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Abstract 

Spermatinamine was isolated from an Australian marine sponge, Pseudoceratina sp. as an 

inhibitor of isoprenylcystiene carboxyl methyltransferase (Icmt), an attractive and novel 

anticancer target. Herein, we report the synthesis of spermatinamine analogues and their 

cytotoxic evaluation against three human cancer cell lines i.e. cervix adenocarcinoma (HeLa), 

breast adenocarcinoma (MCF-7), and prostate carcinoma (DU145). Analogues 12, 14 and 15 

were found to be the most potent against one or more cell lines with the IC50 values in the range 

of 5 - 10 µM. The obtained results suggested that longer polyamine linker along with aromatic 

oxime substitution provided the most potent analogue compounds against cancer cell lines. 

______________________________________________________________________________ 

Bromotyrosine secondary metabolites are marine invertebrates derived natural products and have 

been described for their variety of biological activities including: anticancer, antimicrobial, 

antifouling, antiviral, ATPase regulator, calcium channel modulator, etc [1]. More than 300 

bromotyrosine-derived alkaloids are currently known and divided into six categories according 

to their chemical structures: simple bromotyrosine derivatives (suberedamines A) [2], oximes 

(spermatinamine) [3], bastadins ((E,E)-Bastadin 19) [4], spirocyclohexadienylisoxazolines (11-

Hydroxyaerothionin) [5], and other more complex structural classes. The anticancer activity of 

bromotyrosine-derived natural products has also been investigated and a significant number of 

compounds have been found to elicit anticancer activity, both in vitro and in vivo [6-8]. 

 Spermatinamine (1), a polyamine alkaloid, containing a bromotyrosyl-spermine-bromotyrosyl 

sequence was isolated from an Australian marine sponge, Pseudoceratina sp. as an inhibitor of 

isoprenylcystiene carboxyl methyltransferase (Icmt) [3]. Icmt is an attractive and novel 

anticancer target and the various studies have provided strong evidence that tumorigenesis can be 

markedly impaired in cells by blocking Icmt activity [9]. Polyamines have been described earlier 

for their variety of cellular functions and cancer associations [10-12]. Polyamines analogues are 

being developed as anticancer drugs to target polyamines metabolic enzymes [10, 12-16]. The 

ability of different types of polyamines to recognize different receptor systems provided the 
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rationale for developing polyamines as drugs selective for different biological targets [17]. 

Polyamines could be considered as a skeleton key in the drug-receptor recognition process 

because it can assume different conformations in order to enable interaction between the drug 

and the receptor [18]. Recently, Hillgren et al [19] reported the isolation and characterization of 

four novel bromotyrosine polyamine alkaloids, pseudoceramines A-D (2-5) from marine sponge, 

Pseudoceratina sp. as inhibitors of the type III secretion (T3S) system of Gram-negative 

bacterium Yersinia pseudotuberculosis. 

 

Fig. 1 Structures of spermatinamine (1) and pseudoceramines A-D (2-5) 

As minor structural variations can have considerable effect on the biological activity of these 

natural compounds, we synthesized a number of spermatinamine analogues by modifying the 

polyamine linker between the two-bromotyrosine rings and the substitution on oxime group. The 

compounds were then evaluated against three human cancer cell lines i.e. cervix adenocarcinoma 

(HeLa), breast adenocarcinoma (MCF-7), and prostate carcinoma (DU145) by using MTT assay. 

To the best of our knowledge no such study on the anticancer activities of spermatinamine 

analogues has been performed to date, which is necessary for an eventual lead optimization 

within this class of modified natural products. 

Spermatinamine was synthesized by following the recently reported synthetic route [19] with an 

overall yield of ~ 55% (over 4 steps). In our synthetic strategy, 3,5-dibromo-5-

methoxybenzaldehyde  was used as starting material to prepare dibromo-O-methyltyrosine which 

was then converted to azalactone (6) by reacting it with N-acetylglycine [20]. The synthesized 

azalactone (1) was then hydrolyzed by using barium hydroxide followed by addition of different 

types of hydroxylamine hydrochloride (R = H, Me, Bz) which yielded three types of substituted 

hydroxamic acid. The hydroxamic acid analogues were converted to methyl esters (7-9) by 

reacting it with methyl iodide in presence of DBU as a catalyst as shown in Scheme 1 [21]. It is 

noteworthy that most of reaction products were reasonably pure and column chromatography 
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purification was needed only in the final step. The oxime geometry was determined as (E) based 

on NMR and as reported earlier [22, 23].   

 

 

 Scheme 1 Synthesis of substituted oxime methyl esters (2-4) 

Methyl esters (7-9) were then coupled with various types of polyamines [20, 24] as shown in 

scheme 2. This efficient synthesis afforded the products (10-21) with approx. 50-55% yield. The 

polyamines chosen for the coupling were biogenic polyamines i.e. naturally available such as 

spermine, spermidine and cadaverine. its well-known that biogenic polyamines such as 

putrescine, spermidine, and spermine, are ubiquitous cellular cations and exert multiple 

biological functions [25]. Nayvelt et.al. [26] described that several polyamine analogues down-

regulate polyamine levels, inhibit cellular uptake, and activate catabolism. Casero and Woster 

[27] also indicated that polyamine chains have been used to make hybrid drug molecules in order 

to improve cellular import, to increase affinity for chromatin, or to serve as carriers. The 
1
H 

NMR analyses of the purified compounds in scheme 2 revealed the symmetric character of the 

final products (10-12 and 16-18). While compounds (13-15) showed the unsymmetrical 

characteristics (see supporting information). The configuration of the oxime was confirmed for 

the final products to be (E) based on NMR and as reported in the literature for spermatinamine 

and other similar natural product like psammapline A [23]. 
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Scheme 2 Synthesis of spermatinamine analogues (10-21) 

The synthesized spermatinamine analogues were evaluated for their cytotoxicity against three 

human cancer cell lines representing breast, cervical and prostate. MTT (3-(4,5-Dimethylthiazol-

z-yl)-2,5-diphenyltetrazolium bromide) assay was used to assess the IC50 (compound 

concentration required to inhibit 50% cell viability) and growth inhibition of the cells after 

treatment with test compounds. This assay targets the activity of succinate dehydrogenase 

enzyme in mitochondria, which reduces the tetrazolium salt into formazan crystals. The intensity 

of the color of formazan dye correlates to the number of viable cells [28]. The IC50 values were 

calculated and are summarized in Table 1. Out of the 12 test compounds, five compounds (11, 

12, 14, 15 and 20) were found to be active at lower concentrations while other compounds 

showed IC50 values greater than 100 µM. Comparison of cytotoxicities of active analogues based 

on the type of linker suggested that spermine, spermidine and Bis(2-aminoehtyl)amine linkers 
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were able to induce significant cytotoxicity in all the cell lines, however analogues with 

cadaverine linker were found to be inactive. It is also noteworthy that the only difference 

between spermatinamine and spermine tethered compound (R = H) is the presence of methyl 

group, but their cytotoxic effects differ widely. Activity profiles of these five compounds were 

also suggestive of thefact that methyl and aromatic substitution of oxime group is useful for their 

potent activity. 

 

 

 

 

Table 1: Cytotoxicity (IC50 in µM) of test compounds against cancer cell lines (HeLa, MCF-7 

and DU145).   

 

 HeLa DU145 MCF-7 

Analogue No. cLog P
a
 24 h 48 h 24 h 48 h 24 h 48 h 

10 
6.29 >100 >100 >100 >100 >100 >100 

11 
8.50 

26.3 25.0 26.2 27.7 24.8 19.1 

12 
11.25 

4.0 2.9 4.0 4.6 4.5 3.4 

13 
6.73 

>100 >100 >100 >100 >100 >100 

14 
9.01 

8.9 8.4 8.9 8.5 11.1 7.5 

15 
11.74 

7.3 3.3 7.3 5.8 5.4 5.7 

16 
6.64 

>100 >100 >100 >100 >100 >100 

17 
9.01 

>100 >100 >100 >100 >100 >100 

18 
11.70 

>100 >100 >100 >100 >100 >100 

19 
5.84 

>100 >100 >100 >100 >100 >100 

20 
8.00 

25.8 10.8 25.8 27.9 27.1 30.9 

21 
10.80 

>100 >100 >100 >100 >100 >100 

Spermitinamine 
[29]

  

7.45 - - 1.60 - 1.60 - 

cLogP was calculated using Chem draw software. 
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The effect of test compounds on cell growth/proliferation was also analyzed. Figure 2 represents 

the growth inhibition of cancer cells after treatment with five (11, 12, 14, 15 and 20) active 

compounds selected based on IC50 values (Table 1). Based on cell growth inhiition, compounds 

12, 14 and 15 were found to be most active compounds (below 10 µM). Compound 12 was 

found to be the most potent as it inhibited growth of approximately 70% of DU145 cells (Fig 2 

(a)), >90 % of HeLa cells (Fig 2 (b)) and approximately 60% of MCF-7 cells (Fig 2 (c)) at <5 

µM concentration. None of the other test compound was found to be active below 5 µM within 

24 h of treatment.  The anticancer activity of the compound 10 was found to be time dependent 

as the growth inhibition was observed to be significantly increased from approximately 60% at 

24 h to 90% at 48 h in HeLa cells at 5 µM concentration (data not shown). Both 12 and 15 were 

most active against HeLa cell line as compared to DU145 and MCF-7 and this shows that these 

compounds have selective activities against cervical cancer. Comparing the structure activity 

relationship of spermatinamine analogues, it has been understood  that the longer chains linkers 

with the aromatic substitution of oxime group are essential for their cytotoxicity profiles. 

  

 

Fig. 2 Percentage Growth inhibition of (a) DU145, (b) HeLa and (c) MCF-7 cancer cells after 

treatment with five most potent test compounds for 24 h. Data were normalized to untreated 

controls, and error bars represent the standard deviation for triplicate experiments.  
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In conclusion, present manuscript describes the synthesis of spermatinamine analogues by using 

different biogeneic polyamine linkers and oxime substitutions and their cytotoxicity/growth 

inhibition against three human cancer cell lines namely HeLa, DU145 and MCF-7. Syntheses of 

spermatinamine analogues have been achieved in an overall yield of ~34%. Based on IC50 and 

growth inhibition results, 12, 14 and 15 were found to be the most potent compounds.  Structure 

activity relationship of these compounds suggested that the longer chains linkers with the 

aromatic substitution of oxime group are essential for their cytotoxicity profiles. The study 

provided significantly important results for the lead optimization process and needs further 

studies in order to improve the activity profiles of scaffolds.  

 
Acknowledgements 

 

We gratefully acknowledge King Abdullah University of Science and Technology (KAUST) and 

SEDCO grant for the financial support. Also we would like to acknowledge Dr. Maan Hamad for 

his help in getting the HRMS data. 

 

Supplementary data 

 

Supplementary data (1H and 13C NMR, IR and HRMS data, theoretical methods, cell culture 

method and MTT assay procedure) is associated with this article. 

 

Reference List 

 

[1] J. Peng, J. Li, M.T. Hamann, The marine bromotyrosine derivatives, Alkaloids Chem Biol, 

61 (2005) 59-262. 

[2] M. Tsuda, Y. Sakuma, J. Kobayashi, Suberedamines A and B, new bromotyrosine alkaloids 

from a sponge Suberea species, J Nat Prod, 64 (2001) 980-982. 

[3] M.S. Buchanan, A.R. Carroll, G.A. Fechner, A. Boyle, M.M. Simpson, R. Addepalli, V.M. 

Avery, J.N. Hooper, N. Su, H. Chen, R.J. Quinn, Spermatinamine, the first natural product 

inhibitor of isoprenylcysteine carboxyl methyltransferase, a new cancer target, Bioorg Med 

Chem Lett, 17 (2007) 6860-6863. 

[4] W.D. Inman, P. Crews, Unraveling the bastarane and isobastarane oximo amide 

configurations and associated macrocycle conformations: implications of their influence on 

bioactivities, J Nat Prod, 74 (2011) 402-410. 

[5] M. Kernan, R. Cambie, P.R. Bergquist, Chemistry of Sponges, VII. 11, 19-Dideoxyfistularin 

3 and 11-hydroxyaerothionin, bromotyrosine derivatives from Pseudoceratina durissima, Journal 

of Natural Products, 53 (1990) 615-622. 

[6] M.H. Kreuter, A. Bernd, H. Holzmann, W. Muller-Klieser, A. Maidhof, N. Weissmann, Z. 

Kljajic, R. Batel, H.C. Schroder, W.E. Muller, Cytostatic activity of aeroplysinin-1 against 

lymphoma and epithelioma cells, Z Naturforsch C, 44 (1989) 680-688. 

[7] M.H. Kreuter, R.E. Leake, F. Rinaldi, W. Muller-Klieser, A. Maidhof, W.E. Muller, H.C. 

Schroder, Inhibition of intrinsic protein tyrosine kinase activity of EGF-receptor kinase complex 

from human breast cancer cells by the marine sponge metabolite (+)-aeroplysinin-1, Comp 

Biochem Physiol B, 97 (1990) 151-158. 

[8] R. Cordoba, N.S. Tormo, A.F. Medarde, J. Plumet, Antiangiogenic versus cytotoxic activity 

in analogues of aeroplysinin-1, Bioorg Med Chem, 15 (2007) 5300-5315. 



  

8 
 

[9] M. Malumbres, M. Barbacid, RAS oncogenes: the first 30 years, Nat Rev Cancer, 3 (2003) 

459-465. 

[10] E.W. Gerner, F.L. Meyskens, Jr., Polyamines and cancer: old molecules, new 

understanding, Nat Rev Cancer, 4 (2004) 781-792. 

[11] E.A. Paz, J. Garcia-Huidobro, N.A. Ignatenkos, Polyamines in cancer, Adv Clin Chem, 54 

(2011) 45-70. 

[12] H.M. Wallace, A.V. Fraser, Polyamine analogues as anticancer drugs, Biochem Soc Trans, 

31 (2003) 393-396. 

[13] S.L. Nowotarski, P.M. Woster, R.A. Casero, Jr., Polyamines and cancer: implications for 

chemotherapy and chemoprevention, Expert Rev Mol Med, 15 (2013) e3. 

[14] H.M. Wallace, K. Niiranen, Polyamine analogues - an update, Amino Acids, 33 (2007) 261-

265. 

[15] S. Xie, J. Wang, Y. Zhang, C. Wang, Antitumor conjugates with polyamine vectors and 

their molecular mechanisms, Expert Opin Drug Deliv, 7 (2010) 1049-1061. 

[16] T. Thomas, S. Balabhadrapathruni, M.A. Gallo, T.J. Thomas, Development of polyamine 

analogs as cancer therapeutic agents, Oncol Res, 13 (2002) 123-135. 

[17] V. Tumiatti, A. Milelli, A. Minarini, M. Rosini, M.L. Bolognesi, M. Micco, V. Andrisano, 

M. Bartolini, F. Mancini, M. Recanatini, A. Cavalli, C. Melchiorre, Structure-activity 

relationships of acetylcholinesterase noncovalent inhibitors based on a polyamine backbone. 4. 

Further investigation on the inner spacer, J Med Chem, 51 (2008) 7308-7312. 

[18] E. Simoni, C. Bergamini, R. Fato, A. Tarozzi, S. Bains, R. Motterlini, A. Cavalli, M.L. 

Bolognesi, A. Minarini, P. Hrelia, G. Lenaz, M. Rosini, C. Melchiorre, Polyamine conjugation of 

curcumin analogues toward the discovery of mitochondria-directed neuroprotective agents, J 

Med Chem, 53 (2010) 7264-7268. 

[19] J.M. Hillgren, C.T. Oberg, M. Elofsson, Syntheses of pseudoceramines A-D and a new 

synthesis of spermatinamine, bromotyrosine natural products from marine sponges, Org Biomol 

Chem, 10 (2012) 1246-1254. 

[20] N. Ullah, S.A. Haladu, B.A. Mosa, An improved total synthesis of spermatinamine, an 

inhibitor of isoprenylcysteine carboxy methyltransferase, Tetrahedron Letters, 52 (2011) 212-

214. 

[21] T. Namiki, Y. Baba, Y. Suzuki, M. Nishikawa, K. Sawada, Y. Itoh, T. Oku, Y. Kitaura, M. 

Hashimoto, Synthesis and Aldose Reductase-Inhibitory Activities of Structural Analogs of Wf-

3681, a Novel Aldose Reductase Inhibitor, Chem Pharm Bull, 36 (1988) 1404-1414. 

[22] L. Arabshahi, F.J. Schmitz, Brominated tyrosine metabolites from an unidentified sponge, 

The Journal of Organic Chemistry, 52 (1987) 3584-3586. 

[23] Q. Yang, D. Liu, D. Sun, S. Yang, G. Hu, Z. Wu, L. Zhao, Synthesis of the marine 

bromotyrosine psammaplin F and crystal structure of a psammaplin A analogue, Molecules, 15 

(2010) 8784-8795. 

[24] K.C. Nicolaou, R. Hughes, J.A. Pfefferkorn, S. Barluenga, A.J. Roecker, Combinatorial 

synthesis through disulfide exchange: discovery of potent psammaplin A type antibacterial 

agents active against methicillin-resistant Staphylococcus aureus (MRSA), Chemistry, 7 (2001) 

4280-4295. 

[25] C.N. N'soukpoe-Kossi, A.A. Ouameur, T. Thomas, A. Shirahata, T.J. Thomas, H.A. Tajmir-

Riahi, DNA Interaction with Antitumor Polyamine Analogues: A Comparison with Biogenic 

Polyamines, Biomacromolecules, 9 (2008) 2712-2718. 



  

9 
 

[26] I. Nayvelt, M.T. Hyvonen, L. Alhonen, I. Pandya, T. Thomas, A.R. Khomutov, J. 

Vepsalainen, R. Patel, T.A. Keinanen, T.J. Thomas, DNA Condensation by Chiral alpha-

Methylated Polyamine Analogues and Protection of Cellular DNA from Oxidative Damage, 

Biomacromolecules, 11 (2010) 97-105. 

[27] R.A. Casero, Jr., P.M. Woster, Recent advances in the development of polyamine analogues 

as antitumor agents, J Med Chem, 52 (2009) 4551-4573. 

[28] H.Z. Wang, C.H. Chang, C.P. Lin, M.C. Tsai, Using MTT viability assay to test the 

cytotoxicity of antibiotics and steroid to cultured porcine corneal endothelial cells, J Ocul 

Pharmacol Th, 12 (1996) 35-43. 

[29] S.K. Kottakota, M. Benton, D. Evangelopoulos, J.D. Guzman, S. Bhakta, T.D. McHugh, M. 

Gray, P.W. Groundwater, E.C.L. Marrs, J.D. Perry, J.J. Harburn, Versatile Routes to Marine 

Sponge Metabolites through Benzylidene Rhodanines, Org Lett, 14 (2012) 6310-6313. 

 

 
  



  

10 
 

 
Graphical abstract 

 

 

 

 


