thought to be 

conserved throughout evolution as part of the innate immune response. The increasingly 

growing resistance to antibiotics has geared research efforts towards understanding the 

mechanistic and potential roles of antimicrobial peptides with development for replacing or 

reinforcing the role of antibiotics in therapeutic applications. In addition, antimicrobial 

peptides have also been reported to modulate various disease reduction processes in the body 

such as influencing inflammation, chemotaxis, the release of cytokines, and maintaining the 

balance of proteases and protease inhibitors (Bals, 2000). Thus, they also have a role as 

potential drugs in the treatment of wounds and inflammation. The exact mechanism by which 

antimicrobial peptides kill microorganisms has yet to be fully understood. They are known to 

actively bind to microbial membranes, although the exact conformation through which they 

bind is still being under investigation. Antimicrobial peptides tend to be rich in the positively 

charged amino acids: lysine, arginine, and histidine. This allows them to bind the typically 

negatively charged cell membranes of bacterial pathogens while leaving neutral charged 

eukaryotic membranes intact. Once bound to the membrane, they seem to make it permeable 

to ions and other cellular content, which causes great harm or even death to the cells (Yeaman 

& Yount, 2003).  
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Peptides, secreted from amphibian skins, are the first line of defense against microorganisms. 

Therefore, they are found to possess antimicrobial wound healing, anticancer, anti-leishmanial 

and oxidant scavenging activities (Clarke, 1997, J. Li et al., 2007, Conlon, Kolodziejek et al., 

2004 , Montecucchi et al., 1981, Liu et al., 2010, You et al., 2009, Hailong Yang et al., 2009, 

Duda et al., 2002). Amphibians possess well-developed immune systems (Elkan & Cooper, 

1980; Manning, 1979)  but have no effective defense against fungal infections 19 (Elkan & 

Cooper, 1980).  Many antimicrobial peptides, belonging to at least 50 classes, have been 

reported from families of frogs, such as Pipidae, Hylidae, Hyperoliidae, and Ranidae (Ma et 

al., 2010), and on the basis of their amino acids residues, they are classified into various 

groups, i.e.  brevinin-1 (17–24 amino acids residues) and -2 (30–34 amino acids residues), 

esculentin-1 (46 amino acids residues) and -2 (37 amino acids residues), gaegurins (24–37 

amino acids residues), palustrin (31 amino acids residues), japonicin-1 (14 amino acids 

residues) and -2 (21 amino acids residues), ranalexin (20 amino acids residues), ranatuerin-

1(25 amino acids residues) and -2 (33 amino acids residues), rugosins (33–37 amino acids 

residues), nigrocin-2 (21 amino acids residues), and temporin (10–17 amino acids residues) 

(J. Li et al., 2007). 

The Limnonectes kuhlii frogs (family Ranidae, subfamily Dicroglossinae) are found along the 

edges of small, moderately fast streams in Southern and Southeastern Asia. Guoxiang Wang 

et al., have recently reported five novel AMPs (rugosin-LK1, temporin-LK1, rugosin-LK2, 

gaegurin-LK1 and gaegurin-LK2), from skin secretions of Limnonectes kuhlii frog.  

Edman degradation, and mass spectrometry were used for the determination of amino acid 

sequences of these AMPs, and further inveterate by cDNA cloning. Among these peptides, 

temporin-LK1 (17 amino acid residues) including four phenylalanines, was found to have 

unique antimicrobial activity and showed the strongest antimicrobial activities against S. 

aureus, and P. aeruginosa. Some antimicrobial peptides exhibit hemolytic activities by 

interacting with eukaryote membranes. At 100 g / mL concentration temporin-LK1 induced 

10.2 % rabbit red blood cell hemolysis (Duda et al., 2002). 
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Chapter 7 

Introduction to Solid-Phase Peptide Synthesis 

7.1: Fmoc Solid-Phase Peptide Synthesis 

Email Fisher was first scientist, who discover methodology for peptide synthesis, but the main 

problem in the peptide synthesis was to protect the carboxyl and amino groups of the two amino 

acids linked together (Fischer & Fourneau, 1901). The carbobenzoxy group was then 

introduced as a protecting agent (Bergmann & Zervas, 1932). Following the pioneer work of 

Max Bergmann and Vigneaud in 1953, the first synthesis of peptide hormones was carried out, 

however such solution-phase synthesis of peptides was difficult and time consuming 

(Vigneaud et al., 1953).  

In 1963 R. B. Merrifield developed solid-phase peptide synthesis (SPPS) and awarded with 

the Nobel Prize in 1984. In this method first amino acid of the peptide chain was covalently 

bounded with a solid polymer, and then next amino acids was added to the peptidal resin in a 

stepwise manner until the required peptide is formed, and finally the peptide was braked from 

the solid support (Merrifield, 1963) (Figure-21). 

 

Figure-21: The General Scheme for Solid-phase Synthesis 

The Fmoc SPPS (9-fluorenylmethoxycarbonyl-solid phase peptide synthesis) approach was 

established in 1972 by Carpino. In Fmoc SPPS, acid labile-type protecting groups are used 

for side chain functionality of the tri functional amino acids. This approach has many benefits, 
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i.e., stable and weak acid cleavage process, short synthetic time, high yield, less toxicity and 

low cost (Carpino & Han, 1972). 

7.2: Polymeric Support 

The solid supports used in SPPS, are made up of an insoluble polymer with sufficient 

mechanical stability and with desirable physiochemical properties to make possible solid-

phase synthesis. Specifically, solid support must be  i) with constant and suitable size and 

shape; ii) be inert  to all reagents and reactions conditions; iii) allow fast solvent and reagent 

diffusion; iv) have good swelling property in the solvents used ; v) be suitably functionalized 

to enable the attachment of the linker or the first amino acid (Miranda & Alewood, 2000).  

7.2.1: Resin 

Resins are the most used solid support for SPPS. They are composed of small polymeric beads, 

being cross-linked polystyrene (Figure-22), polyacrylamide and polyethylene glycol (PEG) 

attached on cross-linked polystyrene. 

 

Figure-22: Resin for SPPS 
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7.2.2: Linkers used in Solid-phase Peptide Synthesis (SPPS) 

Linker is the key element for solid-phase peptide synthesis, which keeps peptide and solid 

support attach to each other during different steps of peptide synthesis. 

Linkers should be stable and allow attachment of the starting material to the support easy. 

Some common linkers used in the current research work are listed below. 

7.2.2.1: Kenner’s Safety-catch Linker 

Chemical reagents usually do not affect the safety-catch linkers during chain elongation 

process, until are chemically modified for cleavage. Kenner in 1971 introduced the concept 

of Safety-catch principle for the preparation of carboxylic acids, primary amides and 

employing N- acylsulfonamide linkage (Kenner, et al., 1971). These linkers are however 

associated with drawbacks i.e. poor reactivity, racemization and poor loading efficiency, 

because of which a stoichiometric excess of chemical reagents is required to overcome these 

problem (Backes, & Ellman, 1996). Consequently more reactive linker was developed by 

replacing diazomethane with haloacetonitrile (Backes & Ellman, 1999) (Scheme-5). 

 

                                   Scheme-5: Kenner’s Safety-catch Principle 

A reverse Kenner linker was developed by Maclean et al  by N-methylation of the 

alkanesulfonamide, which upon cleavage with ammonia in methanol release resin bound 

amide and sulfonamide (Scheme-6) (Maclean et al., 2001).   
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Scheme-6: Reverse Kenner’s Safety-catch Linker 

7.2.2.2: Wang Linker  

The Wang linker (S.-S. Wang, 1973) is the most accepted linker for the solid-phase synthesis 

of acids, alcohols,  phenols and peptide synthesis using the Fmoc / t-Bu protection strategy 

(Guillier et al., 2000) [100]. The Wang linker (4-(hydroxymethyl) phenoxymethyl), is 

attached to a polystyrene-based support, through an aryl benzyl ether bond (Figure-23). 

 

 Figure-23: Wang Linker 

7.2.2.3: Rink-amide Linker 

A broad variety of Rink amide resin (4-((2, 4-dimethoxyphenyl) (Fmoc-amino) methyl) 

phenoxy methyl) (Figure-24), functionalized supports have been developed for the synthesis 

of peptide carboxamides (Atherton et al., 1975; Albericio et al., 1990). Detachment of peptide 

amides from these widely used supports can be achieved by treatment with 95 % 

trifluoroacetic acid (TFA). Liability of the benzyl phenyl ether linkage towards high 

concentrations of TFA was associated with by-product formation during final cleavage from 

the original Rink amide resin.    
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Figure-24: Rink-amide Linker 

7.3: Protecting Groups 

Two types of protecting groups, i.e., temporary and permanent protecting groups (Figure-25). 

The “temporary” protecting group is used for the N- amino group, once the amino acid is 

attached with the support or with other amino acid, then the “temporary” protecting group is 

detached. The “permanent” protecting groups are used for the side-chain functionality of 

trifunctional amino acids and prevent branching or other side reaction.  

     

Figure-25: Protecting Groups used in SPPS 

7.4: Coupling Reagents 

During the standard peptide bond formation, occur incomplete coupling and formation of by 

product such as diketopiperazine. To avoid such problems coupling reagents are necessary for 

the formation of peptide bond between the two amino acids. In a typical amino acids coupling, 

the carboxylic acid part of the amino acids is first activated by coupling reagents and then 
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reacted with the amine part of another residue to form peptide bond. Different types of 

coupling reagents (Figure-26), are used, e.g., benzotriazol-1-yl-

oxytripyrrolidinophosphonium hexafluorophosphate (PyBop), ethyl 2-cyano-2-

(hydroxyimino) acetate (Oxymapure), (2-(1H-benzotriazol-1-yl)-1, 1,3,3-tetramethyluronium 

hexafluorophosphate (HBTU), hydroxybenzotriazole (HOBT), didiisopropylcarbodiimide 

(DIC) and dicyclohexylcarbodiimide (DCC) etc. Oxymapure showed clear superiority to 

HOBt / DIC or carbodiimide alone in terms of purity and yield (El-Faham et al., 2013, 

Steinauer et al., 1989).  

 

Figure-26: Coupling Reagents used in SPPS 

7.5: Side Reactions in Peptide Bond Formation  

7.5.1: Racemization 

Racemization is the major problem in peptide synthesis. This undesired reaction results 

azlactone during peptide synthesis (Scheme-7). However urethane-type blocking groups and 

auxiliary nucleophiles minimize racemization during growing peptide chain (Steinauer et al., 

1989).  
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                    Scheme-7: Racemization during peptide bond formation in SPPS 

7.5.2: Diketopiperazine Formation 

Diketopiperazine (DKP) formation is another undesired side reaction in SPPS (Figure-27). 

The poor yield of the final product are due to DKP formation, due to which hydroxyl sites are 

generated on the polymer which results in undesired side reactions (Giralt et al., 1981).  

 

                                       Figure-27: Diketopiperazine Formation 

7.6: Strategies for Cyclization of Peptide 

The key step in cyclic peptides synthesis is macrocyclization reaction. The final ring-closing 

reaction during cyclization of peptide  are lactamization (Parenty et al., 2006), lactonization 
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(Lundquist IV & Pelletier, 2002) or disulfide bridge formation (Wang et al., 2006) are cyclized 

by different methods as discussed below.   

7.6.1: On-resin Cyclization 

The on-resin macrocyclization of the linear peptides can be accomplished by four different 

methods including; head-to-tail (at Carbon and Nitrogen ends), head-to-side chain, and side 

chain-to-tail and side-chain-to-side-chain cyclization (Figure-28). 

Macrocyclization of linear peptides using head-to-tail protocol depends on the ring size, 

peptides with seven or above seven amino acids units can easily be cyclized, whereas, 

cyclization of small peptides with less than seven amino acids are usually difficult or cannot 

be cyclized. Schmidt et al., attempted cyclization of small peptide molecules using head-to-

tail protocol but obtained cyclo dimerized, trimerized and C-terminal epimerized products 

instead of the desired cyclic peptides.(Schmidt & Langner, 1997). While correlating the 

cyclization tendency of peptides with dielectric increments, Hardy et al., explored the fact 

that, the macrocyclization depend on how the reactive ends are pre-organized 

conformationally in close spatial proximity during or before ring closure (Hardy et al., 1963). 
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Figure-28: The Four Possible ways of Peptide Cyclization 

The linear peptide precursors tends to adopt extended conformation, orienting their reactive 

termini at a maximum distance with minimum allylic strain, which makes the 

macrocyclization of all-L and all-D peptides as a challenging goal (R. W. Hoffmann, 1992). 

The strategies for directing macrocyclization using conformationally pre-organized linear 

peptides have been thoroughly reviewed and classified in two categories namely i. ‘internal’ 

and ii. ‘External’ conformational elements. Where the first one involve the covalent 

modification, which accelerate the union of peptide chain ends, while in the second category 

those molecular scaffolds are used, which are neither attached covalently to peptides, nor 

consumed during ring closure (Blankenstein & Zhu, 2005) 
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7.6.2: Solution-phase Cyclization 

The cyclization of linear peptides and peptidomimetics on solid support can be carried out in 

solution-phase, which is still the most widely used method for peptide cyclization. However, 

the overall yield of cyclic peptide in solution- phase is less as compared to cyclization on solid 

support. Lim in 2013, explored solution-phase cyclization and sulfamyl safety-catch resin 

strategies for the total synthesis of the marine antimicrobial cyclic tetrapeptide cyclo (GSPE), 

and it was reported that solution-phase cyclization strategy was unsuccessful to yield the 

objective cyclic product (Lim, Tan, & Chia, 2013).
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Chapter 8 

Results and Discussion 

8.1: Solid-phase Synthesis of Anti-inflammatory Peptides 

8.1.1: Solid-phase Synthesis of Cyclic Peptide Brachystemin A (14) 

The cyclic peptide brachystemin A (14) was first isolated from B. calycinum by Cheng and 

his coworkers (Yong-Xian et al., 2001). It was identified as cyclo-Pro1-Phe2-Leu3-Ala4-Thr5-

Pro6-Ala7-Gly8. Later, this compound was re-isolated and its structure was revised as cyclo-

Pro1-Pro2-Ala3-Gly4-Leu5-Ala6-Thr7-Phe8 by Quadrupole-time-of-flight (QTOF) mass 

spectrometers and X-ray diffraction analysis (Zhao et al., 2011). 

Lijing Fang et al., reported the combination of solid and solution-phase synthesis of 

brachystemin A in which triphosgene (BTC) was used as the coupling agent in the synthesis 

of linear precursor of brachystemin A. The linear peptide was cleaved off from the Wang resin 

and finally subjected to cyclization (Fang et al., 2014).  

In the current study, brachystemin A (14) was synthesized by using resin bound sulfonamide 

anchor. The use of sulfonamide linker allows the cyclization and cleavage steps 

simultaneously from the resin, thus reduce the formation of side products. 

The first amino acid is usually loaded twice on the solid-supported safety-catch linker to 

ensure maximum loading. In order to avoid the expected racemization during loading step, as 

well as to increase the yield of target peptide 14, the less sterically hindered amino acid residue 

of 14 i.e., glycine was selected as the first amino acid for coupling with the resin in the 

synthesis of peptide 14 (Scheme-8). It is also expected that the terminal free amino group of 

linear peptide precursor would more readily attack a less sterically hindered electrophilic 

carbonyl of glycine during the macrocyclization step. The presence of two proline residues in 

brachystemin A (14) also serve as turn-inducer. It would further make the two ends close to 

each other, and can support macrocyclization. 

As shown in scheme-7, the first amino acid Fmoc-Gly was loaded on sulfonamide resin by 

using coupling agent (benzotriazol-1-yloxy) tripyrrolidino phosphonium hexafluoro phosph- 

http://en.wikipedia.org/wiki/Anti-inflammatory
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ate (PyBop) and base N, N-diisopropylethylamine (DIEA). The loading capacity of first amino 

acid was analyzed by Ultra Violet method (Osapay et al., 1990). The linear peptidyl resin 4 

was constructed by using Fmoc protocol. Fmoc group of terminal amino acid of peptidyl resin 

was replaced by bulkier trityl group before the activation of safety-catch linker by 

cyanomethylation. The terminal amino acid of the linear peptide was made free by using 5 % 

trifluoroacetic acid (TFA) in dichloromethane. The cyclization and cleavage of peptide from 

resin was carried out in the presence of DIEA and tetrahydrofuran (THF). The crude peptide 

was finally deprotected and then purified by recycling reverse phase High performance liquid 

chromatography (HPLC) by using Reverse phase (C18) column to obtain cyclic peptide 14.      
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Scheme-8: Synthesis of Brachystemin A (14) 
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8.1.1.1: Structural Studies on Brachystemin A (14) 

 

The molecular formula of cyclicpeptide 14 was deduced C37H54N8O9 by high resolution 

electron spray ionization (HRESI) mass spectrometry, which exhibited the molecular ion 

[M+H] + at m/z 755.4068 (calcd. 755.4092). Deuterated solvent d5-pyridine was used for 

recording NMR data as this was solvent used previously used for natural brachystemin A. 

1HNMR showed six amide protons, resonated at δ 10.56 (1H, b, Ala3-NHCO), 9.60 (1H, d, 

Ala6-NHCO), 8.96 (1H, t, Gly4-NHCO), 7.70 (1H, d, Phe8-NHCO), 7.51 (1H, d, Thr7-NHCO) 

and 7.15 (1H, s, Leu5-NHCO). These amide protons resonances were same as observed by 

natural brachystemin A.  Furthermore, L-amino acid residues of cyclic peptide 14 showed 

alpha protons at δ 5.39 (1H, Leu5-CH), 5.21 (1H, m, Ala3-CH), 5.05 (1H, m, Phe8-CH), 5.03 

(1H, d (J = 6.0 Hz), Pro1-CH), 4.79 (1H, d, J = 8.1Hz, Thr7- CH), 4.60 (1H, m, Pro2-CH), and 

4.29 (1H, m, Ala6-CH). The 13C NMR chemical shift differences of Pro1 (Δ δ Cβ-Cγ = 3.1) 

and Pro2 (Δδ Cβ-Cγ= 3.6) indicated that the amide bonds in the two Pro residues are trans 

(Siemion et al., 1975) similar to natural product (Table 12).  

The structure of cyclic peptide 14 was further confirmed by QTOF/MS data, which showed a 

series of bn (+1) ion peaks at m/z 737, 608, 507, 436 and 266, corresponding to the successive 

loss of Phe, Thr, Ala, Leu-Gly and the terminal tripeptide ion Pro-Pro-Ala (Table-13). 
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Table-12: 1H- and 13C-NMR Spectral Data of Brachystemin A (14) in C5D5N 

Amino 

Acid 

Synthetic Peptide 14  Natural Peptide 14 

Position 1H- δ (J Hz) 13C (δ) 1H- δ (J Hz) 13C (δ) 

Pro1 α 5.03, Overlap 64.5 4.94 d 66.6 

 β 2.29, m; 1.79, m 28.1 2.31, m, 1.80, m 28.2 

 γ 2.05, m; 1.98, m 25.0 2.05, m; 1.96, m 25.1 

 σ 4.00, m; 3.41, m 47.4 4.01, m; 3.40, m 47.6 

 C=O - 172.2 - 172.4 

Pro2 α 4.60, m 63.9 4.61, m 59.8 

 β 2.01, m 28.9 2.05, m 30.0 

 γ 1.71, m; 1.34, m 26.2 1.55, m; 1.32, m 26.4 

 σ 3.15, m; 3.37, m 47.0 3.16, m; 3.38, m 47.2 

 C=O - 171.7 - 172.0 

Ala3 α 5.21, m 48.6  48.8 

 CH3 β 1.85, d, (Jα, β =7.2) 18.7 1.84, d, (J = 7.6) 18.8 

 NH 7.95, d, (Jα = 9.6) - 7.95, d, (J = 9.6)  

 C=O - 173.5 - 173.7 

Gly4 α, β 4.53, m, 3.86, m 44.1 4.54, m; 3.87, m  44.2 

 NH 8.96, t, (Jα, β = 6.0) - 8.96, t, (J = 6.4)  

 C=O - 169.3 - 169.3 

Leu5 α 5.39 m 49.0 5.43 m 49.7 

 β 1.31, m; 1.24, m 28.1 1.31m; 1.25, m 29.1 

 γ 2.03, m 24.5 2.03m 24.8 

 2 CH3 σ 0.73, d, (Jγ, σ = 6.3);  

0.97, d, (J γ, σ = 6.3) 

20.9, 

24.5 

0.89, d, (J = 6.8);   

0.99, d, (J= 6.0) 

21.3, 

23.8 

 NH 7.15 (bs) - 7.10 (bs)  

 C=O - 177.1 - 177.2 

Ala6 α 4.29, m 53.4 4.30 m 53.6 

 CH3 β 1.55, d, (Jα, β =5.2) 16.7 1.55, d, (J = 5.6) 16.8 

 NH 10.56, bs - 10.61, d, (J = 2.0)  

 C=O - 173.7 - 174.2 
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Table-13: QTOF/MS Sequence ions (m/z) of the Protonated Molecular Ions of Brachystemin   

A (14). 

Thr7 α 4.79,d, (Jα, β  =8.15) 59.5 4.79, d, (J = 8.0) 59.8 

 β 5.03, m 66.3 5.03 m 68.0 

 CH3 γ 1.39, d, (J β, γ = 6.3) 21.8 1.40, d, (J = 6.4) 21.8 

 NH 7.51, d, (Jα =7.6) - 7.50, d, (J = 7.6)  

 C=O - 171.7 - 172.2 

Phe8 α 5.05, m 55.6 5.01, m 55.2 

 β 3.45, m; 3.34, m 36.4 3.45, m; 3.34, m 36.1 

 γ - 138.7 - 138.9 

 σ  

7.18-7.51 

129.9, 

128.8, 

127.0 

 

7.18–7.53 

130.1 

129.0 

127.2 

 NH 7.70, d, (Jα = 5.4) - 7.73, d, (J = 5.6)  

 C=O - 169.6 - 169.8 

Proposed Fragment Structure MS/MS 

Fragmentation of 

[M+H]+ 

Cyclo – [Pro1
__ Pro2 

__ Ala3 
__ Gly4 

__ Leu5 
__ Ala6 

__ Thr7 
__ Phe8]

+ 755 

[M-H2O] + 737 

[Pro1
__ Pro2 

__ Ala3 
__ Gly4 

__ Leu5 
__ Ala6 

__ Thr7 ]
+ 608 

[Pro1
__ Pro2 

__ Ala3 
__ Gly4 

__ Leu5 
__ Ala6 

__ Thr7 ]
+ -H2O 590 

[Pro1
__ Pro2 

__ Ala3 
__ Gly4 

__ Leu5 
__ Ala6  ]

+ 507 

[Pro1
__ Pro2 

__ Ala3 
__ Gly4 

__ Leu5   ]
+ 436 

[Pro1
__ Pro2 

__ Ala3  ]
+ 266 
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8.1.1.2: Immunomodulatory Activities of Brachystemin A (14) 

Brachystemin A (14) was previously reported as the active constituent of plant B. calvcinum. 

It significantly repressed the secretion of interleukin 6, chemokine ligand-2, and collagen IV 

and exhibited no toxic effect in mesangial cells. In the present study, the effect of synthetic 

peptide 14 was observed on inflammatory cytokines TNF-α, IL-1β produced from THP-1 cells 

and on IL-2 produced from Jurkat cells at a concentration of 25 µM. All biological assays 

were performed in triplicates. Standard deviation values are presented in the (Table-14). The 

peptide moderately inhibited the production of TNF-α (19.3 %), and IL-2 (35.2 %), whereas 

low level of inhibition was also observed on IL-1β (7.5 %). Peptide was also evaluated for its 

outcome on Nitric Oxide (NO.) generation by using lipopolysaccharide activated macrophages 

from J774.2 cell line. Similar to natural product, the synthetic peptide showed a very weak 

inhibitory effect (7.5 %) at concentration of 30 µM. The peptide was further evaluated for its 

cytotoxic effect against fibroblast cell line 3T3, where it was found to be nontoxic (Table-14). 

The data for cytotoxicity is plotted as percent viability explaining the number of viable cells 

at different concentrations of peptide 14 and standard drug. The inactivity on nitric oxide 

(NO.) and non-cytotoxic effect of peptide 14 was in agreement with the previously described 

results of isolated peptide. 

Table-14: Effect of Synthetic Sample of Brachystemin A (14) on Creation of Inflammatory 

Cytokines TNF-α, IL-1β, IL-2 and Nitric oxide. Effect of Peptide on Viability of 3T3 cells 

was also Evaluated using MTT assay. 

Compound TNF-α 

% Inh 

IL-1β  

% Inh 

IL-2 

% Inh 

NO. 

% Inh 

Cytotoxicity 

IC50 (µM) 

Brachystemin A (14) 19.3 7.5 35.2 7.4 > 60 

NG Methyl Arginine 

Acetate 

- - - 65.65 - 

Cyclohexamide - - - - 0.1 ± 0.2 
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8.1.2: Solid-phase Synthesis of Duanbanhuain B (15) 

Duanbanhuain B (15) was first isolated from B. calycinum by Cheng and his coworkers 

(Cheng et al., 2011). It was identified as cyclo-Asp1-Trp2-Ala3-Pro4-Gly5-Phe6-Pro7-Leu8.  

Solid-phase peptide synthesis of duanbanhuain B was performed by on-resin tail to-side chain 

cyclization by loading Fmoc-Asp (OAll)-OH as first amino acid on Wang resin (Scheme 9). 

The linear precursor of each cyclic peptide was synthesized by using standard coupling 

deprotection cycles in the presence of DIEA, PyBOP and 20 % 4-methyl piperidine in DMF 

for Fmoc deprotection. After making linear peptidyl resin, the allyl protecting group of 

aspartic acid was removed by palladium catalyst followed by Fmoc group removal of the 

terminal amine. The on-resin cyclization was performed in the presence of N, N'-

diisopropylcarbodiimide (DIC), ethyl (hydroxyimino) cyanoacetate (oxymapure) in DMF for 

overnight. The cyclic peptide was cleaved off by treatment of TFA in the presence of 

scavengers. The crude peptide was concentrated on rotary evaporator and precipitates were 

formed by dilution with cold diethyl ether. The precipitates were centrifuged, filtered and 

further purified by recycling Reversed-phase High Performance Liquid Chromatography (RP-

HPLC). The reverse-phase (C18) column was used as a stationary phase and H2O: MeOH (40: 

60) as a mobile phase to obtain the cyclic peptide 15. The 13C NMR chemical shift differences 

of Pro1 (Δ δ Cβ-Cγ = 7.3) and Pro4 (Δδ Cβ-Cγ= 7.7) indicated that the amide bonds in the two 

Pro residues are trans (Table 15). 

http://www.sigmaaldrich.com/catalog/product/aldrich/233412


84 

 

 

Scheme-9: Synthesis of Duanbanhuain B (15)  
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8.1.2.1: Structural Studies on Duanbanhuain B (15) 

 

 

The MALDI-TOF-TOF mass spectrometry of 15 presented the quasi-molecular ion [M +Na] 

+ at m/z 906.4. The molecular formula of cyclic peptide 15 was deduced C45H57N9O10 by HR-

MALDI mass spectrometry, which exhibited the molecular ion [M+Na] + at m/z 906.4121 

(calcd. 906.4019). The molecular formula showed that peptide have twenty-two degree of un-

saturation. The Deuterated methanol was used for recording NMR data as this was solvent 

used previously used for natural product duanbanhuain B. L-Amino acid residues of cyclic 

peptide 15 showed alpha protons at δH 4.28 (1H, Leu8-CH), 4.28 (1H, m, Ala5-CH), 4.03 (1H, 

dd, J = 2.5, 9.5, Phe2-CH), 4.03 (1H, dd, J = 2.5, 9.5, Pro1-CH), 3.67 (2H, s, Gly3- CH), 4.03 

(1H, dd, J = 2.5, 9.5, Pro4-CH), 4.28 (1H, m, Trp6-CH), and 4.03, (1H, dd, J = 2.5, 9.5, Asp7-

CH) (Table 15).  
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Table -15: 1H- and 13C-NMR Data of Duanbanhuain B (15) in CD3OD 

Amino 

Acid 

Synthetic Peptide 15 Natural Peptide 15 

Position 1H- δ (J Hz) 13C (δ) 1H- δ (J Hz) 13C (δ) 

Pro1 α 4.03, dd, Jα, β = 2.5, 9.5 57.2 4.27, dd, J = 8.7, 5.6 63.9 

 β 1.84, m; 2.23, m 31.2 2.24, m; 1.88, m 31.0 

 γ 1.60, m; 2.01, m 24.9 1.58, m; 2.04, m 25.8 

 σ 3.80, m; 3.69, m 48.7 3.80, m; 3.69, m 47.2 

 C=O - 174.2 - 176.1 

Phe2 α 4.03, dd, Jα, β = 2.5, 9.5 54.0 4.62, Overlap 56.3 

 β 3.18, m; 3.43, m 38.8 3.33, m; 2.75, m 39.3 

 1 - 137.5 - 139.3 

 2, 6 7.35, d, J = 8.0 130.1 7.34, d, J = 7.4 130.6 

 3, 5 6.99, dt, J =8.0, 1.0 129.4 7.29, t, J = 7.6 129.4 

 4 7.18, m 127.7 7.18, m 127.5 

 C=O - 179.8 - 172.3 

Gly3  3.67, m 44.0 4.62, m; 3.47, m 45.0 

 C=O - 174.2 - 169.1 

Pro4 α 4.03, m 57.3 4.05, m;  61.3 

 β 1.87, m 30.7 1.18, m; 0.29, m 29.8 

 γ 1.60, m 23.0 1.58, m; 1.47, m 26.5 

 σ 3.80, m 48.7 3.35, m 48.7 

 C=O - 174.2 - 175.7 

Ala5 α 4.28, overlap 53.5 3.93, q, J = 7.2 53.1 

 CH3 β 1.00, d, J α, β =6.5 14.4 1.41, d, J = 7.3 16.9 

 C=O - 173.4 - 175.3 
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Trp6 α 4.28, m 55.6 4.62, Overlap 55.5 

 β 3.46, m, 3.15, m 28.0 3.58, dd, J =14.7, 3.8;  

3.26, dd, J = 14.7, 5.3 

26.3 

 2 7.07, s 128.0 7.17, s 125.3 

 3 - 112.4 - 109.1 

 4 7.58, d, Jortho= 8 119.8 7.61, d, J = 7.6 129.0 

 5 7.01, Overlap 120.3 7.18, Overlap 118.7 

 6 7.01, Overlap) 122.7 7.18, Overlap 12.8 

 7 7.58, d, Jortho = 8 116.1 7.43, d, J = 7.8 123.0 

 7a - 138.2 - 112.9 

 C=O - 179.8 - 173.4 

Asp7 α 4.03, dd, J = 2.5, 9.5 40.1 4.96, Overlap 50.9 

 β 2.09, d, J α, β =3.5, 2.06, 

d, J α ,β = 3.5 

69.1 2.69, dd, J =11.9,3.7; 

2.52, br d, J = 14.1 

40.0 

 γ - 174.3 - 177.5 

 C=O - 178.2 - 172.4 

Leu8 α 4.28, m 55.6 4.05, Overlap 55.4 

 β 1.51, m 23.7 1.53, m 40.7 

 γ 1.42, m 25.7 1.47, m 25.9 

 2CH3 σ 0.93, d, J γ, σ =9.5; 0.90, 

d, Jγ , σ = 9.5 

22.0, 

23.4 

0.89, d, J= 6.5; 0.79, 

d, J= 6.5 

23.0, 

21.8 

 C=O - 177.9 - 175.2 

 

8.1.1.2: Immunomodulatory Activities on Duanbanhuain B (15) 

Duanbanhuain B (15) exhibited strong inhibition ROS production in whole blood phagocytes 

with an IC50 = 500 ± 33.47 nM.  
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8.2: Solid-phase Synthesis of Antibacterial Peptides 

8.2.1: Solid-phase Synthesis of Temporin- LK 1 (16) and its Analogues (17-19) 

Antimicrobial peptide temporin- LK1 (16) contains 17 L-amino acids, including four 

phenylalanine residues. The purpose of current study was to synthesize novel analogues of 

temporin- LK1 (16) with broader spectrum of antimicrobial action. Thus we synthesized new 

analogues 17-19 in which more flexible residue of original sequence i.e., glycine was replaced 

with D-alanine, phenylglycine and naphthylalanine, respectively. The natural product 

temporin-LK1 (16) was reported as an active compound against S. aureus ATCC43300 (MIC 

2.5 µg/mL). These strains are resistant to both methicillin and oxacillin. These drugs have 

reported antimicrobial action by inhibiting the cell wall of microorganisms. The natural 

peptide (16) was also reported to have antimicrobial activity against P. aeruginosa ATCC 

27853 (MIC 2.5 μg / mL). Clinically used drugs cefoperazone, and tinidazole were found 

active against all these strains. 

The synthesis of temporin-LK 1 (16) and its analogues 17-19 was carried out by using Fmoc 

protecting strategy on Rink Amide resin. Structural analogues 17-19 contain D-alanine, 

phenylglycine and naphthylalanine, respectively, in place of glycine residues of parent peptide 

(16) (Scheme-10). 

http://en.wikipedia.org/wiki/Anti-inflammatory
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Scheme-10: Synthesis of Temporin-LK1 (16) and Analogues (17-19) 

 

 

8.2.3: Structural Studies on Temporin-LK 1 (16) and its Analogues (17-19) 
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The structure of temporin-LK 1 (16) was previously deduced by Edman degradation and mass 

spectrometry, and confirmed by cDNA cloning and sequencing.  

The temporin-LK 1 (17) and its analogues (17-19) were purified by reversed-phase high 

performance liquid chromatography (RP-HPLC) by using reverse-phase (C18) column as a 

stationary phase and methanol: water (7:3) as mobile phase 

8.2.3.1: Temporin-LK 1 (16).  

 

The MALDI-TOF-TOF mass spectrometry of 1 exhibited the quasi-molecular ion [M + Na] + 

at m/z 1967.0. The 1H-NMR spectrum (DMSO-d6, 600 MHz) of 16 showed sixteen amide 

protons at δ 7.64 (1H, b, Gly11-NHCO), 7.72 (1H, d, J= 10.2 Hz, Ala10-NHCO), 7.82 (2H, m, 

Met5,6-NHCO), 7.90 (1H, m, Phe16-17-NHCO), 7.93 (1H, m, Lys3-NHCO), 7.96 (4H, m, 

Leu2,9,13,14-NHCO), 8.02 (2H, d, J= 8.5 Hz, Phe1,12-NHCO) and 8.24 ( 2H, b, Ser7,8-NHCO), 

and. Furthermore, L-amino acid residues of linear peptide 1 showed resonance for 4 alpha 

protons in the range of δ 4.32 (m), 4.45 (m) corresponding to alpha protons of four Phe1, 12, 16, 

17 of peptide 16. The alpha protons of four Leu 2, 9, 13, 14 residues of peptide 1 appeared in the 

range of δ 4.16 (m), 4.19 (m), while alpha protons of Met5,6 of peptide 1 at δ 4.03 (m) and 4.48 

(m)). Both alpha protons of Ser7,8 resonated at δ 4.39 (m). Alpha protons of Ala10 appeared at 

δ 4.28 (m) and alpha protons of Pro4 δ 4.81 and Pro14
 appeared at δ 4.81 (m) and 4.48 (m) 

respectively. Methyl protons of Met5,6 resonated downfield singlets at δ 2.03 and 2.00, while 

methyl protons of four leucine residues i.e., Leu2,9,13,14, resonated at 0.67 (m), 0.70 (d), 0.72 

(d), 0.76 (m), 0.83 (d, J = 6.5), 0.85 (d, J = 6.5), 0.86 (d, J = 6.5) and 0.90 (d, J = 6.5). The 

structure of temporin- LK1 (16) was further characterized by detail 2DNMR techniques 

(Table-16). 

Table-16: 1H- and 13C-NMR Spectral Data of Peptide 16 in DMSO-d6 

https://www.google.com.pk/search?biw=1366&bih=655&q=Pyridine&spell=1&sa=X&ei=OG3pVPuPH4SxaYTVgPgJ&ved=0CBcQvwUoAA
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Amino 

Acid 
Posit- 

ion 

1H- δ (J Hz) 13C (δ) Amino 

Acid 

Posit- 

ion 

1H- δ (J Hz) 13C (δ) 

Phe1 NH2 5.05, m; 

4.99, m 

 Ser7,8 

 

 

α 4.39, m 54.9, 55.1 

β  3.63, m 61.3, 61.5 

α 4.32, m 53.4 C=O  171.8, 171.7 

β 3.06, m 37.6 NH 8.24, m  

OH 5.06, 4.99, t, J = 6, 12.6 

C1 - 137.6 Leu9 

 

 

α 4.19, m 51.2 

C2-C6 7.15-7.31 126.1-129.6 β 1.37, m 40.6 

C=O  172.6 γ 1.60, m 24.0 

NH 8.02, J=8.5  Me δ 0.70, d, J = 

6.5; 0.67, m 

21.4, 21.7 

Leu2 α 4.19, m 51.0 

β 1.49, m 40.0 C=O  172.1 

γ 1.60, m 23.7 NH 7.96, m  

Me δ 0.90, 0.86, 

d, J = 6.5 

21.4 Ala10 

 

 

α 4.28, m 53.4 

β Me 1.21, m 18.2 

C=O  172.1 C=O  170.8 

NH 7.96, m  NH 7.72, J=10.2  

Lys3 

 

 

α 4.16, m 52.0 Gly11 

 

 

α 3.73, m 42.0 

β 1.79, m 31.5 C=O  169.5 

γ 1.29, m 22.2 NH 7.64, m  

δ 1.49, m 26.5 Phe12 α 4.45, m 53.4 

σ 2.74, m 38.7 β 3.00, m 37.4 

C=O  171.1  

NH 7.93, m  C1 - 137.7 

Pro4 α 4.81, m 59.2 C2-C6 7.15-7.31 126.1-129.6 

β 1.74, m 29.4 C=O  171.5 

γ 1.61, m 24.3 NH 8.02, J=8.5  

δ 3.58, m 46.6 Leu13,14 α 4.16, m 51.2, 51.6 

C=O  169.8  β 1.49, m; 

1.37, m 

40.3, 40.4 

Met5, 6 α 4.03, 4.48 48.1, 49.7 

β 1.89, m 30.7, 30.8 γ 1.60, m 24.1, 24.3 

γ 2.44, m 29.0, 29.2 Me δ 0.85, 0.83, 

0.76, 0.72, 

d,   J = 6.5 

22.9, 23.0 

Me   2.00, s 14.6 

C=O  168.2, 168.6 C=O  172.1 

NH 7.82, m  NH 7.96, m  
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8.2.3.2: Temporin-LK 1 Analogue (17) 

 

The MALDI-TOF-TOF mass spectrometry of 17 indicated the quasi-molecular ion at m/z 

1981.3 [M+K] +. The 1H-NMR spectrum of 17 was recorded firstly in DMSO-d6, but the 

resolution of NMR spectra was much more improved by recording the spectra in deuterated 

methanol at the cost of the disappearance of NH signals.  

The 1H-NMR (Methanol-d4, 600 MHz) of 17 showed resonance for four protons at δH 3.58 

(m) corresponding to alpha protons of four Phe1, 12, 16, 17 of peptide 16. The alpha protons of 

four Leu 2, 9, 13, 14 residues of peptide 17 appeared at δ 4.11 (m), 4.16 (m), 4.62 (dd) and 4.69 

(dd), while alpha protons of Met5,6 of peptide 16 resonated at δ 3.50 (dd). Both alpha protons 

of two Ser7,8 resonated at δ 4.18 (m), 4.48 (dd). Two alpha protons of Ala10, 11 appeared at δH 

4.42 (m) and two alpha protons of Pro4, 14 resonated at δ 4.22 (m). 

Methyl protons of Met5, 6 are resonated at δ 2.03 (s) and 2.00 (s), while methyl group of 

Ala10, 11 were appeared at 1.53 (d) and 1.57 (d). Similarly, methyl protons of four leucine 

residues i.e., Leu2, 9, 13, 14, resonated at δ 0.96 (d), 0.92 (d), 0.86 (d) and 0.90 (d) and 1.03 (d). 

The structure of temporin-LK 1 analogue (17) was further confirmed by comparing the DEPT 

135O spectra of temporin-LK 1 (16) and its analogue (17) which clearly showed additional 

alpha methyl resonance at δ 16.5 Ala11 (Figure-29).  The linear peptide (16) was further 

characterized by detail 2DNMR techniques (Table-17).  

Pro15 α 4.43, m 59.2 Phe16,17  α 4.32, m 53.9 

 β 1.74, m 29.4  β 2.85, m 37.1 

             γ 1.61, m 24.3      C1 - 137.6 

δ 3.54, m 46.8 C2-C6 7.15-7.31 126.1-129.6 

C=O  170.1 C=O - 171.4, 171.3 

NH 7.90, m  

   NH2 7.71, d; 

7.64, d 
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Figure-29: DEPT-135O Spectra of Temporin-LK 1 (16) and its Analogue (17) 

 

 

 

 

 

 

 

Table-17: 1H- and 13C-NMR Spectral Data of Peptide 17 in CD3OD 

Peptide 16 

Peptide 17 

C
α
-Ala 



94 

 

 

 

Amino 

Acid 
Posit- 

ion 

1H- δ (J Hz) 13C (δ) Amino 

Acid 

Posit- 

ion 

1H- δ (J Hz) 13C (δ) 

Phe1 α 3.58, m 57.1 Ser7,8 α 4.41, dd, 

J=3.1, 10.3; 

4.18, m 

60.5, 60.0 

β 2.99, m; 

3.30, m 

35.2   

  

C1 - 139.7 β 3.96, d, J= 

4.9; 3.59, m. 

4.01, m; 

3.73, m 

61.9, 62.1 

C2-C6 7.00-7.33 127.5-130.5   

C=O  173.8   

Leu2 α 4.11, m 54.0   

β 1.77, m 40.3 C=O  178.2, 178.6 

γ 1.60, m; 

1.98, m 

25.7 Leu9 α 4.69, dd,  J= 

8.7, 4.9 

54.1 

Me δ 0.86, d, J = 

6.5; 0.90,  

d, J= 5.5 

21.5, 21.9 β 1.77, m 40.5 

γ 1.84, m 25.8 

Me δ 

 

1.03, d, J= 

6.6 

22.1, 22.2 

C=O  176.3  

Lys3 

 

 

 

 

α 4.38, m 52.4 C=O  176.6 

β 1.79, m 30.5 Ala10 α 4.42, m 53.1 

γ 1.30, m 23.5 Me 

 

1.57, d,  J= 

7.2 

16.6 

 δ 1.50, m 27.4 

σ 2.74, m 42.0 C=O  173.0 

C=O  170.3 Ala11 α 4.42, m 52.9 

Pro4 

 

 

α 4.22, m 62.3 Me 

 

1. 53, d, 

J = 7.2 

16.5 

 β 1.68, m 31.8 

γ 2.14, m 26.3 C=O  173.2 

δ 3.71, m 42.0 Phe12 α 3.58, m 56.5 

C=O  169.8 β 3.14, dd, J = 

13.8, 3.9; 

3.22, dd, 

J=13.9, 5.7 

37.5 

Met5,6 α 3.50, dd,  J 

= 5.1, 8.3; 

4.10, m 

57.0, 56.8  

 

 

β 1.97, m 30.5, 30.7 C1 - 138.9 

γ 2.58, m; 

2.73, m 

31.1, 31.2 C2-C6 7.00-7.33 127.5-130.5 

C=O  174.4 

Me 2.07, s; 

2.09, s 

15.1, 15.4     

C=O  172.5, 172.7 
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8.2.3.3: Temporin-LK 1 Analogue (18) 

 

The molecular mass of analogue 18 was confirmed by MALDI-TOF-TOF mass spectrometry 

spectra, which gives quasi-molecular ion at m/z 2043.1 [M+Na] +. 

The 1H-NMR (Methanol-d4, 600 MHz) of 18 showed alpha protons at δ 4.31 and 4.43 (m) of 

(4H, Phe1,12,16,17-CH), 4.15 (m), 4.19 (m) and 4.24 of (4H, Leu2,9,13,14-CH), 4.44 (m) of (2H, 

Met5,6-CH), 4.18 (m), 4.39 (m) of (2H, Ser7,8-CH), 4.31 (m) of (1H, Ala10-CH), 4.43 (m) of 

(2H, Pro4, 14-CH) and deshielded alpha proton of phenylglycine resonated at δ 5.58 (d).   

Methyl protons of Met5, 6 are resonated at δ 2.02 (s) and 1.99 (s), while that of Ala10 is 

resonated at 1.23(m). Similarly, methyl protons of four leucine residues i.e., Leu2, 9, 13, 14, 

resonated at δH 0.67 (d), 0.70 (m), 0.74 (d), 0.77 (m), 0.79 (d), 0.84 (m). 

The presence of resonance at δ 5.58 (d) corresponded to alpha proton of Phg in 1H-NMR 

spectrum of analogue (18) (Figure-30). The linear peptide 18 was further characterized by 

detail 2DNMR techniques (Table-18). 

 

Leu13,14 α 4.02, m; 

4.64, dd,  J 

= 5.1, 9.3 

54.4, 55.1 Pro15 α 4.22, m 64.3 

β 1.68, m 32.3 

γ 2.14, m 26.3 

 β 1.59, m; 

1.31, m 

40.6, 40.9 

 

δ 3.71, m 48.9 

C=O  170.1 

 γ 1.81, m; 

1.98, m 

26.0, 26.1 Phe16,17 α 3.58, m 56.4, 56.1 

 β 3.14, dd, J = 

13.9, 5.2; 

3.12, m 

38.3 

 Me δ 0.92, d, J = 

6.6; 0.96, 

d,  J = 5.9 

22.9, 23.0, 

23.4, 24.1 

C1 - 138.7,138.6 

 C=O  176.4, 176.9 C2-C6 7.00-7.33 127.5-130.5 

    C=O  174.6, 174.8 
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Figure-30: 1H-NMR Spectra of Temporin- LK 1 (16) and its Analogue (18) 

 

 

 

 

 

 

 

Peptide 18 

Peptide 16 

 Cα H of Phg 
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Table-18: 1H- and 13C-NMR Spectral Data of Peptide 18 in CD3OD 

 

 

Amino 

Acid 
Posit- 

ion 

1H- δ (J Hz) 13C (δ) Amino 

Acid 

Posit- 

ion 

1H- δ (J Hz) 13C (δ) 

Phe1 α 4.31, m 52.4  γ 1.60, m 24.0 

β 2.78, m 36.5 Me δ 0.84, m 21.4, 21.5 

C1 - 137.6 C=O  171.8 

C2-C6 7.01-7.35 126.1-129.6 Ala10 α 4.31, m 53.8 

C=O  169.9-171.5 β Me 1.23, m 17.8 

Leu2 α 4.15, m 51.1 C=O  174.0 

β 1.44, m 40.4 Phg11 α 5.58, d, J= 8.2 55.8 

γ 1.60, m 23.8 C1 - 138.7 

Me δ 0.67, d, J = 

6.1 ; 0.70, m 

21.2,21.4 C2-C6 7.01-7.35 128.1-128.2 

C=O  169.9 

C=O  171.8 Phe12 α 4.44, m 52.5 

Lys3 α 4.15, m 53.4 β 2.88, m 36.5 

β 1.79, m 31.9 γ - 137.7 

γ 1.29, m 22.2 δ 7.01-7.35 126.1-129.6 

δ 1.50, m 26.5 C=O  169.9 -171.5 

σ 2.74, m 37.2 Leu13,14 α 4.24, m 51.3, 51.4 

C=O  171.1  

 

 

β 1.50, m 40.8, 40.9 

Pro4 α 4.43, m 59.4 γ 1.60, m 24.2 

β 2.48, m 29.5 Me δ 0.74,d , J = 

5.8, 0.77, m; 

0.79, d, J= 6.8 

21.6, 21.7, 

22.9, 23.1 γ 1.74, m 24.1 

δ 3.49, m 46.9 

C=O  169.1 C=O  172.0, 172.3 

Met5,6 α 4.44, m 48.2 Pro15 α 4.43, m 60.0 

β 1.86, m 31.0, 31.4 β 2.48, m 29.5 

γ 2.40, m 29.0, 29.1 γ 1.74, m 24.4 

Me 2.02, s; 

1.99, s 

14.6,14.7 δ 3.49, m 47.0 

C=O  169.1 

C=O  171.8 Phe16,17        α 4.31, m 50.7, 50.9 

Ser7,8 α 4.39, m 55.7 55.5  β 2.85, m; 

2.98, m 

37.7, 37.9 

 β 3.63, m; 

3.61, m 

61.4, 61.6 

C1 - 137.6 

C=O  174.3, 174.4 C2-C6 7.01-7.35 126.1-129.6 

Leu9 α 4.19, m 51.1 C=O  169.9 -171.5 

β 1.40, m 40.5    
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8.2.3.4: Temporin-LK 1 Analogue (19) 

 

The molecular mass of analogue 19 was confirmed by MALDI-TOF-TOF mass spectrometry 

spectra, which presented the quasi-molecular ion at m/z 2107.42 [M+Na] +
.  

The 1H-NMR (Methanol-d4, 600 MHz) of 19 showed alpha protons at δH 4.32, 3.51 (m), 4.18 

(m) and 4.12 (m) of four Phe1,12,16,17 residues, four alpha protons of Leu2,9,13,14 residues 

appeared at δH 4.02 (m), 4.56 (dd), 4.03 (m) and (4.64 (m), two alpha protons of Met5,6 at δH 

3.50 (dd) and 4.18 (m), two alpha protons of Ser7,8 at δH 4.44 (m), one alpha proton of Ala10 

at δH 4.26 (q), one alpha proton of Pro4 at δH 4.37 and one alpha proton of Pro14 at δH 4.05 (m).  

Two methyl group protons of Met5, 6 resonated as singlets at δH 2.07 and 2.05, while alpha 

methyl group of Ala10 resonated at δH 1.63 (d). Methyl protons of four leucine residues i.e., 

Leu2, 9, 13, 14, resonated at δH 0.82 (d), 0.89 (d), 0.97 (d) and 1.02 (d).  

The structure of temporin LK-1 analogue 19 was further confirmed by comparing the DEPT 

135O and BB of temporin LK-1 (16) and its analogue 19 (Figure-31, 32), which clearly showed 

an additional resonance at δ 59.8 of alpha carbon in DEPT 135O   and chemical shifts at δ 134.0, 

134.8, 135.2 of quaternary carbon (C1, C9 and C10) of Nap11 residue in BB.  The linear peptide 

19 was further characterized by detail 2DNMR spectral studies (Table-19). 
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Figure-31: BB of Temporin-LK 1 (15) and its Analogue (19) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure-32: DEPT-135O of Temporin LK-1 (16) and its Analogue (19) 

Peptide 16  

Peptide 19 

Peptide 19 

Peptide 16 

C
α
H of Nap11 

C
1
, C

9 
and C

10
 of Nap

11
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Table-19: 1H- and 13C-NMR Spectral Data of Peptide 19 in CD3OD 

 

Amino 

Acid 
Posit- 

ion 

1H- δ (J Hz) 13C (δ) Amino 

Acid 

Posit- 

ion 

1H- δ (J Hz) 13C (δ) 

Phe1 α 3.51, m 57.2  β 3.96, m,3.59, 

m, 4.01, m, 

3.73, m 

61.4, 61.6 

β 2.78, m; 

3.42, m 

35.2 

C1 - 139.7 C=O  178.5, 177.7 

C2-C6 7.00-7.81 126.7-130.5 Leu9 α 4.64, m 54.3 

C=O  174.5 β 1.61, m 40.6 

Leu2 α 4.03, m 54.5 γ 1.60, m 25.8 

β 1.77, m 40.4 Me δ 0.89, d, J = 

6.6 

23.1, 23.0 

γ 1.60, m 25.7 

Me δ 0.82, d, J = 

6.5 

23.5, 23.4 C=O  176.1 

Ala10 

 

 

α 4.26, q,  J = 

4.6, 10.3 

53.8 

C=O  175.9 

Lys3 

 

 

α 3.49, m 57.1 β Me 

 

1.63,  d, J = 

7.2 

16.6 

β 1.79, m 30.4  

γ 1.30, m 23.7 C=O  173.1 

δ 1.50, m 27.8 Nap11 α 4.30, m 59.8 

σ 2.74, m 37.2 β 3.01, dd, J = 

13.5, 4.8  

38.3 

C=O  170.3 

Pro4 α 4.37, t,  J = 

7.3, 14.7 

64.2, m C1 - 135.2 

C2-C8 7.00-7.81 126.7-130.5 

β 2.14, m 32.3 C9 - 134.8 

γ 1.77, m 26.4 C10 - 134.0 

δ 3.72, m 49.0 C=O  174.6 

C=O  176.6 Phe12 α 4.32, m 56.9 

Met5, 6 α 3.50, dd,  J 

= 5.1, 8.3, 

4.10, m 

56.9, 56.8 β 2.78, m; 

3.19, m 

37.5 

γ - 138.7 

β 1.86, m 31.2 δ 7.00-7.81 126.7-130.5 

γ 2.57, m; 

2.73, m 

29.0, 29.1 C=O  174.8 

Leu13,14 

 

α 4.02, m; 

4.56, dd,  J = 

5.1, 9.3 

54.4, 55.1 

Me 2.07, s; 

2.05, s 

15.5, 15.1 

 β 1.27, m; 

1.77, m 

40.6, 40.9 

C=O  172.6, 172.7 

Ser7,8 α 4.44, m; 

4.18, m 

60.5, 59.9 γ 1.98, m; 

1.85, m 

26.0, 26.2 
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8.2.4 Circular Dichroism (CD) Measurement 

Circular dichroism (CD) analysis is frequently used in the study of the information of peptides 

in solution. Although the CD of peptide temporin-LK 1 (16) has not been reported, it is well 

established that other members of temporin class (e.g. temporin-SHa) showed a random coil 

conformation and maintain alpha helicity in different solvents such as SDS, TFE, DPC, POPC, 

etc (Abbassi et al., 2008). Thus a comparative CD analysis of temporin-LK 1 (15) and its 

analogues 17-19 was carried out in 10 mM sodium phosphate buffer, pH 7.4 at 25 oC. As 

expected, temporin-LK 1 (16) and its analogues 17-19 possess a random coil conformation. 

However, none of the peptide appears to acquire a alpha helicity (i.e. characteristic minima at 

208 and 222nm) in membrane-mimetic environment of 80 mmol SDS and 40 % TFE (Figure-

33).  

 

 

 

 

 

 

 

 

 

 

 Me δ 

 

0.97, d, J = 

6.6; 1.02,  d, 

J = 6.6 

22.2, 21.7, 

21.5 

Phe16,17 α 4.18, m; 

4.12, m 

56.5, 56.4 

C=O  176.3, 177.1  β 2.93, m; 

3.42, m 

38.1, 38.8 

Pro15 

 

α 4.05, m 62.8, m 

β 2.14, m 31.5 C1 - 138.9, 138.6 

γ 1.59, m 26.2 C2-C6 7.00-7.81 126.7-130.5 

δ 3.86, m 48.9 C=O  174.9. 175.0 

C=O  176.6    
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Figure-33: Circular Dichroism Spectra Analysis of Temporine-LK1 (16) and its Analogues 

(17-19) Recorded in 10 mmol Sodium phosphate buffer, pH7.4, Containing 80 mmol SDS (a, 

S1-S4) or 40 % TFE (b, T1-T4).   

8.2.5: Antibacterial Activity of Temporin-LK 1 (16) and its Analogues  

           (17 -19) 

8.4.1: In vitro Antibacterial Activity  

All peptides were screened against standard strains (EMRSA-16, and -17, and MRSA-252) 

and a clinically isolated drug-resistant strains of Staphylococcus aureus and Pseudomonas 

aeruginosa. These strains were found to be highly resistant to a wide range of clinically used 

drugs such as ciprofloxacin (Quinolones / Fluoroquinolone), clindamycin (Lincosamide), 

gentamicin (aminoglycoside), oxacillin (Penicillin), sulfamethoxzole (Sulfonamides,) and 

penicillin G (Penicillin) (MIC values in the range of 512 - 4000 μg / mL). The strains of P. 
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aeruginosa, used in our study, were found to be highly resistant against erythromycin 

(aminoglycoside), penicillin (Penicillin), and streptomycin (aminoglycoside) (MIC values in 

the range of 512-4800 μg / mL). Screening of temporin-LK 1 (16) and its analogues 17-19 

against these strains revealed that the natural peptide 15 was inactive against these multidrug 

resistant strains (Table-20). The analogue 17 containing D-alanine in place of glycine 

displayed stronger antimicrobial activity against all clinically resistant strains with more than 

70 % inhibition against all tested drug resistant strains at the dose of 300 µg / mL. By replacing 

D-alanine in peptide 17 with a bulkier unusual amino acid naphthylglycine (peptide 19), the 

antimicrobial action was diminished.  While peptide 18 containing a phenylglycine in place 

of glycine residue of 16, was found active against UK and Pakistani clinical isolates of P. 

aeruginosa. Thus peptide 17 was identified as a novel inhibitor of several drug resistant 

bacterial strains.  

  Table-20: In-vitro Activities of Peptide 16-19 against MDR Strains of S. aureus and P. 

aeruginosa 

Peptides EMRSA-17 EMRSA-16 EMRSA-252 1 2 3 

% Inhibition  at dose 300 µg / mL 

16 Inactive Inactive Inactive Inactive Inactive 70.87 

17 78.04 67.23 68.89 79.03 74.93 82.04 

18 5.82 33.61 21.73 Inactive 78.15 82.27 

19 20.21 4.51 7.765 2.86 10.16 26.32 

Oxacillin Inactive Inactive Inactive Inactive - - 

Clindamicin Inactive Inactive Inactive Inactive - - 

Gentamicin Inactive Inactive Inactive Inactive - - 

Erythromycin - - - - Inactive Inactive 

Penicillin - - - - Inactive Inactive 

Sulbactam 

Sodium Salt 
- - - - Inactive Inactive 

1. Pakistani Drug Resistance Clinical Isolate of S. aureus 

2. Pakistani Drug Resistance Clinical Isolate of P. aeruginosa 

3. UK Drug Resistance Clinical Isolate of P. aeruginosa 
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8.2.6: Ex vivo Antibacterial Activity  

In vitro antibacterial activity of some compounds decreases in in vivo due their interaction 

with the other molecules present in whole blood (Yeaman et al., 2002). The antibacterial 

efficacy of peptides 16-19 was also studied in the presence of whole blood in ex vivo 

experiments. It was observed that the peptide 17 displayed some decrease in activity at 300µg 

/mL in ex-vivo studies against all the strains (Table-21). 

Table-21: Ex vivo Activities of Peptide (16-19) against MDR Strains of S. aureus and P. 

aeruginosa 

 

 

 

 

 

 

 

Peptide EMRSA-17 EMRSA-16 EMRSA-252 1 2 3 

% Inhibition  at dose 300 µg / mL 

16 Inactive Inactive Inactive Inactive Inactive Inactive 

17 67.87 60.12 48 66.82 20.10 76.56 

18 23.4 14.7 36.4 9.5 13.28 53.05 

19 7.67 4.68 3.92 1.71 Inactive 39.31 

1. Pakistani Drug Resistance Clinical Isolate of S. aureus 

2. Pakistani Drug Resistance Clinical Isolate of P. aeruginosa 

3. UK Drug Resistance Clinical Isolate of P. aeruginosa 
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Chapter 9 

Experimental 

9.1: General Experimental Procedures 

Protected amino acids, resin, coupling reagents, and solvent were purchased from Sigma Aldrich, 

Chem-impex and Novabiochem. Purification of peptide was performed by Reverse Phase High 

Performance Liquid Chromatography on (LC-900 Japan). C18 Column Jaigel ODS-MAT 80 was 

used in the purification of peptide at a flow rate of 2 mL/min, and H2O / MeOH (50: 50) was 

used a mobile phase. Bruker Nuclear Magnetic Resonance spectrometers were used for recording 

1H and 13C Nuclear Magnetic Resonance spectrometers spectra, and chemical shifts were 

reported in ppm. Electron Spray Ionization and Matrix-assisted laser desorption/ionization mass 

spectra were recorded on QSTAR XL (Applied Biosystems) and Ultraflex III TOF/TOF (Bruker 

Daltonics, Bremen, Germany) respectively. 

9.2: Synthesis of Brachystemin A (14) 

9.2.1: Loading of First Amino Acid on Resin 

4-Sulfamylbutyryl AM resin was soaked in dimethylformamide (DMF) for 1h and after an 

hour, Fmoc-Gly (4 equiv.), PyBOP (4 equiv.), and DIEA (8 equiv.) dissolved in DMF were 

added to the 10 ml polypropylene syringe containing soaked resin. The reaction mixture was 

stirred for 24 hrs on an orbital shaker. This coupling step was repeated to achieve maximum 

loading. 

9.2.3: Peptide Coupling 

Deprotection of peptidal resin was performed by 20 % 4-methylpiperidine in DMF for 20 min. 

After deprotection step, the resin was washed with DMF. The next Fmoc-amino acid (3 equiv.) 

was activated by PyBOP (4 equiv.), and DIEA (4 equiv.) in 5 mL of DMF. 
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9.2.4: Activation of Sulfonamide Linker 

Fmoc protecting group of linear peptidyl resin was removed by 20 % 4-methylpiperidine in 

DMF for 20 min, and protection of amino group of the terminal amino acid was done by 

triphenyl methyl chloride (4 equiv.) in the existence of DIEA (8 equiv.) for 2 h. The activation 

of linker was performed by reaction with iodoacetonitrile (10 equiv.) in presence of DIEA 

(2.25 mL, 12 equiv.) and N-methylpyrrolidinone (NMP) for 12 h under N2. The reaction vessel 

was protected from light by covering with aluminium foil. The resin was washed, and the trityl 

group was removed by 5 % trifluoroacetic acid / dichloromethane for 2 h. 

9.2.5: Cyclization and Release of Peptide from the Resin 

The activated peptidal resin was soaked in tetrahydrofuran and treated with base DIEA (3 

equiv.) for 24 hrs under nitrogen environment. The resin was filtered and washed with 

tetrahydrofuran and dichloromethane (3 times). The filtrate was concentrated to remove 

solvents and the crude residue was precipitated with cold diethyl ether. Finally, the side chain 

protecting groups were removed by treatment with TFA/TIS/H2O (9.5:0.25:0.25). The peptide 

residue was precipitated by cold ether, lyophilized, and then purified by RP-HPLC. 

9.3: Characterization of Brachystemin A (14) 

Physical State   Crystalline solid 

Yield    59.9 mg (7.4 %) 

[] D24    -23 (c 0.0005, MeOH) (Lit. -21.0; c 0.23, MeOH) 

M.P.  260-261°C (Lit. > 250 °C)  

ESI-MS [M +H] +   m/z 755 

HRESI-MS [M +H] +  755.4068 [M + H] + (calc. for C37H45N8O9, 755.4092) 

IR (KBr)   3408, 3250, 1680, 1650 cm-1    

UV (MeOH) max (ε)   259 nm, 228 nm, 222 nm, 213 nm 

Observed 1H-NMR (Pyradine-d5), 300 MHz): δH 0.73 (3H, d, J = 6.8 Hz, Leu - γ CH3), 0.97 

(3H, d, J = 6.0 Hz, Leu - γ CH3), 1.24 (1H, m, Leu - β CH2), 1.31m (1H, m, Leu – β CH2), 

1.34 (2H, m, Pro2 – γ CH2), 1.39 (3H, d, J = 6.4 Hz, Thr - γ CH3), 1.55 (3H, d, J =5.6 Hz, Ala 
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- β CH3), 1.84 (3H, d, J = 7.6 Hz, Ala3 – β CH3), 2.01 (2H, m, Pro2 – β CH2), 2.03 (1H, m, 

Leu- γ CH), 2.05 (2H, m, Pro1- γ CH2), 2.29 (2H, m, Pro1- β CH2), 3.16 (1H, m, Pro2 – σ CH), 

3.34 (1H, m, Phe - β CH2), 3.38 (1H, m, Pro2 – σ CH), 3.45 (1H, m, Phe - β CH2), 3.87 (1H,dd 

J = 16.8Hz, 5.6Hz, Gly - CH2), 4.00 (2H, m, Pro1 – σ CH2), 4.30 ( 1H, m, Ala6 – α CH), 4.54 

(1H, dd, J = 16.8Hz, Gly-CH2), 4.61 (1H,m, Pro2 – α CH), 4.79 (1H, d, J =8.0Hz, Thr - α CH), 

4.94 (1H, m, Pro1 - αCH), 5.01 (1H, m, Phe - CH), 5.03 (2H, m,  Thr – β CH2), 5.20 (1H, m, 

Ala3 -CH), 5.43 (1H, m, Leu - α CH), 7.10 ( 1H, br. S, Leu - NH), 7.18 - 7.53 (5H, m, Phe - 

CH),7.50 ( 1H, d, J = 7.6 Hz, Thr - NH), 7.73 (1H, d, J = 5.6 Hz, Phe-NH),7.95(1H, d, J = 9.6 

Hz, Ala - NH), 8.96 (1H, t, J = 6.4 Hz, Gly - NH), 10.61 ( 1H, d, J = 2.0 Hz, Ala-NH). 

9.4: Synthesis of Duanbanhuain B (15) 

9.4.1: Loading of First Amino Acid on Resin  

Wang Resin (Novabiochem, 0.9 mmol/g) was soaked in dichloromethane (DCM) for 1h and 

after an hour, Fmoc-Asp-Oall (5 equiv.), PyBOP (5equiv.) and DIC (5 equiv.), in 5 mL of 

DMF. were added to the 10 ml polypropylene syringe containing soaked resin. The reaction 

mixture was stirred for 24 hrs on an orbital shaker. This coupling step was repeated to achieve 

maximum loading. 

9.4.2: Peptide Coupling.  

The Fmoc protecting group was detached by 20 % piperidine in DMF for 20 minutes, 

monitored by washing with dimethyl formamide and occurrence of the free amino group was 

ascertained using Kaiser test. Second Fmoc amino acid (3 equiv.) dissolved in DMF (5 mL), 

DIC (3 equiv.) and PyBOP (3 equiv.) were added to the peptidal resin soaked in DMF. Linear 

peptide was elongated, until the desired peptide attach with resin was formed having Fmoc 

group at the terminal amino acid. 
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9.4.3: Removal of Allyloxycarbonyl (Alloc) Group  

Alloc protecting group from the starting amino acid of the peptide was removed by treating 

the resin with tetrekis (triphenylphosphine) palladium (0) catalyst (0.8 equiv.) dissolve in 30 

mL DCM, NMP, AcOH (28.5: 0.5: 1) for overnight.  

9.4.4: Cyclization and Cleavage of Cyclic Peptide 

Fmoc protecting group was detached from the terminal amino acid, by treating the peptide 

resin with 20 % piperidine in DMF for 20 min, followed by washing with dimethyl formamide 

and removal of Fmoc group was ascertained using Kaiser test. Immediately afterward, the 

resin was swollen in DMF and adding DIC (5 equiv.) and oymapure (5 equiv.). The cyclization 

proceeded overnight and cyclization was confirmed by Kaiser test, which give negative result. 

After the successful completion of cyclization, the cyclic peptide was cleaved with TFA: H2O 

(95:5) in the presence of scavenger. The peptide residue was precipitated by cold ether, 

lyophilized, and then purified by RP-HPLC. 

9.5: Characterization of Duanbanhuains B (15) 

Physical State     White solid  

Yield     40.3 mg (5.1 %) 

[] D24     -26.0 (c 0.15, C5H5N) (Lit. -30.1; c 0.15, C5H5N) 

M.P.     240 oC 

MALDI-TOF-TOF MS [M +Na] +  m/z 906.4 

HRMALDI-TOF-TOF MS [M +H] + 906.4121 [M + Na] + (calcd. for C45H57N9O10Na) 

IR (KBr)     3480, 3411, 1727, 1701, 1638 cm-1    

UV (MeOH) max (ε)      259 nm, 228 nm, 222 nm, 213 nm 

Observed 1H-NMR (Methanol-d4, 500 MHz): δH 0.90 (3H, d, J = 6.8 Hz, Leu - γ CH3), 0.93 

(3H, d, J = 6.0Hz, Leu - γ CH3), 1.51 (2H, m, Leu - β CH2), 1.00 (3H, d, J = 5.6 Hz, Ala5 - β 

CH3), 1.60 (4H, m, Pro1,4 - γ CH2), 1.84 (2H, m, Pro1 - β CH2), 1.87 (2H, m, Pro4 - β CH2), 

1.51 (1H, m, Leu - γ CH, 3.15 (1H, m, Phe - β CH2), 3.18 (1H, m, Phe - β CH2), 3.43 (1H, d, 

Trp - β CH2), 3.46 (1H, d, Trp - β CH2), 3.80 (1H, m, Pro1,4 - σ CH), 3.67 (2H,dd J = 16.8Hz, 
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5.6 Hz, Gly-CH2), 4.28 (1H, m, Trp6 – α CH), 4.28 ( 1H, m, Ala5 – α CH), 4.03 (1H, m, Pro1,4 

– α CH), 4.03 (1H, m, Phe – α CH), 4.28 (1H, m, Leu8 - α CH), 7.01 (2H, s, Trp6 - C5,6H), 7.07 

(1H, s, Trp6 - C2H), 7.58 (1H, s, Trp6 - C4H). 

9.6: Immunomodulatory Activity of Brachystemin A (14) 

9.6.1: Nitrite Concentration in Mouse Macrophage Culture Medium 

Cell line J774.2 of the mouse macrophage was cultured in 75 cc flasks over Dulbecco's 

Modified Eagle's Medium, containing 10 % fetal bovine serum and 1 % penicillin was added 

as supplement. The flasks were then incubated in humidified air having 5 % CO2 at 37°C and 

the cells (106 cells / mL) were then shifted into 24-well plate. E-coli lipopolysaccharide (LPS) 

(30 µg / mL) was then added in order to induce Nitric oxide synthase (NOS-2) in the 

macrophages. 30 µM concentration of the test peptide (s) was added to the cells in 24-well 

plate and incubated further in 5%CO2 at 37°C for 48 hours. The accumulated nitrite as 

supernatant in the cell culture was then measured using griess protocol (Andrade et al., 2005). 

9.6.2: Cytokine Production and their Quantification 
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9.6.3: Cytotoxicity Assay 

9.7: Synthesis of LK-1 (16) and its Analogues (16-19) 

9.7.1: Loading of First Amino Acid on Resin          

Rink amide MBHA resin (Novabiochem, 0.51 mmol / g) was soaked in DCM and then treated 

with 20 % piperidine to remove Fmoc protecting group attached to the resin. Then Fmoc 

protected amino acid (3 equiv), oxyma pure (3 equiv.), and DIC (3 equiv.) were dissolve in 5 
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mL DCM and 5 mL DMF, and added to the resin. The reaction mixture was agitated overnight 

to ensure maximum loading. 

9.7.2: Peptide Coupling 

The Fmoc group from the amino acid (Protected by Fmoc) was detached by 20 % piperidine 

in DMF for 0.35h., followed by washing with dimethyl formamide and presence of the free 

amino group was ascertained using Kaiser test. Second amino acid Fmoc protected (3 equiv.), 

DIC (3 equiv.) and PyBOP (3 equiv.) were dissolved in 5 mL DCM and 5 mL DMF, and the 

solution was added to the reaction mixture for next coupling. Peptide elongation was 

continued, until desired linear peptide attach with resin was formed, having Fmoc group at the 

terminal amino acid, which was detached by 20 % piperidine in DMF 

9.7.3: Cleavage of Peptide from Resin 

The cleavage of peptide chain from resin was achieved by treatment of reaction mixture with 

95 % TFA/TES for 2 hr at room temperature. The solvent was evaporated under vacuum. 

Finally, the crude peptide was precipitated with diethyl ether. 

9.7.4: Peptide Purification  

The peptides were purified by preparative reversed-phase HPLC using a polyamine column 

at a flow rate of 4 mL/min, and H2O/MeOH (30: 70) was used a mobile phase for the 

purification of peptides 15-18.  

9.7.5: Characterization of Temporin-LK 1 (16) and its Analogues (17-19) 

Temporin-LK 1 (16): Synthesis of peptide 16 was started from Rink amide resin (2 g, 0.51 

mmol). Overall yield =15.7 %; 1H NMR (DMSO-d6, 600 MHz); δH 0.67 (3H, m, Leu9- δ CH3), 

0.70 (3H, d, J = 6.5 Hz,  Leu9- δ CH3) ; 0.90, 0.86 ( 6H, d, J = 6.5 Hz,  Leu2- δ CH3 ), 0.85, 

0.83 ( 6H, d,   J = 6.5 Hz, Leu13- δ CH3 0.76, 0.72 ( 6H, d,   J = 6.5 Hz, Leu14- δ CH3), 1.21 

(3H, m, Ala10- β CH3), 2.44 (4H, m, 2 x Met5,6- γ CH2), 1.89 (4H, m, 2 x Met5,6 - β CH2), 1.37 

(4H, m, Leu9, 13- β CH2), 1.49 (4H, m, Leu2, 14- β CH2), 1.29 (2H, m, Lys3- γ CH2), 1.49 (2H, 
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m, Lys- β CH2), 1.60, 1.84, 1.91, 1.98 (4H, m, Leu2,9, 13, 14- γ CH2), 1.61 (4H, m, Pro4, 15 - γ 

CH2), 1.74 (4H, m, Pro4, 15 - β CH2), 1.79 (2H, m, Lys3- δ CH2),  2.00 (3H, s, Met5,6 - CH3), 

2.03 (3H, s, Met5,6 - CH3), 2.74 (2H, m, Lys - σ CH2), 3.54 (2H, m, Pro4- δ CH2)  3.58 (2H, 

m, Pro15- δ CH2),  3.73 (2H, m, Gly11 - CH2), 3.63 (4H, m, Ser7,8 - β CH2), 2.85  (4H, m, 

Phe16,17 - β CH2), 3.00  (2H, m, Phe12 - β CH2), 3.06  (2H, m, Phe1 - β CH2), 4.03-4.48 (14H, 

m, α CH), 4.54-4.69 (2H, m, Pro4, 15 - α CH), 5.06, 4.99 (2H, Ser7-OH), 5.00 (2H, Ser8-OH), 

5.00-5.06 (2H, m, NH2), 7.07 (2H, br, NH2CO), 7.07 - 7.28 (20H, m, Phe1, 12, 1 6, 17 - C2-6H), 

7.70-8.13 (14H, m, NH); MALDI-TOF-TOF-MS, m/z 1945.02 [M+H]+ and m/z 1967.04 

[M+Na]+. 

Peptide 17: Synthesis of peptide 17was started from Rink amide resin (2 g, 0.51 mmol). 

Overall yield 19.9 %; 1H NMR (CD3OD, 600 MHz); δH 0.86 (3H, m, Leu2- δ CH3), 0.90 (3H, 

d, J = 6.5 Hz,  Leu2- δ CH3), 0.92 (6H, m, Leu13- δ CH3), 0.92, 0.96 (6H, d, J = 6.5 Hz,  Leu14- 

δ CH3), 1.03 (6H, d, J = 6.5 Hz,  Leu9- δ CH3), 1.52 (3H, m, Ala10- β CH3), 1.57 (3H, m, Ala11- 

β CH3), 1.60 (4H, m, Leu2,9, 13, 14- γ CH2), 2.58, 2.73 (4H, m, 2 x Met5,6- γ CH2), 1.97 (4H, m, 

Met5,6 - β CH2), 1.59 (2H, m, Leu14- β CH2), 1.77 (6H, m, Leu2, 9, 14- β CH2), 1.30 (2H, m, 

Lys3- γ CH2), 1.79 (2H, m, Lys- β CH2), 1.50 (4H, m, Pro4, 15 - γ CH2), 1.68 (4H, m, Pro4, 15 - 

β CH2), 1.79 (2H, m, Lys3- δ CH2),  2.07 (3H, s, Met5,6 - CH3), 2.09 (3H, s, Met5,6 - CH3), 2.74 

(2H, m, Lys - σ CH2), 3.71 (4H, m, Pro4,15, δ CH2), 3.59 (1H, m, Ser7 - β CH2), 3.96 (1H, d, J 

= 4.9 Ser7 - β CH2), 3.73, 4.01 (2H, m, Ser8 - β CH2), 2.99, 3.30 (2H, m, Phe1 - β CH2), 3.14 

(2H, dd, J = 13.8, 3.9, Phe12,16 - β CH2), 3.88 (2H, dd, J = 13.8, 5.7, Phe12,16 - β CH2), 3.12 

(2H, m, Phe17 - β CH2), 4.06-4.30 (15H, m, α CH), 4.41 (2H, m,  Pro4, 15 - α CH), 7.12-7.22 

(20H, m, Phe1,12,16,17 - C2-6 H). MALDI- TOF-TOF-MS, m/z 1981.3 [M+Na] +. 

Peptide 18: Synthesis of peptide 18 was started from Rink amide resin (2 g, 0.51 mmol). 

Overall yield =  18.1 %; 1H NMR (CD3OD, 600 MHz); δH 0.67 (3H, m, Leu2- δ CH3), 0.74 

(3H, d, J = 6.5 Hz,  Leu2- δ CH3), 0.74, 0.79 (6H, d, J = 6.5 Hz, Leu13,14- δ CH3), 0.76 (6H, d, 

J = 6.5 Hz,  Leu13,14- δ CH3), 0.84 (6H,m, Leu9- δ CH3), 1.23 (3H, m, Ala10- β CH3), 2.40 (4H, 

m, 2 x Met5,6- γ CH2), 1.86 (4H, m, 2 x Met5,6 - β CH2), 1.50 (2H, m, Leu13,14- β CH2), 1.44,1.40 

(6H, m, Leu2, 9- β CH2), 1.29 (2H, m, Lys3- γ CH2), 1.79 (2H, m, Lys- β CH2), 1.50 (2H, m, 

Lys3- δ CH2), 1.60 (4H, m, Leu2,9, 13, 14- γ CH2), 1.74 (4H, m, Pro4, 15 - γ CH2), 2.48 (4H, m, 
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Pro4, 15 - β CH2), 1.99 (3H, s, Met5,6 - CH3), 2.02 (3H, s, Met5,6 - CH3), 2.74 (2H, m, Lys - σ 

CH2), 3.49 (2H, m, Pro4,15, δ CH2), 3.63, 3.61 (4H, m, Ser7,8 - β CH2), 2.78, 2.85, 2.88, 2.98  

(8H, m, Phe1,12,16,17 - β CH2), 4.06-4.30 (15H, m, α CH), 3.49, 4.41 (4H, m, Pro4, 15 - α CH), 

5.58 (1H, d, J= 8.2, Phg- α CH ), 7.01-7.35 (25H, m, Phe1,12,16,17 , C2-6 H, Phg11 - C2-6 H). 

MALDI-TOF-TOF-MS, m/z 2043.1 [M+Na] +. 

Peptide 19: Synthesis of peptide 19 was started from Rink amide resin (2 g, 0.51 mmol). 

Overall yield =  17.2 %; 1H NMR (CD3OD, 600 MHz); δH 0.82 (6H, m, Leu9- δ CH3), 0.89 

(6H, d, J = 6.5 Hz,  Leu2- δ CH3), 1.85, 1.98 (12H, m, Leu13,14- δ CH3), 1.63 (3H, d, J = 7.2 

Hz, Ala10- β CH3), 2.57 (2H, m, Met5- γ CH2), 2.73(2H, m, Met6- γ CH2), 1.86 (4H, m, Met5,6 

- β CH2), 1.60 (4H, m, Leu2,9- γ CH2), 1.85, 1.98 (4H, m, Leu13,14- γ CH2), 1.27, 1.77, 1.67 

(8H, m, Leu2, 9,13,14- β CH2), 1.30 (2H, m, Lys3- γ CH2), 1.79 (2H, m, Lys- β CH2), 1.50 (2H, 

m, Lys3- δ CH2), 1.77, 1.59 (4H, m, Pro4, 15 - γ CH2), 2.14, 2.48 (4H, m, Pro4, 15 - β CH2), 2.05 

(3H, s, Met5,6 - CH3), 2.07 (3H, s, Met5,6 - CH3), 2.74 (2H, m, Lys - σ CH2), 3.08 (2H, dd, J = 

13.5 Hz, 4.3 Hz, Nap11- β CH2), 3.72 (4H, m, Pro4,15, δ CH2), 3.59, 3.73, 3.96, 4.01 (4H, m, 

Ser7,8 - β CH2), 2.78, 2.78, 3.79, 4.01,  2.98  (8H, m, Phe1,12,16,17 - β CH2), 4.06-4.30 (15H, m, 

α CH), 3.49, 4.41 (4H, m, Pro4, 15 - α CH),  7.01-7.35 (27H, m, Phe1,12,16,17 , C2-6 H, Nap11 - C2-

8 H). MALDI-TOF-TOF-MS, m/z 2107.42 [M+Na] +. 

9.8: CD and DLS Analysis  

Circular dichroism (CD) conformational analysis of synthetic peptides was performed at 25oC 

in J-810 spectropolarimeter (JASCO, Japan) using a quartz cell of 0.1 cm path length. Peptides 

were solubilized in DMSO and further diluted in sodium phosphate buffer, pH 7.4 (10 mmol), 

in absence or presence of 80 mmol SDS or 40 % tetrafluoroethylene (TFE), at a final 

concentration of 10 µM. The far-UV (190-250 nm) CD spectra were acquired with bandwidth 

of 2 nm, response 2 sec, and scanning speed 50 nm/min. Each spectrum was the average of 

four scans and solvent spectra (i.e. PB7.4, 80 mmol SDS mmol SDS and 40 % TFE, 

respectively) were subtracted, followed by baseline correction and smoothing (Ali et al., 

2014). Aggregation properties of the peptides under identical peptide and buffer 

concentrations were also measured either by CD using high concentration of sample (30 µM) 

http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&sqi=2&ved=0CB0QFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FTetrafluoroethylene&ei=w6RsVYidK6XpywP0xoLwCw&usg=AFQjCNEq6bHhFxgx2aohjMIKXdVr6zTSwg&bvm=bv.94455598,d.bGQ
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and/or by dynamic-light scattering (DLS) using Laser-Spectroscatter 201 (RiNA GmbH, 

Germany), as recently described by us (Hameed et al., 2014). 

9.9: Antibacterial Activity of Temporin-LK 1 (16) and its Analogues (17-19) 

9.9.1: Bacterial Susceptibility Determination 

Antibacterial potential was determined employing bacterial susceptibility determination 

protocol (Sarker et al., 2007, Pettit et al., 2005) with slight modification, using alamer blue 

dye (Trek Diagnostic System, USA) on 96-well flat bottom plate. Typically stock solution (1 

mg/Ml) of the test peptide was prepared in DMSO solvent, which was further diluted to 300 

µg/mL in Muller Hinton broth (MHB. Fluka, Switzerland). Bacterial cell (5 x 106) were then 

inoculated into 96-well plate and sealed. The sealed plates were incubated for 24 hours at 

37oC, followed by distribution of 10 % Alamar blue dye and shaken further on a shaking 

incubator at 80 rpm.  (Wise Cube, Daihan)  

9.9.2: Ex vivo Antibacterial Bioassay 

Blood sample collected from healthy human adding heparin as anti-coagulant was inoculated 

with mid-log phase of MDR S. aureus and P. aeruginosa (ca. 10 6 CFU/mL). The blood 

sample and the bacterial suspension (ca. 10 6 CFU/mL) in 10 mM PB (pH 7) and the test 

peptide (two-fold diluted) were incubated at 37°C for half an hour. The incubated suspension 

was then plated onto the Trypton Soya Agar (TSA) from each well and were allowed to 

solidify, followed by incubation again for 18-24h. at 37°C. The bacterial colonies survived 

were then counted using colony counter and MIC values were determined. All the results were 

expressed on a molar basis as an average of MICs obtained from 3 to 5 separate experiments 

(Deslouches, et al., 2005). 
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Chapter 11 

Glossary 

Antibacterial Agents 

An antibacterial is an agent that interferes with the growth and reproduction of bacteria. 

Anti-inflammatory Cytokines 

The cytokines that control and reduce the level of inflammation and promotes healing 

processes are known as Anti-inflammatory Cytokines 

Allelopathic Behavior 

Some plant species releases chemical to inhibit the growth of other plant species in 

neighborhood; such behavior are called allopathic behavior. 

Antipsychotic 

The drugs used for the treatment of psychotic disorders, for instance schizophrenia, paranoia, 

and bipolar disorders. 

Anticancer/ Antitumor Agents 

Agents that inhibit the formation of tumor or to stop the irregular cell division are known as 

anticancer or antitumor agents. 

Ayurvedic system  

Traditional system of medicine evolved and used in Indian subcontinent is called ayurvedic 

treatment. It is generally based on herbal remedies. 

Bioassay 

The comparison of test and standard compound in-vitro and in-vivo analysis, is known as 

bioassay.  
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Biosynthesis 

The synthesis of primary and secondary metabolites inside the living cell in the presence of 

enzymes is known as biosynthesis. 

Broad-Band Decoupled 13C-NMR Spectrum 

It is a fully decoupled 13C-NMR spectrum, which gives information about the number of 

carbon atoms in a molecule and their electronic environment.  

Chemical Shifts (δ) 

The difference between the precession frequencies of a nucleus to standard (TMS) is called 

chemical shift value. It is expressed in ppm (Parts per million).  

Chromatography 

It is a separation technique in which the constituents of the mixture are separated between the 

two phases (Stationary and mobile phases). 

Circular Dichroism (CD) 

Circular Dichroism is the difference in the absorption of left-handed circularly polarized light 

(L-CPL) and right-handed circularly polarised light (R-CPL) and occurs when a molecule 

contains one or more chiral chromophores (light-absorbing groups). 

 COSY-45° Spectrum 

It is a homonuclear two-dimensional NMR spectroscopic technique, used for the 

determination of vicinal and geminal 1H-1H couplings.  

Coupling Constant (J) 

The magnitude of splitting of NMR signal is known as coupling constant. It is a constant 

number which is employed to determine the scalar coupling between adjacent protons and 

other nuclei. It also determines the strength of interaction of a proton with a non-equivalent 

proton on same carbon (geminal coupling or 1, 2 coupling) or on adjacent carbon (vicinal 

coupling or 1, 3 coupling). It is expressed in cycle/second or Hz. 
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Column Chromatography 

A separation technique in which stationary phase is present in a column or a tube. It is used 

for the purification of compounds from a mixture. 

Distortionless Enhancement by Polarization Transfer (DEPT) 

A one-dimensional 13C-NMR spectroscopic technique, employed to differentiate the 

multiplicity among CH3, CH2, and CH. The DEPT spectra is recoded at different pulse angles, 

i.e. 𝜃° = 45°, 90°, and 135°. 

Electrospray Ionization Mass Spectrometry (ESI-MS) 

The low resolution mass spectrum in which the ionization and fragmentation of the compound 

is brought about by the bombardment of electron beam with 70 ev energy. This gives an 

important clue about the structure of molecule through fragmentation pattern. 

Elute 

The process in which the solute molecules is carrying away by solvent in a chromatographic 

operation is called elute.  

Eluent 

Mobile phase which is used in chromatographic technique for the separation of compounds 

from mixture is called eluent. 

Elution 

The process by which the dissolved constituents in column were carried by mobile phase is 

called elution. 

Flow Rate 

The time required for mobile phase to pass through the column is called flow rate. 

Gradient Elution 

The process in which the polarity of mobile phase changed with time is called gradient elution. 

It is used to decrease the separation time by increasing the polarity of mobile phase over time 

in chromatography. It is also known solvent programming system. Gradient elution may be 
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continuous or stepwise. In routine, HPLC based separation technique, binary, tertiary and 

quaternary gradients solvent are used. 

Heteronuclear Multiple Bond Connectivity (HMBC) 

It is a heteronuclear two-dimensional NMR technique, which determines the long-range 

couplings between carbons and hydrogens (1J, 2J, 3J and 4J in conjugated system). 

Heteronuclear Single Bond Coherence (HSQC) 

It is an inverse heteronuclear two-dimensional NMR spectroscopy, which is used to determine 

the 1H/13C one bond correlations. 

High-resolution Electron Impact Mass Spectrum (HREI-MS) 

It is a mass spectrometry technique which is used directly for the determination of elemental 

composition of a compound through exact mass of the molecule. The HREI-MS is recorded 

by a double focusing mass spectrometer. 

Heteronuclear Multiple Bond Connectivity (HMBC) 

It is an inverse two-dimensional heteronuclear NMR experiment, which determines the long-

range coupling between proton and carbon (1H/13C, 1 J, 2 J, 3 J and 4 J in conjugation). 

Heteronuclear Single Quantum Coherence (HSQC) 

It is an inverse two-dimensional NMR technique used to deduce the direct linkage of proton 

to carbon (1H/13C) through one-bond connectivity. 

Inflammation 

The body’s adaptive and immediate to tissue and cell damage by pathogens stimuli, or 

physical injuries is called Inflammation. 

Infrared Spectroscopy 

It is a spectroscopic technique, which is used for the determination of functionalities in 

molecule. The infrared spectra are generated by the absorption of infrared radiations in region 

ranging from 320-4000 cm-1 by a substance. 
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Isocratic solvent system 

The process in which the polarity of mobile phase remains same throughout the operation in 

column chromatography is known as isocratic solvent system. 

Mobile Phase 

The solvent (liquid, gas) used to elute the solute in column chromatography is called mobile 

phase. 

Nuclear Overhauser Enhancement Difference Spectrum (NOE) 

It is a 1D NMR experiment which shows the coupling of two nuclei in space. The signal 

intensity is enhanced due to dipolar coupling of two nuclei. The magnitude of signal intensity 

is employed for the determination of stereochemistry of molecule. 

Optical Rotation  

It is a physical property of a molecule that rotates the plane polarized light either towards the 

right or towards the left. Its presence in a molecule indicates the chiral nature of the 

molecule. 

Pharmacokinetic 

The process by which a drug is absorbed, distributed, metabolized and eliminated by the body. 

Proton-NMR Spectrum (1H-NMR) 

A one-dimensional NMR technique which gives information about the electronic environment 

of a proton in a molecule. 

TOCSY 

TOCSY is a total correlation spectroscopy, which is also called HOHAHA (Homonuclear 

Hartmann Hahn). It provides couplings of all the protons in an isolated spin system. 
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