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Triterpenoids as lead compounds for the development of non-steroidal antiinflammatory drugs
（非ステロイド性抗炎症薬開発のためのリード化合物としてのトリテルペノイド）

Abstract of Thesis
Non-steroidal anti-inflammatory drugs (NSAIDs) that inhibit the activity of cyclooxygenase (COX)1 and -2 are one of the most common medications of inflammation in the world. Nevertheless, COX-1
inhibitors are claimed to exhibit side effects for patients. COX-2 inhibitors that have fewer side
effects have been developed; however, the therapeutic effects of COX inhibitors may be limited by the
conversion of arachidonic acid to leukotrienes that cause inflammation through the 5-lipoxygenase (5LOX) pathway. Therefore, newer drugs are expected to dually inhibit 5-LOX and COX-2 to enhance efficacy
against inflammation and reduce side effects. Triterpenoids are promising since they are active
principles having pharmacological activities. However, they also show hemolytic activity that is an
important indicator of the toxicity of natural compounds in drug designing. There has been an increasing
interest in natural triterpenoids comprising 6 isoprene units and 30 carbon atoms. In this study, I
focused on evaluating the in vitro hemolytic effects of plant-derived triterpenes of various skeletons
and their inhibitory activities against the four major anti-inflammatory targets of the arachidonic acid
cascade, deducing their structure-activity relationships (SARs), and through combinatorial biosynthesis
in yeast making a proof-of-concept of producing bioactivity-directed triterpenes.
I provided a baseline in terms of the toxicity of natural triterpenoids to red blood cells. The
majority of oleanane-type sapogenins had stronger hemolytic effects than those of the ursane and dammarane
types. The presence of polar regions on sapogenins, such as a carboxylic acid group at position 28, an
α-hydroxy group at position 16, and/or a β-hydroxy group at position 2, significantly enhanced
hemolysis. Meanwhile, the introduction of an α-hydroxy moiety at position 2, or a hydroxy moiety at
positions 23 or 24 was closely associated with reduced activity. My findings suggest that the skeleton
type, distribution of functional groups, and stereochemical configuration of substituents at different
positions of the aglycone are important factors that contribute to hemolytic activity, in addition to
the complexity of sugar moieties.
In addition, I evaluated the inhibitory effects of natural pentacyclic triterpenoids of two types
of structural skeletons against the four major enzymes involved in the inflammatory process: 5-LOX, 15LOX-2, COX-1 and COX-2. It was found that 3-O-acetyl-β-boswellic acid potently inhibited human 15-LOX2 (IC50 = 12.2 ± 0.47 μM). Analysis of the SAR studies revealed that the presence of a hydroxy group
at position 24 was beneficial in terms of both 5-LOX and COX-1 inhibition. Notably, the introduction of
a carboxylic acid group at position 30 was important for dual 5-LOX/COX inhibitory activity; furthermore,
its combination with a carbonyl group at C-11 considerably increased 5-LOX inhibition. Also, the presence
of an α-hydroxy group at C-2 or a carboxylic acid group at C-23 markedly suppressed the 5-LOX activity.
The present findings suggest that the types and configurations of polar moieties at positions C-2, -3,
-11, -24 and -30 are important structural aspects of pentacyclic triterpenes for their potential as
anti-inflammatory lead compounds.
From the important SAR studies described above, I used the combinatorial biosynthesis approach in
making a proof-of-concept of producing target structures that were predicted to exhibit the 5-LOX/COX
dual inhibitions and show no cytotoxicity to erythrocytes for drug candidate discovery. I could succeed
in producing two compounds of interest in yeast: arjunolic acid (6.2 mg L-1 yeast culture) that have
modifications on C-2α and C-23 and putative hyptatic acid A (4.0 mg L-1 yeast culture) that have
modifications on C-2α and C-24; all those modifications are closely related to reduced hemolytic effect
and potent inhibition on 5-LOX/COX. In addition, the putative hyptatic acid A was detected from the
roots of Nelumbo nucifera (Nelumbonaceae).
Overall, the present study revealed important structural aspects of natural triterpenoids of various
skeletons for their hemolytic effects and inhibitory activities against the four major enzymes involved
in the inflammatory process, which might be helpful for the design and synthesis of more potent
triterpenes that are non/less toxic to red blood cells. Guided by these SARs, together with the
availability of a number of biosynthetic enzymes, a plethora of high-value compounds will be produced
through combinatorial biosynthesis in heterologous yeast.

