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 Mini Review
Suramin (1) is a synthetic compound and has been used as 

a medication for a long period of time. As early as a hundred 
years ago (i.e., 1916), Oskar Dressel and Richard Kothe of Bayer, 
Germany developed this organic compound in success [1]. For 
commercial reasons, Bayer kept its structure as a secret. Till1924, 
a French medicinal chemist Ernest Fourneau and his team of the 
Pasteur Institute elucidated and published its formula [1].

Figure 1:  Structure of suramin (1) and analysis of its components.

As a symmetric molecule with the formula C51H40N6O23S6, 
suramin has an NH–CO–NH functionality in the center as the 
“head” (Figure 1). Starting from the head as a joint, the molecule 
is built by two benzene rings with amide linkers on both 
flanks as the “shoulders,” two amidotoluene as the “arms”, two 
naphthalene rings as the “palms,” and then six sulfonate groups 
as the “fingers”. Many medical applications are associated with 
this symmetric compound [2]. 

Suramin is used as a drug for the treatment of human sleeping 
sickness caused by trypanosomes [3]. Medical, biological, 
and chemical scientists have been researching into its further 
potential applications. In 1984, Broder, et al. reported that this 
drug acts as an inhibitor of HIV-1 [4]. In 1985, Rozenbaum and 
co-workers reported equally promising anti-HIV activity with a 
polyoxometalate in the treatment of HIV infection [5]. In 2012, 
Bolognesi et, al. [6] unveiled the activity of suramin against RNA 
viruses. Their approaches are structure-based for inhibition of 
norovirus RNA dependent RNA polymerases. In 2013, De Clercq 
[7] published a nice review on his personal perspective on 
the drug development, in which suramin is a topic as a potent 
inhibitor of the reverse transcriptase. It could be due to the 
hexasulfonate feature (i.e., the six “fingers”) [8]. In 2015, van 
Hermert, et al. [9] reported the anti-parasitic drug suramin 
inhibits the replication of chikungunya virus (CHIKV) and other 
alphaviruses. While being a potent inhibitor of RNA synthesis in 
vitro, suramin mainly inhibits an earlier, post-attachment step 
of the CHIKV replicative cycle, likely viral entry in cell culture. 
It appears to inhibit (re)initiation of CHIKV RNA synthesis, 
by possible interfering with binding of the template RNA. In 
the same year, Lin, et al. [10] reported that suramin is able to 
reduce viral release and cell-to-cell transmission of CHIKV. 
It possesses potential as a novel anti-CHIKV agent targeting 
viral entry and extracellular transmission. Then Lin, et al. [11] 
evaluated the anti-CHIKV activities of suramin in vivo in terms 
of histopathology, viral burden, and disease score. They found 
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As a popular drug, suramin has attracted much attention for a century. It has an extensive record of clinical trials. This review article 
gives a brief introduction of its wide biological roles, remarkable pharmacological activities, and several side effects. Chemists and biological 
scientists have been working together for the design and synthesis of its derivatives and analogues. Some structure-activity relationships have 
been realized and provide guidelines for its prosperous development in the near future. 
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that suramin treatment reduces chikungunya pathogenesis in 
mice. In addition to the CHIKV, Altmeyer, et al. [12] found that 
the approved pediatric drug suramin can inhibit enterovirus 71 
infections by neutralizing viral particles prior to cell attachment. 
Consequently, it was identified as a clinical candidate for further 
development as a therapeutic or prophylactic treatment for 
severe enterovirus 71 disease.

Recently, Katanaev, et al. [13] has commented on suramin in 
his review article that this drug demonstrates a dose-dependent 
anti-proliferative effect in many human cancer cell lines. Its 
anticancer effects are due to the inhibition of binding of growth 
factors (e.g., vascular endothelial growth factor) to their cognate 
receptors, the folate metabolism, the WNT signaling pathways 
resulting in its complete blockade. Furthermore, fibroblast 
growth factors (FGFs) play crucial roles in the regulation of key 
cellular processes such as angiogenesis, differentiation, and 
tumor growth. Suramin is used as a potent inhibitor of FGF-
induced angiogenesis. On the basis of the results of Yu, et al. [14], 
a model was proposed to explain the molecular mechanism(s) 
underlying the antimitogenic activity of suramin. It is the first 
time that interaction sites of suramin on FGF are characterized. 
Therefore it shows promise for its prospects against cancers of 
various types.

Moreover, suramin is among one of the most studied selective 
histone deacetylase (HDAC) inhibitors as reported by Jiang, et al. 
[15]. The roles of HDAC inhibitors in Alzheimer’s disease possess 

two aspects. First, HDAC inhibitors constrain Aβ-induced 
hyperphosphorylation of tau protein. Second, HDAC inhibitors 
alter the expression of important genes that participate in 
the learning and memory. HDAC inhibitors are suggested to 
function as neuroprotectors by enhancing synaptic plasticity 
and learning and memory in a wide range of neurodegenerative 
and psychiatric disorders [15]. Examples include Alzheimer’s 
disease and Parkinson’s disease.

Suramin is also known as an antipurinergic therapy 
(APT) mediator [16]. It can trigger the mechanism linked to 
mitochondria and influence immunity. Suramin has the ability 
to stabilize cell-to-cell signaling, locomotor function and 
coordination, normalize brain synapse structure, and social 
behavior. Additionally, suramin could provide new therapeutic 
windows for Autism spectrum disorder (ASD) subtypes. A 
number of clinical studies have explored the scope of APT with 
suramin to assist the genetic, metabolic, and environmental risk 
factors of ASD.

The application of this molecule was abandoned for further 
clinical treatment to HIV/AIDS patients because of a significant 
number of fatal occurrences [17]. This drug was found too toxic 
towards liver and kidney. Due to some side effects emerging [18], 
suramin is considered second-line treatment for early-stage 
disease. These effects include diarrhea, headache, nausea, skin 
tingling, vomiting, and weakness.

Figure 2:  Synthetic derivatives and analogues of suramin 1.
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Some suramin derivatives and analogues have been 
synthesized and their biological roles have been evaluated. 
Representative examples include the replacement of the methyl 
groups of suramin by alkyl, aryl, fluorine, chlorine, methoxy, 
and methoxymethyl substituents (i.e., 2) as reported by 
Kassack, et al in 2005. [19] (Figure 2). They also synthesized a 
series of analogues (e.g., 3) of suramin [20]. These derivatives 
and analogues were tested at P2Y11, P2Y1, and P2Y2 receptors 
antagonist and their structure-activity relationship were 

illustrated. In 1998, Kreimeyer, et al. [21] described the 
synthesis and anti-HIV activity of suramin analogues bearing a 
2-phenylbenzimidazole moiety  (i.e., 4 in Figure 2). Compounds 
with a skeleton of that kind showed an increased rigidity. In 
1992, Mohan, et al. [22] synthesized several naphthalenedi- and 
trisulfonic acids (i.e., 5 in Figure 2) and evaluated these analogues 
of suramin for inhibitory potential against cytopathogenesis and 
purified recombinant human immunodeficiency virus type 1 
(HIV-1) and type 2 (HIV-2) reverse transcriptase.

Figure 3:  Synthetic scheme of suraminderivatives.

Bolongnesi et al. [23] designed and studied novel suramin 
derivatives. Through collaboration with synthetic chemists, 
they synthesized a modified suramin molecule 7 and presented 
the crystal structure analyses of NV-RdRps in complexes with 
a suramin fragment 6, and evaluated inhibitory parameters for 
five related compounds targeting mNV and hNV-RdRps (Figure 
3) [23]. In comparison with suramin (1) bearing six hydrophilic 
sulphonate groups, the new and symmetric compound 7 

containing four  sulphonate groups exhibits the same potency as 
suramin against NV-RdRps.

Some suramin derivatives and analogues obtained so far by 
chemical synthesis may not be more effective than the parent 
compound. Nevertheless, results from the study of their activities 
provide insight into the structural features that are of importance 
for inhibitory activities of the parent suramin molecule observed 
in vitro and in cell culture. 
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A logic approach for future synthetic works includes 
replacement of the essential moieties with various or even 
pharmacophores [24]. The possible variations of choices are 
listed in the Figure 4. The “head” of carbamide in suramin 
could be replaced by methylene, carbonyl, and carbonate 
joints. The “shoulders” of benzene rings with amide linkers 
could be replaced by benzyl, benzofuran, and indole nuclei. The 
“arms” of amidotoluene could be replaced by a thiazolidinone, 
thiazinanone, and thiobenzamide moieties. The “palms” of 
naphthalene rings could be replaced by a benzene, cyclohexane, 

and 1,3,5-triazine rings. The “fingers” of sulfonate groups could 
be replaced by methyl, methoxy, and amino groups. For example, 
the pharmacological components of suramin and its derivatives 
and analogues may allow binding against purinergic receptors 
without release. Accordingly, new compounds may serve as 
an antagonist of extracellular APT, and other nucleotides. The 
development of suramin derivatives and analogues offer a 
different and promising solution to the diseases faced by the 
current societies.

Figure 4:  Possible components for suramin analogues.
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