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ABSTRACT: Magnolol and honokiol, main active 
compounds from the bark of Magnolia officinalis, 
have been found to have various pharmacological 
actions, including anti-oxidative, anti-inflammatory, 
anti-tumor, and anti-microbial properties, without 
appreciable toxicity. Recently, the anti-tumor activity 
of magnolol and honokiol has been extensively 
investigated. Magnolol and honokiol were found 
to possess anti-tumor activity by targeting the 
apoptosis pathways, which have been considered as 
targets for cancer therapies. This review will focus 
on the mechanisms by which magnolol and honokiol 
act on apoptosis pathways in cancer that have been 
characterized thus far, including the death receptor-
mediated pathway, mitochondria-mediated pathway, 
caspase-mediated common pathway, and regulation 
of apoptosis-related proteins. These breakthrough 
findings may have important implications for 
targeted cancer therapy and modern applications of 
traditional Chinese medicine.

Keywords: Anti-tumor activity, apoptosis pathways, 
honokiol, magnolol, Magnolia officinalis

1. Introduction

Apoptosis is a normal physiological process that 
plays an important role in many normal functions 
ranging from embryonic development to adult tissue 
homeostasis (1). Defects in apoptosis are common 
phenomena in many types of cancer and are also the 
critical step in tumorigenesis and resistance to therapy 

(2). Thus, apoptotic pathways have been considered as 
targets for cancer therapies (3).
 Traditional Chinese medicine (TCM) has held and 
still holds an important position in primary health care 
in China and has recently been recognized by Western 
countries as a fertile source of novel lead molecules as 
part of modern drug discovery. Although TCM has been 
used for thousands of years in China, its mechanisms 
of healing at the molecular level are still largely 
unknown. To better understand the therapeutic action of 
TCM, considerable efforts have been made to identify 
the principal constituents of TCM and to unravel the 
molecular mechanisms behind the efficacy observed 
(4). Over the last two decades, more and more bioactive 
compounds have been identified from TCM herbs. 
Magnolol and honokiol, main active compounds from 
the bark of Magnolia officinalis (Cortex Magnoliae 
Officinalis), have been found to possess anti-tumor 
activity by inducing apoptosis in cancer (5). This review 
will focus on the mechanisms by which magnolol and 
honokiol act on apoptosis pathways in cancer that have 
been characterized thus far. Due to space limitations, 
only key studies are cited.

2. Magnolol and honokiol

The Chinese herb Magnolia officinalis is widely used 
as a folk remedy for gastrointestinal disorders, cough, 
anxiety, and allergic diseases as an oriental medicine in 
South Korea, China, and Japan (6). Magnolia bark is 
rich in two biphenol compounds, magnolol (5,5'-diallyi-
2,2'-dihydroxybiphenyl, C18H18O2) and honokiol 
(3,5'-diallyl-4,2'-dihydroxybiphenyl, C18H18O2), that 
have been extensively investigated (7,8). The structures 
of magnolol and honokiol are shown in Figure 1. The 
magnolol content of magnolia bark is generally in the 
range of 2-10 percent, while honokiol tends to occur 
naturally at 1-5 percent in dried magnolia bark (9). The 
potent activity of honokiol and magnolol appears to be 
due to the presence of hydroxyl and allylic groups on a 
biphenolic moiety (10).

Review DOI: 10.5582/ddt.2011.v5.5.202
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 Magnolol, a hydroxylated biphenyl compound 
isolated from the stem bark of Magnolia officinalis, 
is commonly used to treat acute pain, cough, anxiety, 
and gastrointestinal disorders in East Asia (11). 
Various pharmacological actions have been reported 
for magnolol, including anti-inflammatory activity, 
antimicrobial activity (12), antiperoxidative activity 
(13), anti-coagulatory activity, anti-oxidant activity 
(14), neuroprotective activity (15), antitumor action 
(16-18), alleviation of inflammatory pain (19), and 
protection of cortical neuronal cells from chemical 
hypoxia (20).
 Honokiol, a magnolol isomer, differs in the relative 
arrangement of one of its hydroxyl groups with respect 
to allyl groups in the phenolic ring (21) and is the 
most important bioactive constituent within magnolia 
bark studied thus far. Honokiol has also been found to 
have a variety of pharmacological action, such as anti-
infl ammatory action (22), antithrombotic activity (23), 
anti-arrhythmic activity (24), neuroprotective activity 
(15), antioxidative action (25), and anxiolytic action 
(26). Numerous animal studies have also demonstrated 
that honokiol acts as an anti-stress agent and a potent 
suppressor of oxidative damage and cancer (27). 
 Recently, magnolol and honokiol have been reported 
to have antitumor action by inhibiting proliferation, 
inducing apoptosis and differentiation, countering 
metastasis, suppressing angiogenesis, and reversing 
multidrug resistance (10,28,29). Numerous signaling 
pathways have been implicated in the regulation of 
apoptosis by magnolol and honokiol (30).

3. Targeting apoptosis pathways in cancer with 
magnolol and honokiol

Apoptosis occurs through two main pathways (31,32). 
The fi rst, referred to as the extrinsic or death receptor 
pathway, involves ligation of death receptors (e.g. 

Fas (CD95), tumor necrosis factor receptors (TNFR), 
and TNF-related apoptosis-inducing ligand (TRAIL) 
receptors) with their ligands resulting in a sequential 
activation of caspase-8 and -3. The second pathway 
is the intrinsic or mitochondrial pathway in which 
intrinsic death stimuli (e.g. reactive oxygen species 
(ROS), DNA-damaging reagents, and Ca2+ mobilizing 
stimuli), directly or indirectly activate the mitochondrial 
pathway, resulting in the release of cytochrome c and 
the formation of the apoptosome complex consisting 
of cytochrome c, Apaf-1, and caspase-9 (Figure 2). 
Caspase-9 is activated at the apoptosome and in turn 
activates caspase-3. Between the death receptor and the 
mitochondrial signaling pathways, the pro-apoptotic 
protein Bid serves as a cross-talker upon cleavage 
by activated caspase-8 by inducing the translocation 
of the pro-apoptotic proteins Bax and/or Bak to the 
mitochondrial membrane (33). Both pathways converge 
to a final common pathway involved in the activation 
of a cascade of proteases called caspases that cleave 
regulatory and structural molecules, culminating in the 
deaths of cells (Figure 2). Although understanding of 
the detailed signaling pathways that trigger apoptosis 
is incomplete, this process is controlled by a number of 
complex proteins that are activated by various triggers 
and arranged in sequential signaling modules. In the 
receptor-mediated pathway, FLICE-inhibitory protein 
(c-FLIP) and XIAP negatively regulate the activity of 
caspase-8 and caspase-3, respectively (31,32). In the 
mitochondria pathway, apoptosis is largely controlled 
by the pro-apoptotic proteins, e.g. Bax, Bak, Bid, and 
Smac, and the anti-apoptotic proteins, e.g. Bcl-2, Bcl-
xL, Mcl-1, and XIAP (3). 
 Many studies have shown that magnolol and 
honokiol induce the apoptosis of various tumor cells. 
Magnolol induces the apoptosis of many human cancer 
cell lines, including lung squamous cancer CH-27 cells, 
HL-60 cells, colon cancer COLO 205 cells, and liver 
cancer HepG2 cells (34-38), but does not induce the 
apoptosis of bovine aorta endothelial BAE cells (38) or 
polymorphonuclear and mononuclear leukocytes (35). 
Honokiol induces the apoptosis of human lymphoid 
leukemia Molt 4B cells, CH27 cells, B-CLL cells, 
and RKO cells in a time- and dose-dependent manner 
(5,34,39,40). In addition, honokiol has a more obvious 
apoptosis-inducing effect on B-CLL cells than on 
normal mononuclear leukocytes (40). In vivo, honokiol 
was highly effective against SVR angiosarcoma (41) 
and breast cancer in nude mice (42) and in a human 
A549 lung cancer xenograft model (43) with the 
increased induction of apoptosis.
 This review will focus on the mechanisms by which 
magnolol and honokiol act on apoptosis pathways in 
cancer that have been characterized thus far, including 
the death receptor-mediated pathway, mitochondria-
mediated pathway, caspase-mediated common pathway, 
and regulation of apoptosis-related proteins.

203

Figure 1. The chemical structures of (A) magnolol and (B) 
honokiol.
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apoptosis (44). Activation of the death receptor-
mediated apoptotic pathway is primarily inhibited by 
cellular c-FLIP, which inhibits caspase-8 activation 
by preventing recruitment of caspase-8 to the death-
inducing signaling complex. In some cells, the activation 
of caspase 8 may be the only requirement for death 
to ensue, while in other cell types caspase 8 interacts 
with the intrinsic apoptotic pathway by cleaving Bid (a 
proapoptotic member of the Bcl-2 family), leading to 
the subsequent release of cytochrome c (45).

3.1. Targeting cancer cells by death receptor-mediated 
apoptosis

Fas, TRAIL, and TNF receptors are highly specific 
physiological mediators of the extrinsic signaling 
pathway of apoptosis. Cross-linking of death receptors 
either with their natural ligands (e.g. FasL, TRAIL, 
and TNF-α) or with agonistic antibodies (such as anti-
APO-1) induces a sequential activation of caspase-8 
and -3, which cleaves target proteins and leads to 

Figure 2. Effects of magnolol (M) and honokiol (H) on extrinsic (also called receptor-mediated) and intrinsic (also called 
mitochondria-mediated) apoptosis pathways in cancer. The extrinsic pathway involves ligation of death receptors with their 
ligands, resulting in a sequential activation of caspase-8 and -3. Intrinsic death stimuli, e.g. ROS, DNA-damaging reagents, or 
Ca2+ mobilization directly or indirectly activates the mitochondrial pathway by inducing release of cytochrome c and formation 
of the apoptosome, which consists of Apaf-1 and caspase-9. Caspase-9 is activated at the apoptosome and in turn activates pro-
caspase-3. 
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 Studies have shown that activation of the Fas-
mediated pathway did not always result in magnolol-
induced  apoptos i s .  In  response  to  magnolo l 
administration, Fas was activated and cytochrome 
c  was  t ranslocated f rom mitochondria  to  the 
cytoplasm through elevation of the cytosolic free Ca2+ 
concentration and downregulation of Bcl-2. Caspase-8 
was activated by Fas activation, whereas caspase-9 was 
activated by cytochrome c release (46). Pretreating cells 
with ZB4 (which disrupts the Fas response mechanism) 
also decreased subsequent magnolol-induced caspase-8 
activation and reduced the occurrence of apoptosis (46). 
Whether magnolol activates Fas directly or it promotes 
the action of a Fas ligand that in turn activates Fas 
remains to be determined.
 Honokiol down-regulated c-FLIP in cancer cells, 
resulting in sensitization of cancer cells to both TRAIL-
mediated and Fas ligand-mediated apoptosis (47). 
Honokiol alone moderately inhibited the growth of 
human lung cancer cells; when combined with TRAIL, 
however, honokiol had a greater impact on decreasing 
cell survival and inducing apoptosis than did TRAIL 
alone, indicating that honokiol cooperates with TRAIL 
to enhance apoptosis. This was also true for Fas-
induced apoptosis when it was combined with a Fas 
ligand or an agonistic anti-Fas antibody. Of several 
apoptosis-associated proteins tested, c-FLIP was the 
only one that was rapidly down-regulated by honokiol 
in all of the cell lines tested (47). These results indicate 
that c-FLIP down-regulation is a key step in honokiol's 
modulation of death receptor-induced apoptosis.

3.2. Targeting cancer cells by mitochondria-mediated 
apoptosis 

The effects of magnolol on the intrinsic pathway of 
apoptosis have been examined in many cell lines, 
including human leukemia U937 cells (48), human 
hepatoma Hep G2 and colon cancer COLO 205 cells 
(46), and rat vascular smooth muscle cells (VSMCs) 
(49). Magnolol increased caspase-3 and caspase-9 
activity significantly and reduced the mitochondrial 
potential (ΔΨm) in these cells. Treatment with 
magnolol was found to partly inhibit growth by 
inducing apoptosis in cultured human leukemia 
U937 cells and apoptosis was found to be induced 
via the sequential ordering of molecular events. 
Thus, magnolol-induced apoptosis is mediated 
via the intrinsic pathway with release of AIF from 
mitochondria in U937 cells (48). Lin SY, et al. showed 
that treatment with magnolol induced apoptosis 
by increasing translocation of cytochrome c from 
mitochondria to cytosol and activation of caspase-3, 
-8, and -9 in cultured Hep G2 and COLO 205 cell 
lines (46). In addition, Huang SH, et al. showed 
that magnolol initiated apoptosis via cytochrome c/
caspase-3/PARP/AIF and PTEN/Akt/caspase-9/PARP 
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pathways and necrosis via PARP activation (50). 
 Similar results were found in honokiol-treated cells. 
Honokiol treatment caused the release of mitochondrial 
cytochrome c to cytosol and sequential activation of 
caspases in human squamous lung cancer CH27 cells 
(51). Honokiol also induced release of mitochondrial 
proapoptotic protein AIF to the cytosol in human 
multiple myeloma (MM) cells (52). The current review 
has mainly focused on induction of mitochondria-
mediated apoptosis via reactive oxygen species (ROS)-
mediated and Ca2+-mediated mechanisms of magnolol 
and honokiol. 

3.2.1. ROS-mediated mechanisms

ROS, including free radicals such as superoxide (•O2
–), 

hydroxyl radicals (•OH), and the non-radical H2O2, are 
generated through multiple sources in the cells (53). 
Tumors, and particularly those in advanced stages, 
produce elevated levels of ROS and have an altered 
redox status. ROS and mitochondria play an important 
role in apoptosis induction under both physiological and 
pathological conditions (54). Interestingly, mitochondria 
are both sources and targets of ROS. Cytochrome c 
release from mitochondria, which triggers caspase 
activation, appears to be largely mediated by direct 
or indirect ROS action (55). High levels of ROS 
may cause the oxidative damage of various cellular 
components and fi nally result in cell apoptosis.
 Magnolol has been shown to attenuate oxidized low-
density lipoprotein (oxLDL)-induced ROS generation, 
subsequently reducing nuclear factor-kappaB (NF-
κB) activation (56). Magnolol also inhibited UV-
induced mutations by scavenging •OH generated by UV 
irradiation (57). The attenuation of ROS by magnolol 
has been proposed as a reason for its inhibitory effect 
on neutrophil adherence to the extracellular matrix 
during injury (58). 
 Honokiol was also found to be a potent scavenger 
of hydroxyl radicals, which is likely due to its allyl 
groups (22,59). The ortho allyl group may potentially 
form a six-member ring after absorption of a hydroxyl 
group. This may account for its superior antioxidant 
activity when compared to magnolol, which has two 
allyl groups with hydroxyl groups in the para position 
and thus cannot form a six-member ring. Honokiol-
induced apoptosis has been closely associated with 
ROS production. Inhibition of reactive oxygen-driven 
tumors by honokiol is due to its involvement in the 
NADPH oxidase (NOX) pathway (22). This inhibition 
was fi rst demonstrated in neutrophils (22) and later in 
hepatocytes (60) and human umbilical vein endothelial 
cells (HUVECs) (22). A possible chemical mechanism 
for this involves a peroxide intermediate followed by 
the phenolic hydroxyl group attacking the peroxide 
carbon chain, yielding a pentose or hexose ring and 
water. 
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3.2.2. Ca2+-mediated mechanisms

Ca2+ signals are known to play an important role in the 
regulation of cell death and survival (61). One known 
Ca2+-regulated Bcl-2-associated pro-apoptotic protein 
is Bad. In non-apoptotic cells, Bad is phosphorylated 
and sequestered by the cytosolic protein 14-3-3, 
avoiding its hetero-dimerization with Bcl-2 and Bcl-xL 
at the mitochondrial membrane. In the presence of an 
apoptotic stimulus (e.g. Ca2+), Bad is dephosphorylated 
by Ca2+/calmodulin-dependent phosphatase calcineurin, 
leading to dissociation from its inhibitor 14-3-3 and 
promoting apoptosis (62). Since mitochondria are the 
major organelles that take up Ca2+, Ca2+ over-loading 
of the mitochondria may also directly lead to release of 
cytochrome c as part of a stress response.
 Lin SY, et al. showed that treatment with 100 μM 
of magnolol increased cytosolic free Ca2+, resulting 
in induced apoptosis in cultured human Hep G2 and 
COLO 205 cell lines but not in human untransformed 
gingival fibroblasts and human umbilical vein 
endothelial cells (46). In rat neutrophils, magnolol 
increased [Ca2+]i by stimulating Ca2+ release from 
internal stores and Ca2+ influx across the plasma 
membrane in a concentration-dependent manner via 
the inositol trisphosphate signalling pathway (63). 
Magnolol relaxed vascular smooth muscle by releasing 
endothelium-derived relaxing factor (EDRF) and by 
inhibiting calcium infl ux through voltage-gated calcium 
channels (64). Magnolol also increased the probability 
of these channels opening in a concentration-dependent 
manner, independent of internal Ca2+, in tracheal 
smooth muscle cells (65). 

3.3. Targeting cancer cells by caspase-mediated 
apoptosis

The caspases are a family of proteins that are one of 
the main executors of the apoptotic process. As of 
November 2009, twelve caspases have been identifi ed 
in humans (66). There are two types of apoptotic 
caspases: initiator (apical) caspases (caspase-2, -8, -9, 
and -10) and effector (executioner) caspases (caspase-3, 
-6, and -7). Initiator caspases cleave inactive pro-forms 
of effector caspases, thereby activating them. Effector 
caspases in turn cleave other protein substrates within 
the cell, triggering the apoptotic process. 
 Activation of caspase-3, -8, -9, and -2, and the 
proteolytic cleavage of poly(adenosine diphosphate-
ribose) polymerase (PARP) were noted during apoptosis 
induced by magnolol (46). Pretreatment with Z-Val-
Ala-Asp-fluoromethyl ketone (Z-VAD-FMK), a pan-
caspase inhibitor, markedly inhibited magnolol-induced 
cell death but did not prevent cytosolic cytochrome c 
accumulation. Apoptosis may be partially attenuated by 
caspase-3 and -2 inhibitors. These results indicate that 
magnolol-induced apoptotic signaling was carried out 

through mitochondrial alterations to caspase-9 and that 
the downstream effector caspases were then activated 
sequentially (35). 
 Honokiol-induced apoptosis is characterized by 
the activation of caspase-3, -8, and -9 and cleavage of 
PARP (48). Honokiol induced caspase-dependent cell 
death in all of the B-CLL cells examined and was more 
toxic toward B-CLL cells than to normal mononuclear 
cells, suggesting that malignant cells were more 
susceptible. Although activation of caspase-3, -8, and 
-9 is triggered by honokiol, the pan-caspase inhibitor 
Z-VAD-FMK does not abrogate honokiol-induced 
apoptosis (52). Importantly, honokiol treatment induces 
the release of an executioner of caspase-independent 
apoptosis, AIF, from mitochondria. Honokiol also 
induced apoptosis in the SU-DHL4 cell line, which 
has low levels of caspase-3 and -8 (52). These results 
suggest that honokiol induced apoptosis via both 
caspase-dependent and -independent pathways.

3.4. Targeting cancer cells by regulating apoptosis-
related proteins

Treatment with magnolol significantly increased the 
expression of Bad and Bcl-x(S) proteins, whereas it 
decreased the expression of Bcl-x(L) (67). Magnolol 
t reatment  also caused a decrease in Ser(136) 
phosphorylation of Bad, which is a downstream target 
of Akt, and translocation of Bax to the mitochondrial 
membrane. Similar results were observed in the human 
colon cancer HCT116Bax(+/-) cell line but not in the 
HCT116Bax(-/-) cell line. In addition, apoptotic cell 
death due to magnolol was found to be associated with 
signifi cant inhibition of pEGFR, pPI3K, and pAkt (67).
 Honokiol-induced apoptosis correlated with 
induction of Bax, Bak, and Bad and a decrease in Bcl-
xL and Mcl-1 protein levels. Transient transfection of 
PC-3 cells with Bak- and Bax-targeted siRNAs and Bcl-
xL plasmid conferred partial yet signifi cant protection 
against honokiol-induced apoptosis (68). Another 
study showed that honokiol caused cleavage of Mcl-1 
and downregulation of XIAP while Bad was markedly 
upregulated; Bid, p-Bad, Bak, Bax, Bcl-2, and Bcl-xL 
were unchanged (52). Honokiol also induced release of 
mitochondrial proapoptotic protein AIF to the cytosol 
and prevented phosphorylation of Akt, Stat-3, and Erk2, 
again implying an upstream target of action (52,69).
 The effects of magnolol and honokiol on two 
important apoptosis-related proteins, p53 and NF-κB, 
have been summarized below.

3.4.1. p53

Loss of function of the p53 tumor suppressor gene 
is a frequent and important event in the genesis or 
progression of many human malignancies. In many 
tumor cells, wild-type p53 is thought to participate 
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in apoptosis in response to DNA damage (70). P53 
may transactivate apoptotic regulators, such as Bcl-2 
(49,71-74) and Bax (75-77). Recent studies have shown 
that p53 plays a role in apoptosis by the mitochondria-
mediated apoptotic pathway (74,78). Activation of p53 
upregulates Bax, increases the ratio of Bax:Bcl-2, and 
releases cytochrome c and other polypeptides from 
the intermembrane space of mitochondria into the 
cytoplasm (76). p53-dependent apoptosis was activated 
by the Bax/mitochondrial/caspase-9 pathway.
 Honokiol has been found to prevent the growth of 
MDA-MB-231 breast cancer cells in murine xenografts 
(79). An interesting finding is that MDA-MB-231 
cells display mutant p53 and mutant K-ras, which is 
preferentially observed in the triple-negative breast 
cancer phenotype (79,80). In the same study, honokiol 
had less activity on the MCF7 breast cancer cell line, 
which exhibited wild-type p53 and loss of p16ink4a. 
Given that SVR cells have defects in p53 signaling 
because of expression of SV40 large T and that 
MDA-MB-231 cells also express mutant p53, tumors 
that have defects in p53 signaling may be targets of 
honokiol. Similarly, honokiol caused apoptosis in 
other solid-tumor cell lines that feature mutant p53 and 
ras activation, including lung and bladder cell lines 
(81). Thus, honokiol appears to have distinct activity 
against tumors with mutant p53, through its inhibition 
of ras-phospholipase D activation, and tumors with 
wild-type p53, through its induction of cyclophilin D. 
However, Wang T, et al. showed that honokiol induced 
RKO cell apoptosis by activating the caspase cascade 
via a p53-indepenent pathway (82). Hahm ER, et al. 
also showed that exposure of human prostate cancer 
cells (PC-3, LNCaP, and C4-2) to honokiol resulted in 
apoptotic DNA fragmentation in a concentration- and 
time-dependent manner, irrespective of their androgen 
responsiveness or p53 status (68).

3.4.2. NF-κB

The NF-κB pathway is one of the most important 
cellular signal transduction pathways involved in 
immunity, inflammation, proliferation, and defense 
against apoptosis (83). NF-κB is generally considered 
to be a survival factor that activates expression of 
various anti-apoptotic genes, e.g. Bcl-2, Bcl-xL, 
Mcl-1 and c-FLIP, that block apoptosis (83,84). The 
classic form of NF-κB is the p65/p50 heterodimer that 
contains the transcriptional activation domain and is 
sequestered in the cytoplasm as an inactive complex by 
IκB. Acute stimuli such as TNF-α, LPS or PMA lead 
to the activation of IκB kinases (IKK), which in turn 
phosphorylate Ser32 and Ser36 within the N-terminal 
response domain of IκB. Phosphorylated IκB undergoes 
ubiquitination-dependent proteolysis and the release of 
IκB unmasks the nuclear localization signal and results 
in the translocation of NF-κB to the nucleus, followed 

by the activation of specifi c target genes.
 Both magnolol and honokiol have been shown to 
inhibit the NF-κB signaling pathway. In a previous 
study, magnolol was shown to reduce the nuclear NF-
κB content in TNF-α-stimulated endothelial cells 
(85). However, their mechanisms of action are poorly 
understood. Chen YH, et al. demonstrated that magnolol 
suppressed IKK activity, stabilized cytoplasmic IκBα, 
and subsequently reduced the nuclear translocation 
and phosphorylation of the p65 subunit of NF-κB (86). 
Magnolol also inhibited NF-κB-dependent reporter 
gene expression induced by TNF-α and it inhibited 
over-expression of NIK, IKK, and the p65 subunit 
while it enhanced TNF-α-mediated apoptosis. In human 
U937 promonocytes cells, magnolol inhibited the 
TNF-α-stimulated phosphorylation and degradation 
of the cytosolic NF-κB inhibitor IκBα and did so in a 
dose-dependent manner (87). In addition, magnolol 
differentially down-regulated the expression of NF-κB-
regulated inflammatory gene products, e.g. MMP-9, 
IL-8, MCP-1, MIP-1α, and TNF-α. The involvement 
of IKK was further verified in a HeLa cell NF-κB-
dependent luciferase reporter system (87). 
 Honokiol affected NF-κB signaling, but not 
through a direct effect on NF-κB DNA binding (88). 
Honokiol inhibited TNF-induced NF-κB activation 
and IkBα phosphorylation and degradation through 
its inhibition of the activation of IκBα kinase and Akt. 
Honokiol also inhibited NF-κB-dependent reporter 
gene expression induced by TNFR1, TRADD, TRAF, 
NIK, and IKKβ (88). Consistent with honokiol's 
effect on NF-κB, honokiol decreased levels of NF-
κB target genes, including IAP1, IAP2, Bcl-xL, Bcl-2, 
cFLIP, TRAF1, and survivin (88). NF-κB and NF-κB-
regulated gene expression inhibited by honokiol can 
thus enhance apoptosis. Honokiol also down-regulated 
NF-κB activation in an in vivo mouse dorsal skin 
model. Another study showed that honokiol blocked 
the production of TNF-α, MCP-1, interleukin-8, and 
ICAM-1 and was found to act at the level of IKK or 
upstream of IKK, indicating a possible mechanism of 
its anti-tumor action (89).

4. Summary

In recent years, various biologically active constituents 
have been isolated from TCM and have been found to 
have varied activity in experimental studies. Honokiol 
and magnolol have been found to have anti-oxidative, 
anti-inflammatory, anti-tumor, and anti-microbial 
properties in preclinical models. Their safety during 
long-term administration, combined with their cost 
and future therapeutic potential, makes them ideal 
therapeutic agents (90). In addition, magnolol and 
honokiol are small molecular weight natural products 
that are orally bioavailable and able to cross the blood-
brain barrier. Clinical trials are needed to fully realize 
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the potential of honokiol and magnolol as effective 
antitumor drugs. Honokiol and magnolol analogues 
with improved pharmacokinetic and pharmacodynamics 
will also encourage further advances. 
 Many studies have shown that both magnolol 
and honokiol induce apoptosis of many types of 
cancer cells, though those studies describe different 
mechanisms of action. Moreover, investigation of how 
they specifi cally induce apoptosis in cancers and spare 
normal cells will provide new clues to help identify 
more effi cient drugs and to develop apoptosis-targeting 
therapies.
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ABSTRACT: Pseudo-allergic reactions may result 
from the activation of inflammatory or anaphylactic 
mechanisms independent of antigen-specific immune 
responses. Recent statistics show that pseudo-allergic 
reactions may represent as high as two thirds of all 
immediate hypersensitivity reactions, implying a 
great amount of morbidity and numerous health 
care costs. In this review, we concentrate on agents 
mediating pseudo-allergic reactions and evaluate 
accurately the available information on their modes 
of action. The agents discussed here are divided into 
three types: (i) Direct mast cell activators, which may 
activate mast cells in an IgE-independent manner, 
such as opioid drugs, basic secretagogues and calcium 
ionophore A23187; (ii) Complement activators, 
including liposomes, radiocontrast media and 
Cremophor EL, which may activate the complement 
system by different pathways: the classical pathway, 
the mannose-binding lectin pathway or the alternative 
pathway; (iii) Nonsteroidal anti-inflammatory drugs, 
which may inhibit the function of cyclooxygenase-1, 
resulting in the occurrence of adverse reactions. In 
addition, nonclinical detection methods of pseudo-
allergic reactions are also reviewed in order to supply 
valuable information for clinical diagnosis.

Keywords: Pseudo-allergic reaction, anaphylaxis, mast 
cell, complement, nonsteroidal anti-inflammatory drugs

1. Introduction

Hypersensitivity reactions have been classified into 
four types from I to IV by Coombs and Gell in 1963 
(1). With further studies of adverse drug reactions, a 
new type of hypersensitivity reaction has increasingly 
been recognized (2), which is an acute, potentially fatal, 
systemic hypersensitivity reaction arising via a non-IgE-

dependent mechanism. The reaction occurs at the first 
contact with the drug without prior sensitization, and 
does not increase upon repeated exposure. Because of its 
similarity to a type I allergy in clinical symptoms (Table 
1), it has long been termed a pseudo-allergic reaction. 
In 2001, the European Academy of Allergology and 
Clinical Immunology (EAACI) proposed to use the term 
''nonallergic anaphylaxis'' instead of ''pseudo-allergic 
reaction'' when immunologic mechanisms cannot be 
proven (3,4). However, the reactions discussed here have 
several causes, including but not limited to complement 
activation, which belong to antigen-independent immune 
responses. In addition, the term ''pseudo-allergic reaction'' 
was still used in the paper ''Guidance for Industry: 
Immunotoxicology evaluation of investigational new 
drugs'' published by FDA in 2002 (5). Therefore, we use 
the term ''pseudo-allergic reaction'' here.
 Pseudo-allergic reactions can be attributed to the 
activation of infl ammatory or anaphylactic mechanisms 
unrelated to antigen-specific immune responses (5). 
These reactions may be induced by the following agents: 
direct mast cell activators, complement activators 
and nonsteroidal anti-inflammatory drugs. A series 
of physiological and pathological reactions can be 
induced by these agents in human bodies resulting in the 
appearance of symptoms of pseudo-allergic reactions 
such as nausea, dermatitis, hypotension, anaphylactic 
shock and even death (Table 1).
 It has been indicated that more than 30% of 
adverse drug reactions are immediate hypersensitivity 
reactions (6), and as high as two thirds of all immediate 
hypersensitivity reactions may be pseudo-allergic 
reactions (7), implying a great deal of morbidity and 
numerous health care costs every year (8). Owing to the 
lack of systematic study of the pathogenesis of these 
reactions, and the dearth of universal agreement on their 
diagnostic criteria, the epidemiology, pathophysiology, 
and management of these reactions are greatly inhibited, 
resulting in a failure to diagnose and treat pseudo-
allergic reactions in a consistent manner (9). Therefore, 
the aim of this review is to introduce the possible causes 
of pseudo-allergic reactions, based on agents of known 
structures that are capable of mediating the reactions. 
Nonclinical detection methods of pseudo-allergic 
reactions are also reviewed and discussed.

Review DOI: 10.5582/ddt.2011.v5.5.211
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2. Pseudo-allergic reaction caused by direct mast cell 
activators

Mast cells can be activated via several different 
mechanisms, among which is the classical pathway 
known as IgE-mediated mast cell activation, which is 
triggered by the cross-linking of FcεR1 receptors with 
antigen-specifi c IgE (10). Mast cell activation can also 
be completed in an IgE-independent manner using 
commercially available activators, such as opioid drugs, 
basic secretagogues, and calcium ionophores.
 Upon activation, the degranulation reactions of 
mast cells are induced: (i) Performed mediators stored 

in granules are released, including histamine, tryptase, 
heparin and serotonin, which are responsible for most 
of acute effects of mast cells (11-14); (ii) Lipid-derived 
mediators are newly synthesized, such as prostaglandin 
D2 (PGD2), leukotriene C4 (LTC4) and platelet-
activating factor (PAF), which mediate other relatively 
subacute functions of mast cells (15-17); (iii) Cytokines 
and chemokines (18) (Figure 1).

2.1. By opioid drugs

Opioid drugs have been widely used for the treatment 
of pain for thousands of years. Since they are such 
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Figure 1. Pathways and mediators of anaphylaxis and pseudo-allergic reaction. Mast cells play a signifi cant role in allergic 
and pseudo-allergic reactions. Activation of mast cells can be mediated both in an IgE dependent and independent manner, 
resulting in the release of preformed mediators such as histamine and tryptase, mediators newly synthesed such as PLD2, 
LTC4 and PAF, as well as cytokines and chemokines. G proteins are involved in the activation of mast cells induced by basic 
compounds and peptides. Mast cells can also be activated via the complement activation pathways.

System

Respiratory
Gastrointestinal
Cardiovascular
Neuromuscular
Skin and mucosa
Severe adverse reactions

Table 1. Symptoms of pseudo-allergic reactions

Potential symptoms and signs

Sneezing, coughing, asthma attack, bronchospasm, choking, rhinitis, tachypnea, stridor
Vomiting, nausea, abdominal pain, diarrhea
Angioedema, hypertension, angina pectoris, ventricular tachycardia, arrhythmias, cardiac arrest
Chills, confusion, muscle pain
Rash, cyanosis, dermatitis, erythema, pruritus, skin eruptions, urticaria, conjunctivitis
Anaphylactic shock, death
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the mechanism of anaphylaxis (32). Activation of mast 
cells induced by compound 48/80 is reported to be 
associated with phospholipase D and heterotrimeric 
GTP-binding proteins (33). Besides, compound 48/80 
can activate trimeric G proteins, and mainly those of 
the Gi or Go categories (34,35).
 It is well-known that mast cells and basophils are 
both significant participants in allergic diseases, but 
the effect of compound 48/80 on basophils is less 
certain. Degranulation of basophils has been studied 
both in vivo and in vitro after exposure to compound 
48/80. Shelley and Juhlin observed degranulation of 
normal human basophil leucocytes in the presence of 
the compound (36), while Haye et al. were unable to 
confirm that result with basophils from eight patients 
with non-allergic urticaria (37). Marks et al. failed to 
demonstrate such in vivo degranulation in cockerels and 
rabbits, either (38).
 Substance P (SP), an 11-amino acid peptide member 
of the tachykinin family, plays a significant role in 
immunological and inflammatory states, and is a 
mediator of asthma, tissue injury, arthritis, allergy and 
autoimmune diseases (39). Neuropeptide SP has been 
shown to trigger activation of mast cells and results 
in selective secretion of abundant mediators, such 
as cytokines and chemokines (40). The mechanism 
involved may be that SP can directly activate pertussis 
toxin (PTX)-sensitive G proteins (such as Gi2 and 
Gi3) in mast cells, mobilizating phospholipase Cb that 
causes exocytosis, and stimulating phosphatidylinositol 
3-kinase that induces synthesis and release of 
arachidonic acid metabolites (41). What's more, it has 
been established that mast cell activation induced by 
SP proceeds through the neurokinin-1 receptor (NK1R) 
of G proteins (42), which mediates the main biological 
effects of SP. SP has also been shown to induce NK-1 
receptor-independent activation of mast cells, which is 
associated with activation of the MrgX2 receptor (43), 
a member of the G protein-coupled receptor (GPCR) 
family (44).

2.3. By calcium

Calcium is known as a key second messenger in 
immunologic responses and degranulation processes 
of mast cells and basophils (45,46). The regulation 
of cytoplasmic calcium levels on mast cell secretory 
act ivi ty  requires  the introduct ion of  calcium 
ionophores. For example, calcium ionophore A23187, 
a mobile-carrier of divalent cations such as Ca2+, 
Mg2+, and double H+ (47,48), can reduce the level of 
Ca2+ stored in mitochondria or increase the inflow 
from the extracellular medium (49,50), resulting in 
the elevation of the cytosolic Ca2+, which can induce 
mast cell exocytosis and release of histamine. The 
mechanism involved in the role of calcium ionophore 
A23187 may be based on the two following aspects: 

commonly used drugs, adverse reactions are a concern. 
For example, morphine, codeine, and meperidine 
hydrochloride have been reported to induce mild 
pseudo-allergic reactions via the direct activation 
of mast cells (19,20). Moreover, some endogenous 
opioid peptides such as dynorphin, [D-Ala2-D-Leu5] 
enkephalin, β-endorphin, and morphiceptin have also 
been demonstrated to induce activation of skin mast 
cells (21).
 It has been established that pseudo-allergic reactions 
caused by opioid drugs result from activation of opioid 
receptors present on mast cells (21,22). Moreover, 
opioid receptor activation has been proved to be 
associated with phospholipase C linked transduction 
mechanisms (23). Furthermore, one of the main 
mechanisms of mast cell degranulation has been shown 
to be activation of phospholipase C-linked pathways 
(24). As a result, we can assume that activation of mast 
cells induced by opioid drugs may be attributed to a 
phospholipase C-linked mechanism.

2.2. By basic secretagogues

Mast cells can be activated directly by a lot of 
polycationic molecules collectively known as the basic 
secretagogues, including naturally occurring polyamines 
such as hymenoptera venoms, various amines such as 
compound 48/80, and positively charged neuropeptides 
such as substance P (25).
 Hymenoptera venoms are complicated mixtures 
of pharmacologically and biochemically active 
compounds such as peptides, proteins and biogenic 
amines, which may induce severe pain, local tissue 
damage and even death. Mastoparan, obtained 
from wasp venom, is an amidated tetradecapeptide  
responsible for the activation of mast cells and the 
release of histamine (26). The regulatory mechanism of 
mastoparans may be associated with the modulation of 
proteins including phospholipase A2 and phospholipase 
C (27,28). Moreover, some mastoparans are reported to 
bind G-protein coupled receptors (GPCRs), resulting 
in activation of mast cells (29,30). [Lys10, Leu13] 
mastoparan, another tetradecapeptide from wasp 
venom toxin, has been found to have the same mast 
cell activation role as mastoparan, and it is a much 
better tool for study of the mechanism of mast cell 
degranulation and intracellular signal transmission (26). 
What is more, it has been discovered recently that two 
novel mastoparan peptides (Polybia-MP-II and -III) 
from the venom of the neotropical social wasp Polybia 
paulista can also trigger activation of mast cells (31).
 Compound 48/80, a condensation product of 
phenethylamine cross-linked by formaldehyde, is 
known as one of the most potent secretagogues of 
mast cells. It can strongly activate cellular exocytosis, 
causing a rapid release of allergic mediators such as 
histamine. As a result, it has been widely used to study 
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(i) The release of Ca2+ from internal stores has been 
reported to be associated with some second messengers, 
including phospholipase C, phospholipase D, inositol 
1,4,5-triphosphate (IP3), and diacylglycerol (DG) (51). 
(ii) Degranulation dependent on the infl ux of extracular 
Ca2+ may be related to the members of the SNARE 
(soluble NSF attachment protein receptor) family, such 
as SNAP-23 (synaptosome-associated protein of 23 
kDa), syntaxin, synaptotagmin, and molecules of the 
VAMPs (vesicle-associate membrane protein) family 
which regulate the granuleto-granule or granule-to-
plasma membrane fusion process (52). In addition to 
Ca2+, Mg2+ and Zn2+ are also necessary for the activation 
of mast cells (53).

3. Pseudo-allergic reaction caused by complement 
activators

More than 30 complex components are included in the 
complement system of the human body, which play 
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signifi cant roles in defense against infection, distinction 
between innate and adaptive immunity, and repairing 
injured tissues (54,55). Due to imbalance or defi ciency 
of the complement regulating system, diseases may be 
caused by complement activation, such as complement 
activation-related pseudo-allergy (CARPA) (56). It is 
suggested that the complement system can be activated 
by some drugs and excipients, resulting in production of 
anaphylatoxins such as C3a, C4a, and C5a (56). They 
can bind to the complement receptors C3aR, C4aR, 
and C5aR, respectively, on the surface of membranes, 
and stimulate degranulation of serosa mast cells and 
peripheral blood basophils (57). The complement 
system is activated by three different pathways: the 
classical pathway, the mannose-binding lectin pathway 
and the alternative pathway (Figure 2) (58), which are 
different at the stage of C3 component activation in the 
most signifi cant moment of system activation (59).
 Known examples of CARPA are caused by 
liposomes (60), radiocontrast media (RCM) such 

Figure 2. Pathways of complement activation. The complement system can be activated via three different pathways: the 
classical pathway, the mannose-binding lectin pathway and the alternative pathway. All three pathways cleave C3 and form 
membrane attack complex (MAC) C5b-9 eventually. C1qr2s2 complex is the promoter of the classical pathway and mannose-
binding lectin-MASP1/MASP2 is the promoter of the mannose-binding lectin pathway. Both cleave C4 to C4a and C4b, the latter 
binding to fragment of C2, forming the C3 convertase of the classical and mannose-binding lectin pathway. Besides, MASP1 
could cleave C3 directly. The alternative pathway is started by the forming of C3b-Bb complex (C3 convertase), by which C3 can 
be hydrolyzed to C3a and C3b, the latter can bind to C3 convertase and C5 convertase is formed. C5 convertase cleaves C5 to 
C5a and C5b, resulting in the same cause and end effect.
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as metrizamide, iohexol, iopamadol, ioversol and 
ioxaglate (61,62), adjuvant amphiphilic emulsifier 
solvent systems such as Cremophor EL(CrEL) in Taxol 
(63) and so on.

3.1. By liposomes

Liposomes are increasingly used for targeted or 
controlled release of many diagnostic agents and drugs 
in medicine. To date, marketed liposomal drugs, such 
as Doxil (Caelyx) (64), Abelcet (65), AmBisome (66), 
Amphocil (67), and DaunoXome (68), have been 
reported to cause CARPA with morbidity rates varying 
from 3 to 45 percent. Taking Doxil as an example, the 
reported incidence changes between 0-25%, with the 
average value of 8% and the median value of 5% (69).
 It has been shown that different characteristics of 
liposomes and experimental conditions can result in 
different pathways or levels of complement activation, 
leading to the mechanistic study of CARPA caused 
by liposomes being difficult (70). For example, 
the characteristics of liposomes such as large size, 
polydispersity, surface charges and high cholesterol 
(> 45%) content are all shown to promote the incidence 
of CARPA (69). The results published by Chanan-Khan 
et al. have demonstrated that the complement activation 
caused by some lipsomes is through the mechanism of 
an increase of Bb, an active fragment of the alternative 
pathway (65). In addition, the activation of complement 
systems can also be induced in the classical pathway by 
direct binding of C1q to complement reactive protein-
tagged liposomes or the phospholipid bilayer. S protein-
bound C terminal complex (SC5b-9), the terminal 
complement complex, has been shown to be highly 
sensitive in predicting CARPA in clinical studies. 
Therefore, the SC5b-9 assay could be a biomarker for 
clinical diagnosis and laboratory studies (71).

3.2. By RCM

Radiocontrast media (RCM), which are widely used 
in diagnostic radiology or radiotherapy, have been 
reported to cause adverse reactions with an annual 
incidence rate of about 2.1-12.66% (72), and deaths of 
1 to 3 per 100,000 administrations (73). For example, 
sodium iothalamate, a kind of RCM, has been found 
to induce CARPA in dogs as well as other RCMs, such 
as metrizamide, iothalamate, diatrizoate, acetrizoate, 
iodipamide, and iopanoate (74). What is more, clinical 
studies showed that 42 patients out of 220 presented 
pseudo-allergic reactions after RCM injection, with 
symptoms appearing in 90 sec and disappearing 30 min 
later (75).
 Similarly to liposomes, RCM reactions can be 
influenced by characteristics of the RCM, including 
osmolarity, charge, iodine number, administration 
speeds and the recent constitutional features of 

patients (76). Hirshfeld et al. compared nonionic, 
low-osmolality radiocontrast agents with ionic, high-
osmolality agents during cardiac catheterization and 
found the latter ones could induce adverse reactions 
more easily (77). Moreover, it has been shown that 
adverse reactions induced by ionic contrast materials 
are in the range of 4% to 12% while those by nonionic 
contrast materials are 1% to 3% (62). Katayama et al., 
in research with over 300,000 contrast administrations, 
found the prevalence of severe adverse drug reactions 
was 0.04% for nonionic contrast media and 0.2% for 
ionic contrast media (78).
 A report demonstrates that the intravenous 
infusion of RCM results in the release of vasoactive 
mediators, such as histamine and serotonin, which 
may stem from mast cells or basophils. An increase in 
plasma histamine levels has also been observed after 
intravenous administration of RCM in dogs (79) as well 
as in humans (80). The mechanism involved seems 
to be mediated by proteins of the alterative pathway, 
because the synergistic effect would not be shown in 
serum without the complement components (81). To 
be specifi c, the mechanism involved in RCM reactions 
may be associated with production of C3a and C5a, or 
suppress complement regulatory factors I and H in vivo 
and in vitro, leading to activation of the complement 
system in both the classical and alternative pathways 
(61).

3.3. By CrEL

CrEL, a non-ionic detergent, has been widely used as a 
vehicle for insoluble drugs, including anticancer agents 
such as paclitaxel (taxol) and immunosuppressants 
such as cyclosporine (82). The drugs mentioned above 
dissolved in CrEL may cause severe and even life-
threatening CARPA, especially taxol (83). It has been 
demonstrated in a clinical study that an equivalent 
volume mixture of CrEL and taxol has caused a 
signifi cant increase of the serum levels of SC5b-9 and 
Bb fragments, end products of complement activation 
(63).
 It has been shown that the complement activation 
induced by CrEL is mainly through the alternative 
pathway. One possible mechanism is that CrEL could 
form non-ionic block copolymer surfactants, L101 
and L102, both of which can bind to C3 on the surface 
of cell membranes and result in activation of the 
complement alternative pathway (63). Other studies 
revealed that microdroplets with varying sizes up to 300 
nm could be formed by CrEL interacting with plasma 
lipoproteins HDL and LDL. These microdroplets 
can bind to C3bBb, one of C3 convertases, leading 
to the release of anaphylactoxin C3a or C5a and the 
occurrence of pseudo-allergic reactions (84,85). In 
addition, Szebeni et al. found that taxol could form 
8-20 nm spherical structures in aqueous solutions, and 



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2011; 5(5):211-219. 216

therefore, Taxol or pure CrEL in aqueous solutions 
might be eliminated via 30 kDa cutoff fi lters and thus 
activation of the complement system significantly 
reduced (84).

4. Pseudo-allergic reaction caused by nonsteroidal 
anti-infl ammatory drugs

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
are a series of substances used to treat pain, fever, 
or inflammation. They inhibit  the function of 
cyclooxygenases (COXs) which are strong mediators 
in the conversion of arachidonic acid (AA) into 
thromboxanes and prostaglandins (PGs).  This 
inhibition leads to the metabolism of AA toward the 
5-lipoxygenase pathway and results in an increase of 
cysteinyl leukotrienes release.
 There are two subtypes of COXs: COX-1 and 
COX-2. COX-1 is a constitutive enzyme present in 
all cells and is significant in mucosa protection and 
physiological homeostasis (86,87). COX-2 is an 
inducible enzyme and is expressed only in a limited 
range of cell types after stimulation by inflammatory 
signals (88). NSAIDs vary in their mechanisms by 
inhibiting different isoforms of COXs. It has been 
shown that therapeutic effects of NSAIDs are primarily 
associated with their abilities to inhibit COX-2, while 
some of their frequent adverse effects are induced by 
COX-1 inhibition (89).
 NSAIDs are reported to induce pseudo-allergic 
reactions, which are commonly described as intolerant 
in the medical literature (90). Pseudo-allergic reactions 
to NSAIDs account for 21% to 25% of all adverse drug 
reactions (91). Taking aspirin as an example, intolerance 
reactions are typically developed with the symptoms of 
rhinorrhea and conjunctival irritation within one hour 
after aspirin administration with acute asthma attacks 
(92). Szczeklik published results indicating that aspirin 
intolerance may be related to inhibition of COX-1, 
resulting in increased production of leukotrienes and 
decreased synthesis of PGE2, which is responsible for 
the symptoms of pseudo-allergic reactions observed in 
patients (93). This theory is also supported by multiple 
observations, including increased expression of the 
enzyme LTC4 synthase (LTC4S) and LT receptors, and 
increased urinary leukotriene E4 (LTE4) levels in this 
patient population (94-96).

5. Nonclinical detection methods

Several animal models have been established to detect 
pseudo-allergic reactions, including pig, dog, and rat 
models. Szebeni et al. has compared the sensitivity of 
these models in complement-mediated hypersensitivity 
react ions  to  l iposomes and other  l ip id-based 
nanoparticles, and concluded that pig and dog models 
were more applicable than rat models in predicting 

pseudo-allergic reactions of particulate "nanodrugs". 
Moreover, dogs can also be a model used for micellar 
lipids (such as CrEL), while pigs cannot (97). It has 
also been indicated that pseudo-allergic shock could 
be induced in porcine models by intravenous injection 
of calcium ionophore A23187 (98). If symptoms of 
anaphylaxis are observed in animal studies (as shown 
in Table 1), the following studies should be considered. 
Various methods should be studied to distinguish 
pseudo-allergic reactions from true IgE mediated type 
I allergy. For example, the mast cell line, as an in vitro 
model, is extensively used to detect the release of 
histamine induced by drugs (99). Among which, rat 
peritoneal mast cells have been the most popular model 
for many years (100). Besides, biochemical markers 
of pseudo-allergic reactions should be observed in 
nonclinical toxicology studies, including the detection 
of serum anaphylactic complement products in 
animals which show signs of anaphylaxis (56). Careful 
evaluation of the above reactions may supply valuable 
information on biochemical markers for clinical trials.

6. Conclusions

Pseudo-allergic reactions, which are mediated in 
an IgE-independent mechanism, have drawn more 
and more people's attention recently. Three possible 
mechanisms involved have been introduced, with 
the important drugs and agents which have been 
studied, in considerable detail. However, due to little 
understanding in this area, there is no rapid in vivo 
or in vitro diagnosis test in the clinic. The skin test is 
used for the diagnosis of type I allergy, but not for the 
pseudo-allergic reactions. In view of the characteristics 
of pseudo-allergic reactions, the provocation test may 
be the only way to come to a diagnosis. With the further 
study of the mechanism of these reactions, effective 
diagnosis methods in the clinic will be found.
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ABSTRACT: Near-infrared (NIR) absorbing dyes 
represent an intriguing avenue for extracting 
biological information from living subjects since 
they can be monitored with noninvasive optical 
imaging techniques. We designed and synthesized an 
imaging agent which contains a NIR fluorochrome 
(IR780) and peptidyl fluoromethyl ketone (FMK) for 
caspase-9 imaging of cells undergoing apoptosis. The 
IR780-FMK fluorescent probe had a Strokes shift 
of 79 nm and quantum yield 0.75. Prostate cancer 
DU145 cells undergoing apoptosis were successfully 
imaged using as little as 0.1 μM of IR780-FMK.

Keywords: Cell death, cancer, screening, apoptosis, 
fluoromethyl ketone

1. Introduction

Apoptosis is the process of programmed cell death 
by which multicellular organisms regulate cell 
number and maintain homeostasis. Within the series 
of biochemical events involved in apoptosis, the 
activation of caspases is recognized a critical marker. 
Apoptosis can be triggered by extrinsic or intrinsic 
signals such as physiological activators (TNF family, 
neurotransmitters, calcium, glucocorticoids), damage-
related inducers (heat shock, viral infection, tumor 
suppressors p53, oxidants, free radicals), therapy-
associated agents (chemotherapeutic agents, gamma 
radiation and UV radiation) and toxins (ethanol, 
β-amyloid peptide) (1-5).  Defective apoptosis 
processes can lead to severe pathological disorders, 
for example, downregulated apoptosis is involved in 
autoimmune diseases, cancer and viral infections (6,7); 
abnormal upregulation of apoptosis is associated with 

AIDS, neurodegenerative disorders and ischemic 
injury (7,8). Therefore, the development of caspase 
inhibitors could be novel treatments for a variety 
apoptosis associated diseases.
 A number of peptidyl caspase inhibitors have been 
developed including peptidyl chloromethyl ketones, 
peptidyl fluoromethyl ketones and peptidyl aldehydes. 
The chloromethyl ketones have strong electrophilicity 
and are not stable to high concentrations of thiol 
which limits their use in vivo (9). The aldehyde based 
inhibitors are poorly cell permeable and are not effective 
caspase inhibitors under concentrations of 1 μM (10). 
The fluoromethyl ketone (FMK) inhibitors, which are 
more stable in vivo and cell permeable (10,11), act as 
broad-spectrum, irreversible caspase inhibitors (12) with 
no added cytotoxic effects. Inhibitors synthesized with 
a benzyloxycarbonyl group (such as Boc- or Z-) at the 
N-terminus and O-methyl side chains such as Z-Val-Ala-
Asp(OMe)-FMK display improved cellular permeability 
facilitating their use in both in vitro cell culture and in 
vivo animal studies (13,14).
 In this work, we synthesized an imaging agent 
containing a NIR fluorochrome IR780 with high 
quantum yield and the cell permeable fluoromethyl 
ketone Z-Val-Ala-Glu(OMe). The structure of it 
is shown in Figure 1. The agent irreversibly binds 
caspase-9 in cells undergoing apoptosis and can be 
used to monitor live cells undergoing apoptosis. 
Fluorochromes with absorption and emission maxima 
between 650 and 900 nm are within the NIR range 
and are ideally suited for imaging in tissue due to the 
minimal optical absorption from hemoglobin, water, 

Original Article DOI: 10.5582/ddt.2011.v5.5.220

Figure 1. Structure of cell permeable fluoromethyl ketone 
Z-Val-Ala-Glu (OMe) (IR780-linker-Val-Ala-Glu(OMe)-
FMK).
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and lipids over this range (15-17). This is a significant 
benefit over current commerical cell caspase imaging 
agents, such as FLIVO™, which use fluorophores 
wavelengths less than 600 nm, e.g. fluorescein and 
rhodamine, where there is significantly more tissue 
autofluorescence and optical attenuation.

2. Materials and Methods

2.1. Chemicals

All chemicals were obtained from Sigma-Aldrich 
(St. Louis, MO, USA) and used as received unless 
stated otherwise. Solvents were distilled under argon 
immediately before use. NMR spectra were taken on a 
400-MHz Bruker with the TMS peak as internal reference. 
Mass spectra were run in the electrospray ionization mass 
spectrometry (ESI-MS) mode or atmospheric pressure 
chemical ionization (APCI-MS) mode. Reactions were 
carried out under dry argon with flame-dried glassware. 
Dichloromethane (DCM), N,N-dimethylformamide 
(DMF) and triethylamine (TEA) were freshly distilled 
from CaH2, and tetrahydrafuran (THF) was freshly 

distilled from sodium benzophenone. The NIR fluorescent 
imaging agent 4' C-[4-[2-(fluoromethylketone-Ala-Val-
NH)carbonyl]ethyl]carbonyl]amino]butyl]amino-IR780 
[IR780-linker-Val-Ala-Glu(OMe)-FMK] (compound 10) 
was synthesized in 11 steps (Figure 2; Appendix).

2.2. Spectral properties of IR780-linker-Val-Ala-Glu(OMe)-
FMK

The fluorescent spectrum of a 1-μM solution of IR780-
linker-Val-Ala-Glu(OMe)-FMK in DMSO was recorded 
using a Shimadzu RF-5301 PC spectrofluorophotometer. 
The Stokes shift was determined by the difference in 
wavelength between excitation and emission maxima. 
The quantum yield was measured according to a reported 
protocol (18,19) using cresyl violet as a reference.

2.3. Cell imaging for apoptosis

The DU145 cell line was cultured in Eagle's Minimum 
Essential Medium (MEM) supplemented with 10% fetal 
bovine serum and 1% L-glutamine. Cells were seeded into 
an 8-chamber culture slide at a density of 40,000 per well, 

221

Figure 2. Synthetic scheme of IR780-linker-Val-Ala-Glu(OMe)-FMK imaging agent. Reagents: a) i, Swern oxidation; ii, 
methyl 4-nitrobutyrate, TEA; b) 10% Pd/C, H2, in MeOH; c) TEA, HBTU, DMF; d) 10% Pd/C, H2, in THF; e) EDCI, DMAP, 
THF; f) Dess-Martin periodinane, in DCM; g) 4M HCl/EtOAc; h) 1,4-dioxan, DMAP, reflux; i) EDCI, HOBt, DMAP, THF; j) i, 
4M HCl/EtOAc; ii, IR 780, TEA, DMF.
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2.5. TUNEL assay

DU145 cells were treated with 1 μM of camptothecin 
as described in section 2.3 for 24 h and then were fixed 
in freshly prepared 4% paraformaldehyde in PBS, pH 
7.4, for 1 h at ambient temperature. After washing 
with PBS, cells were permeabilized with 0.1% Triton 
X-100 in 0.1% sodium citrate for 2 min on ice. Cells 
were incubated with TUNEL reaction mixture (Roche 
Diagnostics, Indianapolis, IN, USA) at 37°C in a 
humidified atmosphere for 1 h. Samples were directly 
imaged under a Nikon Eclipse 80i microscope coupled 
with a Hamamatsu ORCA-ER digital camera at 465-495 
nm excitation and 515-555 nm emission.

3. Results and Discussion

3.1. Synthesis of the NIR fluorescent imaging agent 
[IR780-linker-Val-Ala-Glu(OMe)-FMK]

We successfully synthesized the NIR fluorescent imaging 
agent [IR780-linker-Val-Ala-Glu(OMe)-FMK] in 11 
steps with an overall yield 0.75%. The structure of each 
compound was determined by 1H-NMR or together with 
APCI-MS (ESI-MS). Optically pure starting materials 
were used in the synthesis; however, isomers may have 
been introduced during the synthesis at the three chiral 
centers. During the purification of compound 5, only the 
major compound was collected, a pair of enantiomers, 
which resulted in the low yield of 32%. The enantiomers 
were not separated further before proceeding.

3.2. Absorption and emission spectrum of IR780-
linker-Val-Ala-Glu(OMe)-FMK

The structure of IR780-linker-Val-Ala-Glu(OMe)-
FMK consists of three parts: the IR780 fluorophore, the 
linker, and the fluoromethyl ketone of the tripeptides 
valine, alanine, and O-methyle-glutamic acid [Val-Ala-
Glu(OMe)-FMK] as the reactive part to the caspase-9. 
IR780-linker-Val-Ala-Glu(OMe)-FMK had a maximum 
excitation at 650 nm (Figure 3) and emission at 729 nm 
respectively. By contrast, the λmax of unconjugated IR780 
dye was at 685 and 760 nm for excitation and emission, 

and after overnight incubation, they were treated with or 
without 1 μM of camptothecin. After 24 h, IR780-linker-
Val-Ala-Glu(OMe)-FMK (compound 10) or IR780 iodide 
at different concentrations (0.1, 0.2, 0.5 and 1.0 μM) was 
applied, and the cells were incubated at 37°C for 30 min. 
Fresh MEM medium was exchanged once every hour for 
3 h. The cells were washed once with sterile phosphate 
buffered saline (PBS) for fluorescent imaging using a 
Nikon Eclipse 80i microscope coupled with a Hamamatsu 
ORCA-ER digital camera. The fluorescent images were 
analyzed using the MetaMorph software.
 For the nuclear counterstain, DU145 cells were seeded 
onto a 12-mm coverslip in 6-well plate at a density of 1.5 
× 105 cells per well for overnight. After cells were treated 
with or without 1 μM of camptothecin for 24 h, IR780-
linker-Val-Ala-Glu(OMe)-FMK at concentrations of 0.1 
or 0.5 μM was incubated with cells for 30 min at 37°C. 
Then the cells were washed twice with sterile PBS and 
subsequently incubated with 5-μg/mL DAPI in MEM 
for at 37°C for 5 min. Finally, the cells were washed with 
sterile PBS twice and imaged using the system described 
above.
 The acute toxicity of  the IR780-linker-Val-Ala-
Glu(OMe)-FMK in cell culture was determined by 
incubating the cells with the imaging agent for 30 min 
and then measuring the ratio of dead to live (attached 
cells). DU145 cells had been seeded at 1.5 × 105 cells/well 
in a 6-well plate and allowed to attach overnight before 
addition of the imaging agent.

2.4. Western blotting

DU145 cells were treated with 1 μM of camptothecin 
as described in the previous section, and cell lysates 
were prepared with a solution of 1% Nonidet P-40, 
50-mM Tris, 150-mM NaCl, APL protease inhibitors, 
and PMSF adjusted to pH 7.4. After treatment, floating 
cells were collected by aspiration, and attached 
cells were collected by trypsinization followed by 
centrifugation at 350 × g for 5 min. Cell pellets were 
incubated with lysis buffer on ice for 20 min and then 
centrifuged at 3,000 × g for 20 min at 4°C. The protein 
concentration was determined by BCA assay. Samples 
(40 μg of protein/sample) were separated by 10% 
polyacrylaminde gel and then transferred onto 0.45-μm 
nitrocellulose membrane, which was then blocked with 
5% (w/v) non-fat milk in TBS and 0.1% Tween 20 
(TBS/T). After washing with TBS/T, the nitrocellulose 
membrane was incubated with the anti-caspase-9 
polyclonal antibody (diluted 1:1,000, Cell Signaling 
Technology #9502, Danvers, MA, USA) overnight at 
4°C, followed by horseradish peroxidase-conjugated 
secondary antibody (diluted 1:2,000, Santa Cruz 
Biotechnology #sc-2004, Santa Cruz, CA, USA) for 
1 h at ambient temperature. Proteins were visualized 
with the Western Lightening® ECL detection system 
from Perkin Elmer.

Figure 3. Excitation (dashed) and emission (solid) 
spectrum of IR780-linker-Val-Ala-Glu(OMe)-FMK.
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respectively. The fluorescence quantum yield (Ф) was 
calculated as 0.75, which was determined in methanol 
with reference compound cresyl violet (Ф = 0.54 in 
methanol, (20)). The quantum yield is high enough to be 
employed as a fluorescent label in cell imaging studies.

3.3. Camptothecin induces apoptosis via activation of 
caspases-9

The caspase proteases can be activate either though 
the death signal-induced or stress-induced pathways. 
Caspase-9 is  an act ivator  of  apoptosis  in the 
mitochondrion-mediated or stress-induced pathway, 
wherein it subsequently activates caspases-3/6/7. 
Caspase-9 can be bypassed in the death signal-induced 
pathway when death receptors (e.g. TNF receptor) 
activate caspases-3/6/7 directly via caspase-10 (21). 
Camptothecin inhibits DNA synthesis and was expected 
to induce apoptosis via the caspase-9 pathway. After 
treatment with camptothecin, TUNEL assay indicated 
DNA fragmentation characteristic of apoptosis (Figure 4) 
and immunoblotting found cleaved caspase-9 fragments 
(Figure 5), which are the target of the IR780-linker-Val-
Ala-Glu(OMe)-FMK imaging agent.
 The normal DU145 cells had no uptake of IR780 
dye in the tested concentration range (0.1-1 μM). 
The unconjugated IR780 dye is highly polar and 
cell membrane impregnable, and we did not observe 
nonspecific uptake of the unconjugated IR780 dye in 
normal or apoptotic DU145 cells (images not shown). 
DU145 cells undergoing apoptosis showed fluorescent 
signals, because IR780-linker-Val-Ala-Glu(OMe)-FMK 
bound to the cleaved caspase-9 induced by camptothecin, 

223

which caused it to be retained within the cells (Figures 
6D, 6E, and 6F). Furthermore, counter-staining of the 
cells with DAPI confirmed that the IR780-linker-Val-
Ala-Glu(OMe)-FMK was confined to the cytoplasm 
(Figure 7). The inhibition and binding of IR780-linker-
Val-Ala-Glu(OMe)-FMK to cleaved caspase-9 is a result 

Figure 7. Fluorescent microscopic images of IR780-linker-
Val-Ala-Glu(OMe)-FMK-stained DU145 cells; DAPI counter 
stain. The IR780-linker-Val-Ala-Glu(OMe)-FMK fluorescent 
label (red) is distributed within the cytoplasm of the cells.

Figure 4. TUNEL assay. Apoptotic DU145 cells that have 
been treated with 1 μM camptothecin for 24 h were labeled 
by TUNEL staining of the DNA fragments. In comparison, 
untreated cells did not undergo apoptosis.

Figure 5. Western blot analysis of caspase-9 cleavage 
in untreated DU145 cells, or cells treated with 1-μM 
camptothecin for 24 h. a, full length; b, cleaved caspase-9 (37 
kDa); c, cleaved caspase-9 (35 kDa). 

50 kDa

35 kDa

M.W ladder Untreated 1 μM Camptothecin

a

b
c

Figure 6. DU145 cell imaging after treatment with IR780-
linker-Val-Ala-Glu(OMe)-FMK at concentrations of: 
A) 0.1 μM; B) 0.2 μM; C) 0.5 μM; IR780-linker-Val-
Ala-Glu(OMe)-FMK with 1 μM of camptothecin at 
concentrations of: D) 0.1 μM; E) 0.2 μM; F) 0.5 μM.
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of the peptide sequence recognition and the nucleophilic 
substitution of the fluoro- by a sulfhydryl group of 
the cysteine protease (22). By contrast, after untreated 
DU145 cells (~ 90% cell confluence) were incubated 
with IR780-linker-Val-Ala-Glu(OMe)-FMK, there 
was no accumulation of fluorescence either on the cell 
membrane or inside the cells at 0.1- or 0.2-μM IR780-
Val-Ala-Glu(OMe)-FMK concentrations (Figures 6A and 
6B). However, there was a small amount of fluorescence 
detected when the cells were incubated with 0.5-μM 
IR780-linker-Val-Ala-Glu(OMe)-FMK (Figure 6C). This 
was probably due to the high cell confluence (~ 90%) 
used for the imaging, as this non-specific binding was 
not observed in the cells at 60% confluency used for the 
DAPI counterstaining (Figure 7), and the imaging agent 
alone was not toxic. When the cells were incubated with 
the imaging agent for 30 min, there were no statistically 
significant differences in cell death between 0, 0.1 and 0.5 
μM of agent, which resulted in 3.17 ± 0.85, 3.01 ± 1.17, 
and 3.34 ± 1.01% dead cells, respectively.

4. Conclusion

The synthesis of a new NIR fluorescent imaging agent 
[IR780-Val-Ala-Glu(OMe)-FMK] for caspase-9 was 
successfully accomplished in 11 steps (0.75% overall 
yield), which has a maxima excitation at 650 nm 
and emission at 729 nm. The in vitro cell imaging 
demonstrated the sensitivity of this imaging agent for 
caspase-9-mediated cell apoptosis. At high confluences 
and dye concentrations, the dye uptake lost specificity. 
The NIR fluorescent probe could be ideally suited for 
in vivo imaging to monitor tumor cell progress and cell 
apoptosis induced by chemotherapeutics.
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Appendix

Steps of synthesis of IR780-linker-Val-Ala-Glu(OMe)-
FMK.

6-Fluoro-5-hydroxy-4-nitrohexanoic acid methyl ester 
(compound 1). Anhydrous DMSO (1.4 mL, 19 mmol) 
was added dropwise to the solution of oxalyl chloride (0.9 
mL, 9.6 mmol) in DCM (5 mL) at −78°C. To this solution 
was added 2-fluoroethanol (0.44 mL, 7.5 mmol) in 
DCM (2 mL). Fifteen minutes later, the reaction mixture 
was diluted with DCM (60 mL), followed by addition 
of TEA (4.4 mL, 31 mmol). The mixture was allowed 
to warm up to 0°C and stirred for 2 h followed by the 
addition of methyl 4-nitrobutyrate (0.93 g, 6.3 mmol) 
in DCM (5 mL). The mixture was stirred at 0°C for 3 h 
and then ambient temperature (ca. 20°C) overnight (23). 
The solution was concentrated and washed with ethyl 
acetate (EtOAc). Removal of the solvent followed by 
purification by silica gel column (hexanes:EtOAc = 5:1) 
gave the desired compound (1.0 g, 76%) as a yellow 
viscous oil. 1H-NMR (400 MHz, CDCl3): 2.40-2.45 (m, 
4H), 3.69 (s, 3H), 4.20 (brs) and 4.25 (brs, 1H), 4.40-4.80 
(m, 3H), 5.02 (brs) and 5.19 (brs, 1H).

4-Amino-6-fluoro-5-hydroxyhexanoic acid methyl 
ester (compound 2). A solution of 6-fluoro-5-hydroxy-
4-nitrohexanoic acid methyl ester (compound 1, 1.15 
g, 5.5 mmol) in methanol (20 mL) and acetic acid 
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(0.5 mL) was hydrogenated with H2 (40-45 psi) at 
ambient temperature for 5 h using 10% Pd/C (0.5 g) 
catalyst. The Pd/C was filtered off and the solvent 
was evaporated under reduced pressure. The desired 
compound was obtained as colorless viscous oil (0.92 
g, yield 87%), which was used for the next step without 
further purification. 1H-NMR (400 MHz, MeOD): 
1.65-2.00 (m, 2H), 2.90-3.42 (m, 2H), 3.65 (s, 3H), 
3.66-3.3.95 (m, 2H), 4.41-4.55 (m, 2H).

Boc-Val-Ala-OBn (compound 3). Boc-Val (3.0 g, 
13.8 mmol), alanine benzyl ester hydrochloride salt 
(3.3 g, 15.3 mmol) and O-benzotriazole-N,N,N',N'- 
tetramethyl-uronium-hexafluoro-phosphate (HBTU, 
5.76 g, 15.3 mmol) were dissolved in DMF (100 mL) 
followed by addition of TEA (4.3 mL). The reaction 
was stirred at ambient temperature for 24 h and then 
diluted with saturated citric acid (100 mL). Then the 
mixture was washed with EtOAc (100 mL × 2), and 
the combined organic layers were washed with brine, 
saturated NaHCO3 and brine, respectively, and then 
dried over Na2SO4. Removal of the solvent under 
reduced pressure followed by purification on silica gel 
(EtOAc:hexanes = 1:3) gave the desired compound (4.48 
g, 86%) as a white solid. 1H-NMR (400 MHz, CDCl3): 
0.93 (d, J = 7.0 Hz, 3H), 0.97 (d, J = 6.8 Hz, 3H), 1.44 
(d, J = 7.2 Hz, 3H), 1.46 (s, 9H), 2.08-2.20 (m, 1H), 3.94 
(t, J = 7.6 Hz, 1H), 4.62-4.69 (m, 1H), 5.08 (d, J = 8.8, 
1H), 5.19 (dd, J = 12.3, 8.2 Hz, 2H), 6.44 (d, J = 5.8 
Hz, 1H) , 7.32-7.44 (m, 5H).

Boc-Val-Ala-COOH (compound 4). Boc-Val-Ala-OBn 
(Compound 3, 5.0 g, 12.7 mmol) was dissolved in THF 
(100 mL), and the solution was hydrogenated with H2 
(1 atm) using 10% Pd/C catalyst (0.50 g) for 24 h. The 
solid Pd/C was removed by filtration, and the solvent 
was evaporated under reduced pressure. The desired 
compound was obtained as a white solid (3.4 g, 82%). 
1H-NMR (400 MHz, CDCl3): 0.92 (d, J = 6.7 Hz, 3H), 
0.96 (d, J = 6.7 Hz, 3H), 1.42-1.47 (m, 12H, overlap), 
2.00-2.11 (m, 1H), 4.01 (t, J = 8.0 Hz, 1H), 4.57 (t, J = 7.0 
Hz, 1H), 5.51 (brs, 1H), 7.04 (brs, 1H), 9.66 (brs, 1H).

4-(Boc-Val-Ala-amido)-6-fluoro-5-hydroxylhexa-
noic acid methyl ester (compound 5). Boc-Val-Ala-
COOH (compound 4, 1.0 g, 3.5 mmol), 4-dimethyla-
minopyridine (DMAP, 0.25 g, 1.9 mmol), and N-(3-
dimethylaminopropyl)-N-ethylcarbodiimide hydro-
chloride (EDAC, 0.74 g, 3.9 mmol) were dissolved in 
anhydrous THF (10 mL) at ambient temperature. After 10 
min a solution of 4-amino-6-fluoro-5-hydroxyhexanoic 
acid methyl ester (compound 2, 0.69 g, 3.9 mmol) in 
anhydrous THF (10 mL) was added directly to the 
above solution, and the reaction was stirred at ambient 
temperature overnight. The solvent was removed under 
reduced pressure, and the residue was dissolved in 
EtOAc, washed with saturated NaHCO3, brine, and citric 
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acid, respectively. The organic layer was dried with 
Na2SO4, and the product was purified over silica gel 
(EtOAc:hexanes = 3:1) to give the desired compound as 
a white solid (0.5 g, 32%). APCI -MS: [M + 1] = 450.3, 
[M + 1-C4H8] = 394.2, [M-Boc] = 350.2. 1H-NMR (400 
MHz, CDCl3): 0.95 (d, J = 7.0 Hz, 3H), 0.98 (d, J = 6.6 
Hz, 3H), 1.40 (d, J = 7.6 Hz, 3H), 1.45 (s, 9H), 1.85-1.97 
(m, 2H), 2.08-2.18 (m, 1H), 2.41 (t, J = 7.2 Hz, 2H), 3.69 
(s, 3H), 3.83-3.95 (m, 1H), 3.96-4.10 (m, 1H), 4.29-4.55 
(m, 3H), 6.54 (brs, 1H), 6.58 (brs, 1H).

4-(Boc-Val-Ala-amido)-6-fluoro-5-oxohexanoic acid 
methyl ester (compound 6). A solution of compound 
5 (0.898 g, 2.0 mmol) in DCM (20 mL) was treated 
with Dess-Martin periodinane solution (20 mL, 0.3 M 
in DCM). The reaction mixture was stirred at ambient 
temperature for 12 h. The solvent was removed under 
reduced pressure, and the crude product was purified 
by silica gel chromatography (EtOAc:hexanes = 1:1) 
to give the desired compound as a white solid (0.749 
g, 81%). APCI-MS: [M + 1] = 448.3, [M + 1-C4H8] = 
392.2, [M-Boc] = 348.2. 1H-NMR (400 MHz, CDCl3): 
0.95 (d, J = 7.0 Hz, 3H), 0.99 (d, J = 6.6 Hz, 3H), 1.40 
(d, J = 7.6 Hz, 3H), 1.45 (s, 9H), 1.88-1.96 (m, 2H), 
2.12-2.22 (m, 1H), 2.43 (t, J = 7.2 Hz, 2H), 3.68 (s, 
3H), 3.87-3.99 (m, 1H), 4.46-4.59 (m, 1H), 5.09-5.21 
(m, 2H), 6.76 (brs, 1H), 7.37 (brs, 1H).

4-(Val-Ala-amido)-6-fluoro-5-oxohexanoic acid 
methyl ester [Val-Ala-Glu(OMe), compound 7]. 
A solution of 4-M HCl in anhydrous EtOAc (20 mL) 
was cooled to 0°C, 4-(Boc-Val-Ala-amido)-6-fluoro-
5-oxohexanoic acid methyl ester (compound 6, 0.749 
g, 1.62 mmol) was added, and the mixture was stirred 
at ambient temperature overnight. Collection of the 
precipitated solid followed by washing with EtOAc 
(50 mL) gave a pale yellow solid (0.564 g, quantitative 
yield), which was used for the next step without further 
purification. 

4- (4 - (Tert -butoxycarbonyl )e thy lamino) -4 -
oxobutanoic acid (Boc-linker, compound 8). Mono-
Boc-protected butane-1,4-diamine (2.82 g, 15 mmol; 
prepared according to previous reports (24,25)) in 
10 mL of dioxane was added slowly to a solution 
of succinic anhydride (1.5 g, 15 mmol) in 10 mL of 
dioxane and then stirred at 80°C for 3 h. Removal of the 
solvent followed by purification of the residue through 
silica gel chromatography (EtOAc:hexanes:acetic acid 
= 50:5:1) gave the desired compound as a white solid 
(2.64 g, 63%). 1H-NMR (400 MHz, MeOD): 1.46 (s, 
9H), 1.46-1.57 (m, 4H), 2.39-2.50 (m, 2H), 2.55-2.67 
(m, 2H), 3.06 (t, J = 4.6 Hz, 2H), 3.19 (t, J = 6.5 Hz, 

2H), 6.53 (brs, 1H), 7.90 (brs, 1H), 12.10 (brs, 1H).

Boc-linker-Val-Ala-Glu(OMe)-FMK (compound 
9). To a solution of compound 8 (1.44 g, 5.0 mmol) in 
THF (30 mL) was added N-(3-dimethylaminopropyl)-
N-ethylcarbodiimide hydrochloride (EDCI, 0.96 g, 5.0 
mmol), 1-hydroxybenzotriazole (HOBt; 0.68 g, 5.0 
mmol), and 4-dimethylaminopyridine (DMAP) (0.31 g, 
2.5 mmol). The mixture was stirred for 10 min at am-
bient temperature followed by the addition of compound 
7 (2.24 g, 5.0 mmol) in THF (15 mL). The mixture was 
stirred at ambient temperature overnight. After removing 
the solvent under reduced pressure, the residue was 
diluted with EtOAc (100 mL) and washed with brine 
(50 mL). The organic layer was dried over sodium 
sulfate the solvent was removed under reduced pressure. 
Purification of the residue by silica gel chromatography 
(EtOAc:MeOH = 20:1) gave the desired compound as a 
yellow solid (1.17 g, 38%). APCI-MS: [M + 1] = 618.7, 
[M-Boc] = 518.5. 1H-NMR (400 MHz, CDCl3): 0.95 (d, 
J = 7.0 Hz, 3H), 0.99 (d, J = 6.6 Hz, 3H), 1.40 (d, J = 7.6 
Hz, 3H), 1.46 (s, 9H), 1.47-1.55 (m, 4H), 1.67-1.78 (m, 
2H), 2.14-2.26 (m, 1H), 2.39-2.50 (m, 4H), 2.55-2.68 (m, 
2H), 3.07 (t, J = 4.7 Hz, 2H), 3.20 (t, J = 6.4, 2H), 3.68 (s, 
3H), 4.08-4.20 (m, 1H), 4.45-4.58 (m, 1H), 4.48-4.59 (m, 
1H), 4.99-5.30 (m, 2H), 6.19 (brs, 1H), 6.50 (brs, 1H), 
7.45 (brs, 1H), 7.53 (brs, 1H), 7.56 (brs, 1H). 

IR780-linker-Val-Ala-Glu(OMe)-FMK (compound 
10). To a solution of Boc-linker-Val-Ala-Glu(OMe)-
FMK (compound 9, 0.46 g, 0.75 mmol) in dry DMF 
(5 mL) was added a solution of 4-M HCl/EtOAc (10 
mL) at 0°C. The mixture was stirred for 12 h at ambient 
temperature, followed by the addition of TEA (55 μL, 
0.75 mmol) and IR780 iodide (0.1 g, 0.15 mmol) in 
dry DMF (5 mL) (26,27). The mixture was then heated 
to 85°C and stirred continuously for 24 h in the dark. 
Removal of the solvent followed by purification of the 
obtained residue through silica gel chromatography 
(CHCl3:MeOH = 50:1) gave the desired compound 
as a blue solid (0.038 g, 25%). ESI-MS: [M+ + 1] = 
1022.3. 1H-NMR (400 MHz, DMSO-d6): 0.95 (d, J = 7.0 
Hz, 3H), 0.98 (d, J = 6.6 Hz, 3H), 1.03-1.07 (m, 6H), 
1.32-1.41 (m, 2H), 1.42-1.51 (m, 5H), 1.52-1.57 (m, 
4H), 1.59-1.70 (m, 15H), 1.71-1.76 (m, 4H), 2.07-2.15 
(m, 2H), 2.18-2.27 (m, 1H), 2.34 (t, J = 7.2 Hz, 2H), 2.49 
(t, J = 6.8 Hz, 2H), 2.57 (t, J = 6.8 Hz, 2H), 2.83 (t, J 
= 7.5 Hz, 4H), 2.89 (t, J = 6.8 Hz, 2H), 3.05 (t, J = 6.8 
Hz, 2H), 3.64 (s, 3H), 3.79 (t, J = 6.8, 2H), 3.94 (t, J = 7.2 
Hz, 2H), 4.10-4.20 (m, 1H), 4.26-4.37(m, 1H), 4.48-4.56 
(m, 1H), 5.13-5.25 (m, 2H), 5.86 (d, J = 13.0 Hz, 2H), 
7.06-7.15 (m, 4H), 7.29-7.36 (m, 1H), 7.62-7.71 (m, 
1H), 7.77 (d, J = 13.0 Hz, 2H), 8.13-8.25 (m, 2H).
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ABSTRACT: In the present study, a series of 
N(3)-substituted 2,4-imidazolidinediones and 
oxazolidinediones derivatives (1-16) were synthesized 
and tested for anticonvulsant activity using the maximal 
electroshock seizure test. Affinity towards receptor 
(5-HT1A/2A) was also studied. Their neurotoxicity 
was determined using the rotarod test. Structures of 
compounds were confirmed by spectroscopic methods. 
Compounds 1, 2, 5, 7, 9, and 10 exhibited significant 
anticonvulsant activity as compared to the standard 
drug phenytoin. Affinity toward receptor (5-HT1A/2A) 
was studied in vivo for compounds 1, 2, 5, 7, 9, and 10. 
Rectal body temperature, lower lip retractions and 
head twitch responses in Wistar rats/albino mice were 
determined for this purpose. The tested compounds 
showed affinity for 5-HT1A and 5-HT2A receptors 
(agonists/antagonists and presynaptic/postsynaptic). 
Replacement of piperazine by aniline derivatives 
provides good outcomes in terms of affinity for 5-HT1A/2A.

Keywords: Epilepsy, anticonvulsant, acetamide, 
phenytoin, oxazolidine-2,4-dione, aniline, piperazine

1. Introduction

Serotonin (5-HT) plays an important role in many 
physiological and pathophysiological processes in the 
brain (1). The link between 5-HT and the inhibition 
of epilepsy was suggested by Bonnycastle (2). They 
demonstrated that a series of anticonvulsants raise 
the brain 5-HT level. Serotonergic neurotransmission 
modulates a wide variety of experimentally induced 
seizures and is involved in the enhanced seizure 
susceptibility observed in rodents genetically prone to 

epilepsy (3). Welsh et al. observed in their study that 
the rat model of myoclonic epilepsy is associated with a 
profound loss of 5-HT throughout the brain (4). Drugs 
viz. valproic acid, lamotrigine, carbamazepine, phenytoin, 
and zonisamide are found to stimulate basal 5-HT 
levels, as part of their anticonvulsant action. Generally, 
agents that elevate the extracellular 5-HT levels, such as 
5-hydroxytryptophan and serotonin reuptake blockers, 
inhibit both focal and generalized seizures (5).
 The 5-HT1A receptors are to date one of the best 
characterized subtypes and it is generally accepted 
that they are involved in psychiatric disorders such 
as depression and anxiety. Several compounds from 
different chemical classes possess high affinity for 
5-HT1A/2A receptors. Among them, 5-HT1A receptor partial 
agonists and 5-HT2A receptor antagonists are of particular 
interest, since clinical studies indicate that these drugs 
are effective in treating mood disorders. Consequently, 
it has been suggested that compounds which interact 
simultaneously with 5-HT1A and 5-HT2A receptors may 
have a more advantageous therapeutic profile.
 Autoradiographic analysis of 5-HT receptors in fully 
kindled rat brain showed a selective increase in 5-HT1A 
binding in the dentate gyrus. These findings suggest 
that 5-HT1A receptors may have an inhibitory role in the 
generation of hippocampal seizures. According to the 
studies by Gariboldi et al., intrahippocampal or systemic 
administration of 8-hydroxy-N,N-dipropyl-2-aminotetralin 
(8-OH-DPAT), a specific 5-HT1A receptor agonist, to 
rats resulted in protective effects against seizure activity 
induced in the hippocampus by kainic acid (6). Several 
classes of compounds are known to bind to 5-HT1A receptor 
sites. Among them, 4-arylpiperazines that are linked to 
a terminal cyclic amide via a long chain are effective as 
antianxiety and antidepressant drugs (7). It has also been 
found that stimulation of 5-HT2 receptors is linked to the 
anticonvulsant action of some methylphenylpiperazine 
derivatives (5-HT2A/5-HT2C) in an animal maximal 
electroshock seizure (MES) test (8,9). Presently the 
effectiveness of antiepileptic drugs (AEDs) in reducing the 
severity and number of seizures is less than 70%. Moreover 
the treatment is coupled with adverse side effects ranging 
from cosmetic (gingival hyperplasia) to life threatening 
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(hepatotoxicity, megaloblastic anemia) (10-12).
 One of the structures among the compounds 
studied for anticonvulsant activity is the acetamide 
and propionamide nucleus. Ameltolide (13), ralitoline 
(14), and some phthalimide derivatives (15) are the best 
examples with potent anticonvulsant activity in the MES 
test (Figure 1). Ameltolide was developed by Eli Lilly 
(Indianapolis, IN, USA), which originated from the 
approach of Clark et al. This research group isolated the 
4-aminobenzamide pharmacophore, which subsequently 
led to the design of a number of new and potent 
anticonvulsant agents (16-20). Apart from the acetamide 
and propionamide nucleus, hydantoin and oxazolidine-
2,4-dione are also one of the most commonly used 
antiepileptic pharmacophores. Many heterocyclic 
compounds attached to piperazine via an alkyl linkage 
have already been proved as potent anticonvulsants 
by many scientists (21-23). The molecules contain 5- 
or 6-member heterocyclic rings, one or two carbonyl 
groups as well as a required aromatic system which was 
confirmed by the structure-activity relationship studies 
of clinically available AEDs and other anticonvulsant 
active compounds. Many studies on the structure-
affinity relationship of the 1-arylpiperazineclass of 
5-HT1A receptor ligands have been reported (24,25). 
Misztal et al. (26) assumed that the terminal amide 
fragment in buspirone-like ligands stabilized the 5-HT1A 
receptor-ligand complex by either p-electron or local 
dipole-dipole interaction.
 Based on the above findings, in the present study 
our interest was focused to target the 5-HT1A/2A receptor. 
Herein derivatives of 5-phenyloxazolidine-2,4-dione and 
5,5-diphenyl hydantoin (these moieties are already well 
established prototypes for antiepileptic drugs) attached 
to piperazine and aniline derivatives via an acetamide 
linkage (18,20) have been synthesized. Various electron 
donating and electron-attracting groups in the para position 
of aniline and piperazine were synthesized. Compound 4 
(p-tolyl-acetamide derivative of 2,4-imidazolidinedione) 
reported earlier for anticonvulsant activity (27) has been 

included in the present study for the purpose of comparison 
with other synthesized compounds. Based on potency-
structure relationships, we designed analogues related 
to ameltolide and hydantoin/oxazolidinedione. The 
synthesized compounds were evaluated for anticonvulsant, 
neurotoxicity and 5HT1A/2A in vivo receptor affinity. 

2. Materials and Methods

A l l  t h e  s u b s t i t u t e d  a n i l i n e  a n d  p i p e r a z i n e 
derivatives, 8-OH-DPAT, WAY 100653 (N-[2-[4-(2-
methoxyphenyl)piperazin-1-yl]ethyl]-N-pyridin-2-yl-
cyclohexanecarboxamide trihydrochloride), (±)-DOI 
((±)-1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane), 
ketanserine were purchased from Sigma-Aldrich 
Chemicals Pvt. Ltd. (St. Louis, MO, USA) and solvents 
were purchased from Merck (Darmstadt, Germany) and 
were used without further purification. The purity of the 
compounds was confirmed by thin-layer chromatography 
(TLC) performed on Merck silica gel 60 F254 
aluminium sheets (Merck), using various developing 
systems. Spots were detected by their absorption under 
UV light (λ = 254 nm) and by visualization with I2. The 
1H and 13C NMR spectra were recorded on a Bruker 
Avance DPX (300 MHz) spectrometer. Chemical 
shifts are reported in parts per million units relative to 
Tetramethylsilane (TMS) used as an internal standard. 
Coupling constants (J) are reported in Hertz (Hz). The 
infrared spectras were generated using a Shimadzu 8300 
FTIR Spectrophotometer using KBr pellets and the nujol 
mull method. Spectral outputs were recorded either in 
absorbance or in transmittance mode as a function of 
wave number. The spectrum was collected from 4,000 
to 400 cm-1. Mass spectra were analyzed on a Finnigan 
MAT LCQ (APCI). Elemental analysis was carried out 
on EXTER analytical inc. CE-440 Elemental analysis, 
autosampler. Melting points (M.P.) were determined 
in open capillaries on a STUART SMP10, UK and are 
uncorrected. Signal multiplicities are represented by the 
following abbreviations: s (singlet), b (broad singlet), d 
(doublet), dd (doublet of doublets), t (triplet), q (quartet), 
m (multiplet).

2.1. Chemistry

In  the  present  inves t iga t ion  a  new ser ies  of 
N(3)-subst i tuted 2,4-imidazolidinediones and 
oxazolidinediones derivatives (Scheme 1, Figure 2) were 
synthesized using procedures explained in the literature 
(28-30). All the compounds were synthesized by classic 
two-step methods as illustrated in Scheme 1 (Table 1). 
In the first step, reacting 2-chloroacetylchloride with 
appropriately substituted anilines and piperazine yielded 
acetamide derivatives (1a-8a). In the second step, 
those intermediates were condensed with 5,5-diphenyl 
hydantoin and 5-phenyl oxazolidine-2,4-dione to 
furnish the title compounds 1-6, 7, 8 and 9-14, 15, 
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16, respectively. 5-Phenyl oxazolidine-2,4-dione and 
5,5-diphenyl hydantoin were synthesized in the lab using 
reported procedures (31-34). The title compounds were 
evaluated for anti-MES activity, neurotoxicity and in vivo 
receptor affinity for 5-HT1A/2A.

230

2.1.1. Synthesis of acetamide derivatives (1a-8a)

Intermediates were prepared according to methods 
reported in the literature (28-30). For this purpose, 
appropriately substituted aniline/piperazine (0.066 mol) 

No.

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Table 1. Structures and physicochemical data of compounds

Formula

C23H18ClN3O3

C23H18ClN3O3

C23H18FN3O3

C24H21N3O3

C24H21N3O4

C23H19N3O4

C27H25N5O5

C27H25FN4O3

C17H13ClN2O4

C17H13ClN2O4

C17H13FN2O4

C18H16N2O4

C18H16N2O5

C17H14N2O5

C21H20N4O6

C21H20FN3O4

Yield in %

55

57

60

45

54

60

58

62

55
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45

45

45

40

50

53

Mol wt (calc)

419.86

419.86

403.41

399.44
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was dissolved in 25 mL glacial acetic acid. 2-Chloroacetyl 
chloride (0.074 mol) was added dropwise to this solution 
while cooling in an ice-bath. The reaction mixture was 
stirred in an ice-bath for 0.5 h followed by 1 h at room 
temperature. The mixtures were poured into saturated 
sodium acetate solution. Obtained precipitates were 
filtered off and washed with cold water and purified by 
recrystallization from ethanol/water.

2.1.2. General procedure for the synthesis of compounds 
(1-16)

Acetamide derivatives (0.002 mol) (1a-8a) and 
5,5-diphenyl hydantoin (A)/5-phenyl oxazolidine-2,4-
dione (B) (0.01 mol) in 20 mL N,N-dimethylformamide 
(DMF) were refluxed. The reaction was terminated, 
using monitoring of products with TLC. The reaction 
mixture was poured into cold water. The precipitates 
were filtered off and washed with water. After drying, 
the precipitate was purified by crystallization from 
ethanol. The physicochemical data of compounds are 
reported in Table 1.

2.2. Pharmacology

2.2.1. MES

Banaras Hindu University, Institute of Medical Sciences, 
Institutional Animal Ethical Committee (IAEC), approved 
all experiments for animal testing. MES is recognized 
as the 'gold standard' in the early stages of testing (35). 
Male albino mice (25-35 g) and Wistar rats (200-250 
g) of either sex were used. Laboratory temperature was 
maintained at 20 ± 1°C under conditions of a 12 h light 
and dark schedule. Before experimentation, animals 
were allowed 1 week of adaptation. Food was withdrawn 
12-15 h before commencing the experiment, while water 
was withdrawn immediately before the experiment. Each 
group consisted of 6 animals per dose. Each animal was 
used once.
 The compounds were administered orally (suspension 
in a 1% Tween 80/water mixture) and intraperitoneally 
(suspension in 0.5% methylcellulose). The rotarod test 
was carried out to determine minimal neurotoxicity 
before the experiments. 
 The anticonvulsive activity of the compounds was 
evaluated by defining the abolition of the hind-leg tonic 
maximal extension component of the seizure (36). 
Maximal seizure is induced by application of an electrical 
current across the brain through corneal electrodes. The 
stimulus parameters are 50 mA, AC in a pulse of 60 Hz 
for 200 Ms (0.2 sec). After applying shock, mice/rats were 
observed for the type of convulsion produced and the 
hind limb extensor response was taken as the end point. 
Animals were tested at 0.5 and 4 h after administration of 
compounds. The animals that showed a positive hind limb 
extensor response were used for testing drug substances.

2.2.2. Neurotoxicity test

A neurological toxicity test (TOX) induced by a 
compound was detected in mice using the standardized 
rotarod test. Untreated control mice, when placed on a 
6 rpm rotation rod, can maintain their equilibrium for 
a prolonged period of time. Neurological impairment 
is demonstrated by the inability of mice to maintain 
equilibrium for 1 min in each of three successive trials.

2.2.3. In vivo receptor binding studies

All drug solutions were prepared in a 1% aqueous 
solution of Tween 80 and were freshly prepared before 
use [Investigated compounds: 8-OH-DPAT, WAY 
100653, (±)-DOI, and ketanserine]. 8-OH-DPAT and 
WAY 100653 were injected subcutaneously (s.c.), and 
(±)-DOI was given intraperitoneally (i.p.). The data 
obtained were analyzed by one-way analysis of variance 
followed by Dunnet's test. All scoring were carried out 
by an observer who was unaware of the specific drug 
treatment. Male albino mice (25-35 g) and Wistar rats 
(200-250 g) of either sex, were used. Groups consisted 
of 6-8 animals per dose.

2.2.3.1. Lower lip retraction (LLR)

The LLR was assessed according to the method 
described by Berendsen et al. (38). The rats were 
individually placed in cages and were scored three times 
(at 15, 30, and 45 min) after the administration of the 
tested compounds or 8-OH-DPAT (0 = lower incisors 
not visible, 0.5 = partly visible, 1 = clearly visible). The 
total maximum score amounted to 3/rat. In a separate 
experiment, the effect of the investigated compounds or 
WAY 100635 on LLR induced by 8-OH-DPAT (1 mg/kg) 
was tested. The investigated compounds or WAY 100635 
were administered 45 and 15 min, respectively, prior to 
8-OH-DPAT, and the animals were scored 15, 30, and 45 
min after 8-OH-DPAT administration.

2.2.3.2. Rectal body temperature of rats

8-OH-DPAT (5 mg/kg)  decreases  rectal  body 
temperature in rats. Effects of tested compounds given 
alone on rectal body temperature of rats (measured 
with an Ellab thermometer) were recorded 30, 60, 90, 
and 120 min after administration and compared with 
the effect of WAY 100635 (0.1 mg/kg). Results were 
expressed as change in body temperature (∆t) compared 
to basal body temperature, as measured at the beginning 
of the experiment. Compounds were administered 45 
min prior to 8-OH-DPAT.

2.2.3.3. Head twitch method

In order to habituate the rats to the experimental 
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environment, each animal was randomly transferred 
to a cage, 30 min before injection of the compound 
(±)-DOI or vehicle. Head twitches were induced in mice 
by (±)-DOI (2.5 mg/kg). Immediately after treatment, 
head twitches (rapid right and left movements of the 
head with little or no involvement of the trunk) were 
counted for 20 min (37). The investigated compounds 
were administered 60 min before (±)-DOI. Their 5-HT2A 
antagonistic activity was compared to ketanserin (ID50 = 
0.14 mg/kg), a well-known 5-HT2A receptor antagonist.

3. Results and Discussion

3.1. Chemistry

In this study, sixteen new N(3)-substituted 2,4- 
imidazolidinediones and oxazolidinediones derivatives 
were synthesized to evaluate anticonvulsant activity 
using the MES test. Chemical structures of title 
compounds were confirmed by elemental analysis, 
1H, 13C NMR, IR and mass spectra data. Intermediates 
(compounds 1a-16a) were verified by FT-IR spectra 
(spectra not shown).
 IR spectra of compounds shows N-H and C=O 
stretching bands in the region of 3,486-3,112 cm-1 and 
1,620-1,680 cm-1 respectively, indicating the presence of 
an -CONH-. Nitro groups show two intense peaks, one 
is in the range of 1,300-1,400 cm-1 for the symmetric 
stretching mode while the other one is 1,500-1,600 cm-1 
for the asymmetric stretching mode. The -OH group has 
a distinct peak at 3,550-3,600 cm-1. The strong bands 
in the 3,000-2,850 cm-1 regions are due to C-H stretch. 
In the acetamide series, 1H NMR spectra confirmed the 
presence of expected proton signals with relevant splitting 
patterns and integrations. The chemical shifts and splitting 
patterns of protons in each compound differed depending 
on the nature of the substituent and substitution patterns. 
The compounds were further verified by mass spectral 
analyses where the molecular ion peaks were in complete 
agreement with the calculated molecular weight for 
individual compounds. The compounds having chloro 
substituent (compounds 1, 2, 9, 10) have relatively 
small molecular ions whereas the [M-Cl]+ ions derived 
by loss of chlorine were more intense. C, H, N and O 
determinations were found to be within range.

3.2. Anticonvulsant activity

3.2.1. MES & Rota- Rod test

The anticonvulsant activity for all synthesized 
compounds was established by the MES tests after 
intraperitoneal injection (i.p.) to mice at doses of 30, 100, 
and 300 mg/kg. The neurotoxicity (NT) was determined 
by the minimal motor impairment-rotarod screening. 
Preliminary screening results indicated that some of the 
title compounds have diversified anti-MES activity.

 Compound 1, 2, 5, 7, 9, and 10 showed protection 
against MES and in addition they were devoid of 
neurotoxicity. While compounds 3, 4, 11, 12, 13, and 16 
are active but also impart neurotoxicity and compounds 
6, 8, 14, and 15 were inactive. All results are presented in 
Table 2.
 On the basis of obtained data in i.p. MES screening in 
mice and according to the anticonvulsant screening project 
(ASP) procedure selected, compounds (1, 2, 5, 7, 9, and 
10) were evaluated orally in rats at doses of 30 mg/kg 
for two different time intervals (0.5 and 4 h) for both 
anticonvulsant and neurotoxic properties (Table 3) (39). 
 Compounds 1 and 9 were found to be the most active 
among all synthesized ones with dose levels of 30 and 
100 mg/kg for 4 h, while others (2, 5, 7, and 10) were 
active at high dose levels (100/300 mg/kg). Compound  
3, 4, 11, 12, 13, and 16 are also active but suffer from 
neurotoxicity and therefore these compounds will not 
be considered for further study. Compounds 6, 8, 14, 

No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
Phenytoin

4

100
100
300

-
300

-
300

-
100
300
300
100
300

-
-

300
  30

0.5

-
-

100
100

-
-
-
-
-
-
-
-

100
-
-

100
100

4

-
-
-
-
-
-
-
-
-
-

100
100

-
-
-

300
100

Table 2. Evaluation of all synthesized compounds in MES 
tests after intraperitonial injection (30, 100, 300 mg/kg) to 
mice (Phase 1)

MES (h)a NT (h)b

0.5

  30
-

100
100
100

-
100

-
  30
100
100
  30
100

-
-
-

  30
a Maximal electroshock seizure test (h, hours); b Neurotoxicity 
(Determined by rotarod).

No.

1
2
5
7
9
10
Phenytoin

4

4/6
3/6
4/6
4/6
4/6
3/6
5/6

0.5

0/6
0/6
0/6
0/6
0/6
0/6
-

4

0/6
0/6
0/6
0/6
0/6
0/6
-

Table 3. Evaluation of compounds 1, 2, 5, 7, 9, 10 in MES 
tests after oral administration (30 mg/kg) to rats (Phase 
6a)

MES (h)a NT (h)b

0.5

1/6
0/6
2/6
3/6
2/6
2/6
6/6

a MES test (number of animals protected/number of animals tested); 
b Neurotoxicity (number of animals exhibiting toxicity/number of 
animals tested).
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and 15 were found to be inactive in this test and were 
also excluded from further consideration. Some of the 
compounds (3, 4, 11, 12, 13, and 16) were found to be 
neurotoxic according to the rotarod test. Preliminary 
screening results are presented in Tables 2 and 3.

3.2.2. In vivo receptor binding studies

Compounds, which are active in MES and devoid 
of neurotoxicity were further considered for in vivo 
receptor binding studies (Tables 4-7). Various animal 
models were used for estimation of receptor affinity for 
5-HT1A (i) rectal body temperature (measured with an 
Ellab thermometer), (ii) lower lip retraction in rats were 
recorded, while (iii) head twitches were recorded in 
mice for the determination of probable affinity towards 

5-HT2A receptors (37,40). The standards used in the 
study are 8-OH-DPAT (5-HT1A agonist), WAY 100653 
(5-HT1A antagonist), (±)-DOI (5-HT2A agonist), and 
ketanserine (5-HT2A antagonist).
 In the presynaptic model, compounds which 
produced hypothermia like 8-OH-DPAT (5-HT1A 
agonist) were considered as presynaptic agonists and 
vice versa. Among the tested one, 2, 7, and 9 produced 
hypothermia while 1, 5, and 10 were not active in 
the test. In another experiment induction of lower lip 
retraction was studied using 8-OH-DPAT compared to 
WAY 100635 (5-HT1A antogonist). Compounds 1, 2, 
and 9 served as post synaptic agonist while 5, 7, and 10 
were found to be antagonist. To estimate affinity toward 
5-HT2A receptors the head twitch method was used. 
Like ketanserin, a reference 5-HT2A receptor antagonist 

Treatment

Vehicle
1

2

5

7

9

10

WAY100635

Table 4. The effect of the investigated compounds and WAY 100635 on the body temperature in rats

30 min

-0.1 ± 0.1
-0.7 ± 0.2
-1.8 ± 0.3
-0.6 ± 0.1
-2.0 ± 0.1
-0.5 ± 0.1
-1.2 ± 0.3
-0.4 ± 0.2
-1.5 ± 0.3
-0.4 ± 0.1
-1.0 ± 0.1
-0.2 ± 0.1
-1.2 ± 0.2
 0.2 ± 0.1

60 min

  0.0 ± 0.1
-0.7 ± 0.1
-1.8 ± 0.3
-0.8 ± 0.1
-2.5 ± 0.2
-0.6 ± 0.2
-1.1 ± 0.2
-0.8 ± 0.1
-1.7 ± 0.1
-0.6 ± 0.2
-1.1 ± 0.1
-0.2 ± 0.1
-1.3 ± 0.3
  0.2 ± 0.1

90 min

-0.2 ± 0.1
-0.8 ± 0.2
-1.6 ± 0.2
-0.9 ± 0.3
-2.9 ± 0.1
-0.6 ± 0.1
-1.2 ± 0.2
-0.9 ± 0.2
-1.9 ± 0.1
-0.7 ± 0.1
-1.4 ± 0.1
-0.3 ± 0.2
-1.2 ± 0.1
 0.1 ± 0.1

120 min

 0.0 ± 0.1
-0.7 ± 0.2
-1.7 ± 0.2
-1.9 ± 0.2
-1.5 ± 0.1
-0.6 ± 0.1
-1.1 ± 0.1
-0.6 ± 0.3
-1.5 ± 0.1
-0.5 ± 0.1
-1.1 ± 0.1
-0.2 ± 0.1
-1.2 ± 0.1
  0.2 ± 0.1

Dose (mg/kg)

-
10
20
10
20
10
20
10
20
10
20
10
20

     0.1

Δt SEM

The investigated compounds (i.p.) and WAY 100635 (s.c.) were administered 30 min before the test. The absolute mean initial body temperatures 
were within a range of 36.3 ± 0.5°C. p < 0.001 vs. vehicle.

Vehicle
1 

2 

5 

7 

9 

10

WAY 100635

0.1 ± 0.1
1.0 ± 0.1
1.8 ± 0.3
1.5 ± 0.2
2.2 ± 0.1
0.1 ± 0.2
0.9 ± 0.1
0.1 ± 0.1
0.5 ± 0.3
1.4 ± 0.1
2.5 ± 0.2
0.1 ± 0.1
0.3 ± 0.2
0.1 ± 0.1

2.8 ± 0.2
2.3 ± 0.2
2.4 ± 0.2
2.8 ± 0.2

NT
0.4 ± 0.1
0.8 ± 0.1
0.4 ± 0.1
0.6 ± 0.2
2.2 ± 0.1

NT
0.4 ± 0.2
0.6 ± 0.3
0.3 ± 0.2

Table 5. Induction of lower lip retraction (LLR) by the 
investigated compounds and WAY 100635 (A) and their 
effect on 8-OH-DPAT (B)

Treatment
A B

-
10
20
10
20
10
20
10
20
10
20
10
20

     0.1

The investigated compounds (i.p.) and WAY 100635 (s.c.) were 
administrated 15 min before the test (A), or 45 min before 8-OH-DPAT 
(1 mg/kg, s.c.) (B). p < 0.01 vs. vehicle (A) or vs. vehicle + 8-OH-
DPAT (B). NT: not tested.

  Dose
(mg/kg)

Mean SEM LLR score
Treatment

5
7
10
Ketanserine

ID50 (mg/kg, i.p.)a

  7 (5.4-9.2)
10 (6.2-15.3)
  8 (5.9-11.7)
  0.12 (0.07-0.20)

Table 6. The effect of compounds 5, 7, 10 and ketanserin 
on the (±)-DOI-induced head twitch response in mice

a ID50, the dose inhibiting head twitches in mice by 50%; confidence 
limit (90%) given in parenthesis. Investigated compounds were 
administrated i.p. 60 min before (±)-DOI (2.5 mg/kg, i.p.).

Compound

1
2
5
7
9
10

Postsynaptic 

Agonist
Agonist
Antagonist
Antagonist
Agonist
Antagonist

5HT2A activity

NA
NA
Antagonist
Antagonist
NA
Antagonist

Table 7. Functional in vivo 5-HT1A/2A receptor activity of 
the investigated compounds

5HT1A activity

Presynaptic

Non active
Agonist
Non active
Agonist
Agonist
Non active
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compounds 5, 7, and 10 (which exhibited the highest 
5-HT2A receptor affinity) inhibited head twitches 
induced by (±)-DOI, a 5-HT2A receptor agonist, in mice. 
Hence, compound 5, 7, and 10 may be classified as 
5-HT2A receptor antagonist.
 It has already been reported that alone 5-HT2A is not 
responsible for inhibition of the head twitch response 
evoked by (±)-DOI. Selective antagonists of dopamine 
D1 and D2 receptors or α1-adrenoreceptors can also 
be responsible for the same response (41,42). Thus, it 
cannot be excluded that mechanisms other than 5-HT2A 
receptor blockade are involved in reduction of (±)-DOI-
induced head twitches by these compounds.

4. Conclusion

In this investigation N(3)-substituted 2,4-imida-
zolidinediones and oxazolidinediones derivatives 
were obtained by utilizing various para-substituted 
aniline and piperazine derivatives. The results showed 
that selected compounds (1, 2, 5, 7, 9, and 10) can be 
assumed to be potential ligands for 5-HT1A/2A and the 
piperazine ring can be replaced by the aniline nucleus. 
This not only decreases the bulkiness but also increases 
the activity of the entity. Considering the functional 
profile of the investigated compounds few of them can 
act as potential anticonvulsant compounds.
 Synthesized compounds in phase 1 (anticonvulsant 
screening) show that electronegative substitution was 
more active than electropositive substitution, whereas 
in the subsequent phase 6a trial, compounds with para 
substitution are more active than ortho substitution 
among the electronegative substituents.
 In the functional receptor activity for 5-HT1A the 
chloro derivatives 1, 2, and 9 act as agonist whereas 
compound 7, which is a piperazine derivative, acts as 
a presynaptic agonist and post synaptic antagonist. For 
5-HT2A compounds 5, 7, and 10 act as antagonist. 
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Appendix

Characterization data of compounds synthesized in the 
current study.

N-(4-chlorophenyl)-2-(2,5-dioxo-4,4-diphenyl-
imidazolidin-1-yl)-acetamide (1): Melting point: 
294-296°C; Yield: 55%; IR (KBr, vmax cm-1): 3,254 (NH 
Str), 2,945 (C-H), 1,721 (C=O), 1,672 (NH Bend), 
790 (C-Cl Str); Mass: 420 (M + 1), 421 (M + 2); 1H 
NMR (CDCl3, 300 MHz): δ 8.062 (s, NH, sec amide), 
7.685-7.371 (m, 4H, 1Ph), 7.249-7.019 (m, 10H, 2Ph), 
6.146 (s, 1H, N-H, phenytoin), 3.960 (s, 2H, -CH2-); 

13C 
NMR (CDCl3): 169.2, 168.2, 161.2, 143, 138.9, 129.4, 
128, 126, 121, 72.6, 47.1; Elemental analysis: calcd for 
C23H18ClN3O3: C, 65.79; H, 4.32; Cl, 8.44; N, 10.01; O, 
11.43%. Found: C, 65.72; H, 4.28; Cl, 8.39; N, 9.97; O, 
11.39%.

N-(2-chlorophenyl)-2-(2,5-dioxo-4,4-diphenyl-
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imidazolidin-1-yl)-acetamide (2): Melting point: 
298-300°C; Yield: 57%; IR (KBr, vmax cm-1): 3,265 (NH 
Str), 2,980 (C-H), 1,726 (C=O), 1,622 (NH Bend), 
810 (C-Cl Str); Mass: 420 (M + 1), 421 (M + 2); 1H 
NMR (CDCl3, 300 MHz): δ 8.192 (s, NH, sec amide), 
7.198-7.009 (m, 10H, 2Ph), 7.149-6.94 (m, 4H, 1Ph), 
6.210 (s, 1H, N-H, phenytoin), 4.095 (s, 2H, -CH2-); 

13C 
NMR (CDCl3): 169.2, 168.2, 161.2, 143, 141.2, 138.9, 
129, 129.1, 128.4, 126.8, 126, 125.7, 125.5, 72.6, 47.1; 
Elemental analysis: calcd for C23H18ClN3O3: C, 65.79; 
H, 4.32; Cl, 8.44; N, 10.01; O, 11.43%. Found: C, 
65.73; H, 4.29; Cl, 8.38; N, 9.99; O, 11.41%.

2-(2,5-Dioxo-4,4-diphenyl-imidazolidin-1-yl)-N-
(4-fluoro-phenyl)-acetamide (3): Melting point: 
272-173°C; Yield: 60%; IR (KBr, vmax cm-1): 3,305 
(NH), 2,900 (CH), 1,722 (C=O), 1,656 (NH Bend), 
1,120 (C-F Str); Mass: 404 (M + 1), 405 (M + 2); 1H 
NMR (CDCl3, 300 MHz): δ 8.090 (s, NH, sec amide), 
7.585-7.271 (m, 4H, 1Ph), 7.149-7.019 (m, 10H, 2Ph), 
6.208 (s, 1H, N-H, phenytoin), 3.890 (s, 2H, -CH2-); 
13C NMR (CDCl3): 169.2, 168.2, 161.2, 157.7, 143.0, 
136.4, 129, 128.4, 126, 122.0, 115.7, 72.6, 47.1; 
Elemental analysis: calcd for C23H18FN3O3: C, 68.48; H, 
4.50; F, 4.71; N, 10.42; O, 11.90%. Found: C, 68.41; H, 
4.48; F, 4.69; N, 10.38; O, 11.87%.

2-(2,5-Dioxo-4,4-diphenyl-imidazolidin-1-yl)-N-p-
tolyl-acetamide (4): Melting point: 292-294°C; Yield: 
45%; IR (KBr, vmax cm-1): 3,323 (NH), 2,900 (-CH3 Str), 
1,722 (C=O), 1,656 (NH Bend), 1,380 (C-H Bend); 
Mass: 400 (M + 1), 401 (M + 2); 1H NMR (CDCl3, 300 
MHz): δ 8.174 (s, NH, sec amide), 7.549-7.319 (m, 
10H, 2Ph), 7.295-7.156 (m, 4H, 1Ph), 6.001 (s, 1H, N-H, 
phenytoin), 4.160 (s, 2H, -CH2-), 2.355 (s, 3H, -CH3); 
13C NMR (CDCl3): 169.2, 168.2, 161.2, 143.0, 137.8, 
133.3, 129.4, 129.0, 128.4, 126, 120.3, 72.6, 47.1, 20.9; 
Elemental analysis: calcd for C24H21N3O3: C, 72.16; H, 
5.30; N, 10.52; O, 12.02%. Found: C, 72.14; H, 5.29; N, 
10.49; O, 12.00%.

2-(2,5-Dioxo-4,4-diphenyl-imidazolidin-1-yl)-N-
(4-methoxy-phenyl)-acetamide (5): Melting point: 
294-296°C; IR (KBr, vmax cm-1): 3,355 (NH), 2,967 (-CH3 
Str), 1,730 (C=O), 1,612 (NH Bend), 1,012 (C-H Bend); 
Mass: 416 (M + 1), 417 (M + 2); 1H NMR (CDCl3, 300 
MHz): δ 8.098 (s, NH, sec amide), 7.440-7.309 (m, 
10H, 2Ph), 7.295-6.750 (m, 4H, 1Ph), 6.098 (s, 1H, N-H, 
phenytoin), 4.160 (s, 2H, -CH2-), 3.734 (s, 3H, -OCH3); 
13C NMR (CDCl3): 169.2, 168.2, 161.2, 157.6, 143.0, 
133.3, 129.0, 128.4, 126, 121.4, 114.3, 72.6, 56.0, 47.1; 
Elemental analysis: calcd for C24H21N3O4: C, 69.39; H, 
5.10; N, 10.11; O, 15.40 %. Found: C, 69.35; H, 5.13; N, 
10.12; O, 15.39%.

2-(2,5-Dioxo-4,4-diphenyl-imidazolidin-1-yl)-N-
(4-hydroxy-phenyl)-acetamide (6): Melting point: 

296-298°C; Yield: 60%; IR (KBr, vmax cm-1): 3,590 
(OH Str), 3,335 (NH), 2,912 (-CH3 Str), 1,711 (C=O), 
1,638 (N-H Bend); Mass: 402 (M + 1), 403 (M + 2); 1H 
NMR (CDCl3, 300 MHz): δ 8.190 (s, NH, sec amide), 
7.340-7.209 (m, 10H, 2Ph), 7.195-6.750 (m, 4H, 1Ph), 
6.098 (s, 1H, N-H, phenytoin), 5.172 (brs, 1H, -OH), 
4.060 (s, 2H, -CH2-);

 13C NMR (CDCl3): 168.2, 161.2, 
152.9, 143.0, 133.3, 129.0, 128.4, 126, 121.8, 115.9, 
72.6, 47.1; Elemental analysis: calcd for C23H19N3O4: C, 
68.82; H, 4.77; N, 10.47; O, 15.94%. Found: C, 68.83; H, 
4.72; N, 10.42; O, 15.90%.

3-{2-[4-(4-Nitrophenyl)-piperazin-1-yl]-2-oxo-ethyl}-
5,5-diphenyl-imidazolidine-2,4-dione (7): Melting 
point: 280-282°C; Yield: 58%; IR (KBr, vmax cm-1): 3,335 
(NH), 2,912 (-CH3 Str), 1,711(C=O), 1,635 (N-H Bend), 
1,545 (-NO2), 1,350 (-NO2), 1,290 (CN Str), 1,180; 
Mass: 500 (M + 1), 501 (M + 2); 1H NMR (CDCl3, 
300 MHz): δ 7.370-7.116 (m, 10H, 2Ph), 6.990-6.873 
(m, 4H, Ar-H), 5.906 (s, 1H, N-H, phenytoin), 4.060 
(s, 2H, -CH2-), 3.616-3.436 (m, 8H, Piperazine); 13C 
NMR (CDCl3): 169.1, 161.2, 150.6, 143.0, 137.9, 128.4, 
124.5, 114.0, 72.6, 57.4, 48.7, 45.3; Elemental analysis: 
calcd for C27H25N5O5: C, 64.92; H, 5.04; N, 14.02; O, 
16.01%. Found: C, 64.93; H, 5.05; N, 14.00; O, 16.02%.

3-{2-[4-(4-Fluorophenyl)-piperazin-1-yl]-2-oxo-
ethyl}-5,5-diphenyl-imidazolidine-2,4-dione (8): 
Melting point: 281-283°C; Yield: 62%; IR (KBr, vmax 
cm-1): 3,335 (NH), 2,912 (-CH3 Str), 1,711 (C=O), 1,638 
(N-H Bend), 1,350 (CN Str), 1,120 (C-F Str); Mass: 473 
(M + 1), 474 (M + 2); 1H NMR (CDCl3, 300 MHz): δ 
7.870-7.116 (m, 10H, 2Ph), 6.790-6.573 (m, 4H, Ar-H), 
5.986 (s, 1H, N-H, phenytoin), 4.380 (s, 2H, -CH2-), 
3.516-3.336 (m, 8H, Piperazine); 13C NMR (CDCl3): 
169.1, 161.2, 151.6, 140.1, 129.0, 128.4, 116.4, 114.0, 
72.6, 57.4, 48.7, 45.3; Elemental analysis: calcd for 
C27H25FN4O3: C, 68.63; H, 5.33; F, 4.02; N, 11.86; O, 
10.16%. Found: C, 68.64; H, 5.31; F, 4.03; N, 11.84; O, 
10.12%.

N - (4-chlorophenyl ) -2- (2 ,4-dioxo-5-phenyl -
oxazolidin-3-yl)-acetamide (9): Melting point: 
117-119°C; Yield: 55%; IR (KBr, vmax cm-1): 3,254 (NH), 
2,932 (-CH3 Str), 1,719 (C=O), 1,656 (N-H Bend), 790 
(C-Cl Str); Mass: 345 (M + 1), 346 (M + 2); 1H NMR 
(CDCl3, 300 MHz): δ 8.190 (s, 1H, NH, sec amide), 
7.587-7.260 (m, 4H, Ar-H), 7.235-6.116 (m, 5H, 1Ph), 
6.201 (1H, methine) 4.460 (s, 2H, -CH2-); 

13C NMR 
(CDCl3): 169.1, 168.2, 155.8, 138.9, 135.9, 129.8, 
129.4, 129.1, 121.8, 89.5, 46.2; Elemental analysis: 
calcd for C17H13ClN2O4: C, 59.23; H, 3.80; Cl, 10.28; N, 
8.13; O, 18.56%. Found: C, 59.20; H, 3.81; Cl, 10.25; N, 
8.15; O, 18.54%.

N - (2-chlorophenyl ) -2- (2 ,4-dioxo-5-phenyl -
oxazolidin-3-yl)-acetamide (10): Melting point: 
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114-116°C; Yield: 56%; IR (KBr, vmax cm-1): 3,245 (NH), 
2,911(-CH3 Str), 1,767 (C=O), 1,621 (N-H Bend), 778 
(C-Cl Str); Mass: 345 (M + 1), 346 (M + 2); 1H NMR: 
(CDCl3, 300 MHz): δ 8.090 (s, 1H, NH, sec amide), 
7.480 (s, 1H, O-H, Ar), 7.250-7.120 (s, 1H, m-H, Ar), 
7.197-7.019 (m, 5H, 1Ph), 6.945 (dd, 1H, p-H, Ar), 6.105 
(1H, methine), 4.460 (s, 2H, -CH2-); 

13C NMR (CDCl3): 
169.1, 168.2, 155.8, 141.2, 135.9, 129.8, 129.1, 127.4, 
126.8, 125.7, 125.5, 121.8, 89.5, 46.2; Elemental 
analysis: calcd for C17H13ClN2O4: C, 59.23; H, 3.80; Cl, 
10.28; N, 8.13; O, 18.56%. Found: C, 59.25; H, 3.80; 
Cl, 10.29; N, 8.16; O, 18.52%.

2-(2,4-Dioxo-5-phenyl-oxazolidin-3-yl)-N-(4-fluoro-
phenyl)-acetamide (11): Melting point: 150-152°C; 
Yield: 45%; IR (KBr, vmax cm-1): 3,314 (NH), 2,935 (-CH3 
Str), 1,726 (C=O), 1,645 (N-H Bend), 1,112 (C-F Str); 
Mass: 329 (M + 1), 330 (M + 2); 1H NMR (CDCl3, 300 
MHz): δ 8.117 (s, 1H, NH, sec amide), 7.620-7.450 (s, 
4H, Ar), 7.197-7.019 (m, 5H, 1Ph), 6.167 (1H, methine), 
4.460 (s, 2H, -CH2-); 

13C NMR (CDCl3): 169.1, 168.2, 
155.8, 136.4, 135.9, 129.8, 129.0, 122.0, 115.7, 89.5, 
46.2; Elemental analysis: calcd for C17H13FN2O4: C, 
62.19; H, 3.99; F, 5.79; N, 8.53; O, 19.49%. Found: C, 
62.16; H, 3.94; F, 5.72; N, 8.54; O, 19.42%.

2-(2,4-Dioxo-5-phenyl-oxazolidin-3-yl)-N-p-tolyl-
acetamide (12): Melting point: 150-152°C; Yield; 45%; 
IR (KBr, νmax cm-1): 3,343 (NH), 2,934 (-CH3 Str), 1,723 
(C=O), 1,645 (N-H Bend), 1,368 (C-H Bend); Mass: 
325 (M + 1), 326 (M + 2); 1H NMR (CDCl3, 300 MHz): 
δ 8.117 (s, 1H, NH, sec amide), 7.570-7.390 (m, 4H, 
Ar), 7.197-7.019 (m, 5H, 1Ph), 6.134 (1H, methine), 
4.298 (s, 2H, -CH2-), 2.307 (s, 2H, -CH3); 

13C NMR 
(CDCl3): 169.2, 168.2, 155.8, 137.8, 135.9, 133.3, 
129.8, 129.4, 129.0, 127.4, 120.3, 89.5, 46.2, 20.9; 
Elemental analysis: calcd for C18H16N2O4: C, 66.66; H, 
4.97; N, 8.64; O, 19.73%. Found: C, 66.60; H, 4.95; N, 
8.61; O, 19.72%.

2-(2,4-Dioxo-5-phenyl-oxazolidin-3-yl)-N-(4-
methoxy-phenyl)-acetamide (13): Melting point: 
152-154°C; Yield: 45%; IR (KBr, νmax cm-1): 3,323 (NH), 
2,956 (-CH3 Str), 1,722 (C=O), 1,609 (N-H Bend), 1,016 
(C-H Bend); Mass: 341 (M + 1), 342 (M + 2); 1H NMR 
(CDCl3, 300 MHz): δ 8.117 (s, 1H, NH, sec amide), 
7.620-7.420 (m, 4H, Ar), 7.197-7.019 (m, 5H, 1Ph), 
6.156 (1H, methine), 4.298 (s, 2H, -CH2-), 3.607 (s, 3H, 

-OCH3); 
13C NMR (CDCl3): 169.2, 168.2, 157.6, 155.8, 

135.9, 133.3, 129.0, 129.8, 127.4, 121.4, 114.3, 89.5, 
56.0, 46.2; Elemental analysis: calcd for C18H16N2O5: C, 
63.52; H, 4.74; N, 8.23; O, 23.51%. Found: C, 63.50; H, 
4.71; N, 8.24; O, 23.50%.

2-(2,4-Dioxo-5-phenyl-oxazolidin-3-yl)-N-(4-
hydroxy-phenyl)-acetamide (14): Melting point: 
152-154°C; Yield: 40%; IR (KBr, vmax cm-1): 3,578 
(OH), 3,323 (NH), 2,922 (-CH3 Str), 1,709 (C=O), 
1,628 (N-H Bend); Mass: 327 (M + 1), 328 (M + 2); 
1H NMR (CDCl3, 300 MHz): δ 8.117 (s, 1H, NH, sec 
amide), 7.620-7.460 (m, 4H, Ar), 7.197-7.019 (m, 5H, 
1Ph), 6.189 (1H, methine), 5.048 (brs, 1H, OH), 4.298 
(s, 2H, -CH2-); 

13C NMR (CDCl3): 169.2, 168.2, 155.8, 
152.9, 135.9, 133.3, 129.8, 129, 127.4, 121.8, 115.9, 
89.5, 46.2; Elemental analysis: calcd for C17H14N2O5: C, 
62.57; H, 4.32; N, 8.59; O, 24.52%. Found: C, 62.56; H, 
4.33; N, 8.55; O, 24.51%.

3-{2-[4-(4-Nitrophenyl)-piperazin-1-yl]-2-oxo-ethyl}-
5-phenyl-oxazolidine-2,4-dione (15): Melting point: 
98-100°C; Yield: 50%; IR (KBr, vmax cm-1): 3,354 (NH), 
2,909 (-CH3 Str), 1,723 (C=O), 1,644 (N-H Bend), 1,534 
(-NO2), 1,352 (-NO2), 1,278 (CN Str), 1,178; Mass: 425 
(M + 1), 426 (M + 2); 1H NMR (CDCl3, 300 MHz): δ 
7.2970-7.016 (m, 5H, 1Ph), 6.890-6.773 (m, 4H, Ar), 
6.209 (1H, methine), 4.102 (s, 2H, -CH2-), 3.706-3.536 
(m, 8H, Piperazine); 13C NMR (CDCl3):169.1, 155.8, 
150.6, 137.9, 135.9, 129.8, 129.0, 127.4, 124.5, 114.0, 
89.5, 57.4, 48.7, 44.4; Elemental analysis: calcd for 
C21H20N4O6: C, 59.43; H, 4.75; N, 13.20; O, 22.62%. 
Found: C, 59.40; H, 4.72; N, 13.21; O, 22.60%.

3-{2-[4-(4-Fluorophenyl)-piperazin-1-yl]-2-oxo-
ethyl}-5-phenyl-oxazolidine-2,4-dione (16): Melting 
point: 97-99°C; Yield: 53%; IR (KBr, vmax cm-1): 3,334 
(NH), 2,923 (-CH3 Str), 1,721 (C=O), 1,622 (N-H 
Bend), 1,333 (CN Str), 1,130 (C-F Str); Mass: 398 
(M + 1), 399 (M + 2); 1H NMR (CDCl3, 300 MHz): δ 
7.2970-7.016 (m, 5H, 1Ph), 6.790-6.573 (m, 4H, Ar), 
6.145 (1H, methine), 4.022 (s, 2H, -CH2-), 3.706-3.536 
(m, 8H, Piperazine); 13C NMR (CDCl3): 169.1, 155.8, 
140.1, 135.9, 129.8, 129.0, 114.7, 89.5, 57.4, 48.7, 44.4; 
Elemental analysis: calcd for C21H20FN3O4: C, 63.47; H, 
5.07; F, 4.78; N, 10.57; O, 16.10%. Found: C, 63.45; H, 
5.01; F, 4.72; N, 10.54; O, 16.11%.
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ABSTRACT: Essential oils of young and mature 
rhizomes, air-dried and steamed rhizomes, and seed 
rhizomes of Zingiber officinale Roscoe (ginger) were 
prepared, and their inhibition of filamentation by 
Candida albicans was examined. Ginger essential 
oils, and particularly those from seed and air-dried 
rhizomes, had potent inhibitory activity compared 
to ginger oleoresins obtained by ethanol and 
hypercritical carbon dioxide extraction and essential 
oils of 5 other plants in the family Zingiberaceae. 
Of the constituents, [6]-shogaol was most active 
against filament formation and growth of C. 
albicans, followed by citral and [6]-gingerol. Ginger 
oleoresin, and especially that obtained by ethanol 
extraction, with a high [6]-gingerol content exhibited 
potent scavenging activity against 1,1-diphenyl-2-
picrylhydrazyl radicals in comparison to essential 
oils of ginger and other Zingiberaceae plants.

Keywords: Essential oil, oleoresin, Z. officinale, 
[6]-gingerol, [6]-shogaol, citral, Candida albicans, radical 
scavenging activity

1. Introduction

Oral candidiasis is common in patients with AIDS, hypo-
salvation, and diabetes mellitus and in individuals with 
poor oral hygiene. Chemotherapy is usually effective 
at treating oral candidiasis but causes new problems 
clinically, such as frequent recurrence of the disease 
and the emergence of drug-resistant Candida strains. 
Therefore, new therapies such as oral administration of 
edible materials that have anti-Candida activity should 
be developed.
 Essential oil from rhizomes of Zingiber officinale 

Roscoe (abbreviated as ginger below) has been the 
subject of numerous studies worldwide. The oil has been 
reported to have stimulating action (1), anti-spasmodic 
action (2), immunomodulation (3,4), anti-inflammatory 
action (5), and other types of activity. However, there are 
relatively few reports on the oil's antimicrobial action, 
which is probably because of the weakness of that action 
(6). Most recently, essential oil of Alpinia galanga, a 
plant of the Zingiberaceae family, has been reported to 
have strong anti-microbial activity (7).
 The current study focused on the anti-Candida activity 
of ginger essential oil. Ginger oils were prepared using 
young and mature rhizomes and air-dried and steamed 
rhizomes, and their inhibition of filamentation and 
growth of C. albicans was determined. The anti-Candida 
activity of ginger oils was compared to that of 2 ginger 
oleoresins obtained by ethanol and hypercritical carbon 
dioxide (CO2) extraction and 5 other oils belonging to the 
family Zingiberaceae. These oils were plai (rhizomes of 
Z. cassumunar Roxb.), ginger lily (fl ower and leaves of 
Hedychium coronarium Koenig), kapurkachri (rhizomes 
of H. spicatum), gettou (leaves of Alpinia zerumbet 
B.L. Burtt et R.M. Sm.), and myoga (flower buds of Z. 
mioga). Plai is native to Indonesia, Thailand, and India 
and is used in folk medicine. Ginger lily is an erect 
shrub grown in the tropical and semi-tropical portions 
of India. It is cultivated for ornamental use and also for 
Chinese medicine. Kapurkachri is grown in mountainous 
areas of India and southern China and is used in Chinese 
medicine. Gettou is grown in tropical and subtropical 
regions and is known as wild ginger or bitter ginger. It is 
cultivated in Okinawa and the Ogasawara Islands of Japan 
for decoration. Myoga is a traditional Japanese vegetable 
with edible fl ower buds produced in the summer/autumn. 
Young ginger rhizomes are called "hashouga" in Japanese 
and are eaten raw in Japan.
 The current study sought to evaluate the anti-
Candida activity of ginger essential oil, and particularly 
its inhibition of fi lament formation by C. albicans, and 
to evaluate its scavenging activity against 1,1-diphenyl-
2-picrylhydrazyl (DPPH) radicals by comparing ginger 
essential oil to ginger oleoresins and other related 
essential oils.

Original Article DOI: 10.5582/ddt.2011.v5.5.238
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2. Materials and Methods

2.1. Essential oils, oleoresins, and chemicals

Young and mature ginger oils were obtained by steam 
distillation of fresh rhizomes collected from a farm 
in the Town of Shimanto, Kochi Prefecture, Japan 
in August and November 2010, along with the seed 
rhizome (propagation rhizome) connected to the fresh 
rhizome underground. Air-dried ginger oil was prepared 
from mature rhizomes dried for a week in the shade, 
and steamed oil was obtained from mature rhizomes 
after steam-heating for 2 h followed by drying. Myoga 
oil was prepared from fresh flower buds of myoga 
cultivated in the City of Suzaki, Kochi Prefecture, 
Japan in August 2009. Details of steam distillation were 
described in a separate paper (Inouye et al., submitted 
for publication).
 Ethanol oleoresin was prepared by two cycles 
of extraction of fresh mature rhizomes (231 g) with 
ethanol (300 mL). The first ethanol extract contained 
much of the rhizome's water content, and most 
constituents were extracted with the second extraction. 
Both extracts were combined and evaporated under 
reduced pressure to dryness to yield 290 mg of resinous 
oleoresin. 
 Plai oil prepared in Indonesia and ginger lily, 
kapurkachri oils, and CO2 oleoresin of ginger rhizomes 
prepared in India were supplied by Phyto-aroma 
Laboratories, Yokohama, Japan. Gettou oil prepared in 
Okinawa was supplied by Yumejin Limited, Okinawa, 
Japan. [6]-Gingerol, [6]-shogaol, citral, β-bisabolene 
and dextrose were purchased from Wako Pure 
Chemical Co., Ltd., Osaka, Japan. RPMI-1640 medium 
containing phenol red was obtained from Sigma 
Chemical, Ltd. (St. Louis, MO, USA). Calf serum 
was obtained from Thermo Trace, Ltd. (Melbourne, 
Australia). BactoTM Yeast Extract and BactoTM Peptone 
were purchased from Becton-Dickinson & Company 
(MD, USA). Alamar Blue was obtained from Trek 
Diagnostic Systems, Inc. (Cleveland, OH, USA).

2.2. Compositional analysis

GC/MS analysis of essential oils and oleoresins was 
performed using a Shimadzu QP-2010 instrument 
(Shimadzu, Kyoto, Japan) with a TC-5 column. 
Quantitative analysis was carried out using a Model 
353B GC instrument equipped with a TC-5 column 
and a hydrogen flame detector. GC conditions were as 
previously described (8). 
 HPLC analysis was carried out using a Waters 
Alliance instrument (Tokyo, Japan) coupled to a Waters 
ZQ MS ESI instrument with a mobile phase of 50 mM 
ammonium acetate (A), acetonitrile (B), and water (C) 
at a ratio of A:B:C = 10:10:80 (0-10 min, linear gradient 
fl ow) and 10:10:0 (10-20 min, fi xed fl ow). The fl ow rate 

was 0.4 mL/min at 30°C, and peaks were detected using 
UV absorption at 280 nm.
 [6]-Gingerol content was determined by HPLC 
using an authentic sample as an external standard and 
absorbance at 280 nm or MS intensity at m/z 293. The 
correlation coeffi cient was 0.9999 for 280 nm and 0.9983 
for m/z 293.

2.3. Assay of the inhibition of filament formation and 
growth of Candida albicans

C. albicans TIMM1678, a stock culture of  Teikyo 
University Institute of Medical Institute, was used in an 
inhibition assay. An assay of fi lamentation inhibition was 
carried out according to the method used by Abe et al. (9) 
and is briefl y described below.
 An essential oil or oleoresin was dissolved in DMSO 
in a series of two-fold dilutions. Each DMSO solution 
was diluted with RPMI-1640 medium so as to obtain a 
0.25% DMSO concentration for the fi nal assay medium. A 
sample (100 μL) and a fungal solution (500 cells/mL, 100 
μL) suspended in RPMI-1640 containing 2.0% calf serum 
were mixed in a 96-well flat microplate. The mixture 
was cultured at 37°C for 16 h. After the yeast form was 
washed out with distilled water, the fi lamentous form was 
stained with 0.02% crystal violet (10 μL) for 15 min. The 
dye adsorbed on the filamentous cells was eluted with 
isopropanol (150 μL) containing 0.25% dodecyl sulfate and 
0.04 N hydrochloric acid, and the extract's absorbance at 
620 nm was recorded. The rate of inhibition of fi lamentous 
formation was expressed as follows:

Rate of inhibition (%) = (1 – ODsample/ODcontrol) × 100, where 
ODsample is the optical density of a sample solution, and 
ODcontrol is the optical density of a control solution.

 The assay of growth inhibition was carried out using 
the same RPMI-1640 medium used for the assay of 
filamentation inhibition, and YPD medium (yeast 1%, 
peptone 2% and dextrose 5%) as previously reported 
(10). A sample solution in a series of two-fold dilutions 
containing less than 0.5% DMSO (100 μL) and a fungal 
suspension (2 × 103 cells/mL) in medium (100 μL) were 
mixed in the wells of a microplate. Alamar Blue (10 μL) 
was added when RPMI-1640 was used. The microplate 
was incubated at 30°C, and growth was stopped when a 
control well turned red in the event RPMI-1640 was used 
or absorbance at 620 nm exceeded 0.2 in of the event YPD 
was used. The minimum concentration needed for the 
well to remain blue was defi ned as the MIC. C. albicans 
TIMM1678 grows in both filamentous and yeast forms 
in RPMI-1640 medium, and turbidimetry was difficult. 
However, C. albicans TIMM1678 grows in the yeast form 
in YPD medium, and turbidimetry was used when that 
medium was used. When absorbance at 620 nm was 50% 
of the control, the IC50 value (minimum concentration to 
reduce the growth 50%) was obtained. At the same time, 
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at 540 nm was measured after 6 h using a multiscan 
photometer (Multiskan FC (Skanlt 3.1), Thermo Fisher 
Scientifi c Ltd., Yokohama, Japan). Relative scavenging 
activity (RSA) was calculated using the following 
equation:

RSA (%) = (1 – As/Ac) × 100, where Ac is the 
absorbance of a control sample, and As is the absorbance 
of a test sample. The EC50 value (effective concentration 
to decrease the initial DPPH concentration by 50%) was 
calculated.

3. Results

Table 1 shows the composition of essential oils, 
oleoresins, and ethyl acetate extracts from various 
forms of ginger rhizomes. The major constituent of 
essential oils was citral, which increased in the oils 
obtained from air-dried rhizomes and seed rhizomes. 
A particularly high percentage (70%) was noted in air-
dried specimens. In contrast, young rhizomes had the 
lowest content of citral and highest content of geranyl 

inhibition percentage at 4,000 μg/mL was recorded since 
the IC50 value could not be obtained for many oils because 
of their weak activity. 

2.4. DPPH radical scavenging assay

The detailed procedures for an assay of DPPH radical 
scavenging have previously been reported (11) and 
briefly described here. An essential oil or a pure 
compound was dissolved in ethanol in a series of two-
fold dilutions, starting at 4,000 μg/mL to 3.9 μg/mL. 
Eugenol and α-tochopherol were used as positive 
controls. Each ethanol solution (75 μL) was added to 
150 μL of 100 mM (0.012%) tri-(hydroxymethyl)-
aminomethane hydrochloride buffer (pH 6.5) in 50% 
ethanol in wells of a microplate (Multi Well Plate, 
Sumitomo Bakelite Co., Ltd., Tokyo, Japan). A DPPH 
solution (0.2 mg/mL) in ethanol (75 μL) was added 
to the mixture, and the microplate was covered with 
a plastic film (Sumitomo Bakelite Co., Ltd.), shaken 
vigorously with an agitator, and allowed to stand at 
room temperature in a dark room. The absorbance 

Constituenta

Zingiberene
Ar-curcumene
β-Bisabolene 
Farnesene
β-Sesquiphellandrene
Citralb 
Geraniol
Geranyl acetate
1,8-Cineole 
Camphene 
Sabinene 
[6]-Gingerol
[6]-Shogaol

Young (%)

  6.3
  1.3
  4.2
  0.3
  2.8
12.6
  8.6
45.0
  1.6
  0.1
  0.7

-
-

Mature (%)

17.1
  2.8
  6.8
  0.5
  5.9
24.9
  4.7
  6.7
  6.1
  3.1
  6.3

-
-

Seed (%)

14.2
  5.2 
  7.2 
  0.7
  6.4
46.0
  2.4
  0.2
  1.7
  0.6
  1.7

-
-

Table 1A. Compositions of essential oils

Air-dried (%)

  3.8
  1.9
  1.8
  0.2
  2.1
70.5
  1.7
  0.1
  0.8

-
  0.5

-
-

Steamed (%)

10.3
18.1
18.7
  7.0
14.1
  7.0
  1.9
  7.6

-
  0.8

-
-
-

Ginger oil (fresh rhizomes) Ginger oil (dry rhizomes)

Constituenta

Zingiberene
Ar-curcumene
Bisabolene
Farnesene
β-Sesquiphellandrene
Citralb

Geraniol
Geranyl acetate
1,8-Cineole
Camphene
Sabinene
[6]-Gingerol
[6]-Shogaol

EtOHc (%)

11.8
  4.2
  7.1
  0.4
  8.0

-
-
-
-
-
-

19.4
14.0

CO2
d (%)

27.1
15.1
11.8
  3.1
14.0

-
-
-

  1.8
  2.1
  2.3
  1.6
  0.6

Young (%)

28.8
  3.4
11.7
  0.3
10.8
  0.6
  2.8
  8.9
  2.3
  0.2
  0.6
  3.6

-

Table 1B. Composition of oleoresins and solvent extracts

Mature (%)

26.2
  6.0
10.8 
  1.3
10.3
  5.1

-
  0.2
  3.1
  5.3
  4.8
  2.9

-

Steamed (%)

30.4
  9.7
20.2
  3.3
14.8

-
-

  1.5
  0.2
  1.1
  1.1
  1.0
  6.5

Oleoresin Ethyl acetate extract

a Listed are constituents at levels of more than 3.0% in at least one oil, oleoresin, or extract; b Combined content from geranial and neral; c Oleoresin 
obtained by ethanol extraction; d Oleoresin obtained by supercritical carbon dioxide extraction.

Table 1. Composition of essential oils, oleoresins, and solvent extracts of ginger as determined by GC
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acetate. The lowest citral content was found in steam-
heated rhizomes.
 The next major constituents were sesquiterpenes 
consisting of zingiberene, β-sesquiphellandrene, 
β-bisabolene, and ar-curcumene while the sesquiterpene 
farnesene was a minor constituent. The steam-
heated sample had a higher content of ar-curcumene. 
1,8-Cineole, camphene, and sabinene were present as 
minor constituents. 
 A similar composition was noted for oleoresins 
and ethyl acetate extracts of ginger, with had five 
sesquiterpenes as major constituents. 1,8-Cineole, 
camphene, and sabinene were found to be minor 
constituents except in ethanol oleoresin, in which no 
monoterpene hydrocarbon was detected. However, 
oleoresins and ethyl acetate extracts had quite a low 
citral, geraniol, and geranyl acetate content; the extract 
of young rhizomes, however, had a relatively high 
geranyl acetate content.
 Gingerol and shogaol, two major pungent principals 
of ginger rhizomes, were not present in the essential oils 
but were present in the oleoresins and solvent extracts 
according to GC analysis. [6]-Gingerol was found 
to be a major constituent of ethanol oleoresin while 
[6]-shogaol was a minor constituent. Although ethanol 
oleoresin had a high percentage of [6]-gingerol, it 
contained many other compounds with a high molecular 
weight, such as stigmasta-4,22-dien-3-ol (C29), 
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clionasterol (C29), and other unidentified compounds. 
These less volatile constituents were detected by the 
QP-2010 GC/MS instrument but not by the 353B GC 
instrument. These high molecular compounds were not 
present in CO2 oleoresin. 
 Since some gingerol was converted to shogaol 
due to thermal decomposition during GC, HPLC 
analysis was performed to determine the [6]-gingerol 
content and relative ratio of gingerol and shogaol. 
As shown in Table 2, [6]-gingerol was found to be a 
major constituent of ethanol oleoresin while [8]- and 
[10]-gingerols were minor constituents. [6]-Shogaol 
content was 1/3 of the [6]-gingerol content in ethanol 
oleoresin. CO2 oleoresin prepared in India had a 
composition of gingerol and shogaol similar to that 
of ethanol oleoresin, although the concentration of 
[6]-gingerol was lower. Ethyl acetate extract of young 
and mature rhizomes contained only gingerols and no 
shogaol, but the [6]-shogaol content increased markedly 
in steam-heated rhizomes. 
 Table 3 shows the composition of the reference 
oils. Plai essential oil mainly consisted of sabinene 
(40.1%), terpinen-4-ol (24.8%), β-terpinene, p-cymene, 
γ-terpinene, and β-sesquiphellandrene. 1,4-Bis-
methoxy-triquinacene was detected only by the 
QP-2010 GC/MS instrument.
 The flower essential oil of ginger lily consisted 
mainly of sesquiterpenes such as 6-ethenyl-3-

Source

Ethanol oleoresin
CO2 oleoresin
Young rhizome extractb

Fresh rhizome extractc

Steamed rhizome extractd

[6]-Gingerol

46.9% (256.8)
  3.2% (115.5)
77.9%
65.2%
46.1%

[6]-Shogaol

15.1%
12.9%

-
-

25.6%

Table 2. Composition of gingerol and shogaol in ginger oleoresins and ethyl acetate extracts as determined by HPLC

[10]-Gingerol

12.2%
  7.3%

  -
10.9%
  8.6%

Relative percentage (concentration, μg/mg)a

[8]-Gingerol

  7.7%
  4.5%
22.1%
  6.4%
  7.1%

a Absorbance at 280 nm. [6]-gingerol content determined using m/z 293 was 284.2 μg/mg in ethanol oleoresin and 156.6 μg/mg in CO2 oleoresin;
b Ethyl acetate-ethanol extract from fresh young rhizomes; c Ethyl acetate extract from fresh mature rhizomes; d Ethyl acetate extract from steam-
heated and dried mature rhizomes.

Essential oil

Plai (rhizomes)

Ginger lily (flowers, leaves)

Kapukachri (rhizomes)

Gettou (leaves)

Myoga (flower buds)

Spearmint (leaves)
Tea tree (leaves)

Table 3. Composition of essential oils from plants belonging to the family Zingiberaceae except for ginger

Constituenta

Sabinene (40.1%), terpinen-4-ol (24.8%), β-terpinene (7.9%), p-cymene (4.5%), γ-terpinene (4.1%), 
β-sesquiphellanderene (3.0%), 1,4-bismethoxy-triquinaceneb

Methoxy-sesquiterpenec (32.4%), camphor (13.7%), germacra-trien-6-one (8.4%), 1,8-cineole (6.0%), 
furanosesquiterpened (6.1%), β-elemene (5.4%), camphene  (3.9%), borneol (3.5%)
1,8-Cineole (25.4%), agarospirol (10.6%), β-eudesmol (9.9%), cadina-1(10),4-diene (7.5%), β-elemol 
(5.8%), α-eudesmol (5.2%), cadina-1(11),4-diene (4.3%), α-cadinol (4.3%), cubenol (4.1%)
β-Phellandrene (25.5%), 1,8-cineole (17.3%), γ-terpinene (10.7%), p-cymene (10.1%), terpinen-4-ol 
(7.5%), β-pinene (7.2%), α-thujene (4.9%)
Eudesma-4 (14%), 11-diene (28.8%), β-elemene (26.5%), germacrene B (9.8%), β-eudesmol (4.0%), 
cycloundecatriene (4.0%), sabinene (3.5%)
Carvone (80.0%)
Terpinen-4-ol (39%)

a Constituents at levels of more than 3.0% are listed; b This constituent was detected only by GC/MS; c 6-Ethenyl-3-isopropyl-2-methoxy-6-
methyl-5-isopropyl-cyclohex-3-ene; d 6-Ethenyl-3,6-dimethyl-5-iopropenyl-tetrahydrobenzofuran.
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isopropyl-5-isopropenyl-6-methyl-2-methoxy-
cyclohexane (a  posi t ional  i somer  of  methyl-
elemol), germacra-trien-6-one, furanosesquiterpene, 
and β-elemene, along with monoterpenes such as 
1,8-cineole, camphene, and borneol. Kapurkachri oil 
mainly consisted of 1,8-cineole, β-eudesmol, elemol, 
and α-cadinol.
 Gettou oil obtained in Okinawa contained mainly 
monoterpenes such as β-phellandrene, 1,8-cineole, 
γ-terpinene, p-cymene, and terpinen-4-ol. Myoga oil 
consisted of sesquiterpenes such as eudesma-4,11-diene, 
β-elemene, germacrene B, and β-eudesmol. Spearmint 
and tea tree oils used as reference oils contained mainly 
(-)-carvone and terpinen-4-ol, respectively.
 Figure 1 illustrates the inhibition of filamentation 
by ginger oil, ethanol oleoresin, and major constituents 
(citral, [6]-gingerol, and [6]-shogaol) at 50 μg/mL. In 
contrast to the non-treated control with filamentous 
forms, ginger oil  from fresh mature rhizomes 
(Figure 1A) provided almost complete inhibition of 
filamentation, with only the yeast form appearing. 
Oleoresin (Figure 1B) inhibited both fi lament and yeast 
forms at a rate of 54.6%. Citral and [6]-shogaol (Figures 
1D and 1E) almost completely inhibited fi lamentation, 
and [6]-gingerol (Figure 1C) inhibited fi lamentation at a 
rate of 70.7%.
 Table 4 shows the anti-Candida activity of five 
ginger oils, along with two ginger oleoresins and 
seven reference oils. Ginger oils had potent inhibitory 
activity against fi lamentous formation by C. albicans. 
As is apparent from the IC50 and IC90, 5 ginger oils had 
4~8 times more potent than 2 ginger oleoresins and 
other oils belonging to Zingiberaceae family as well as 

reference oils. The IC50 value of ethanol oleoresin was 
50 μg/mL, those of CO2 oleoresin, ginger lillylily, and 
kapurkachri oils was 100 μg/mL. The remaining plai, 
spearmint, and tea tree oils had an IC50 of 200 μg/mL. 
Gettou oil was weakest, with an IC50 of 400 μg/mL.

Figure 1. Inhibition of fi lamentation by fresh rhizome oil 
(A), ethanol oleoresin (B), [6]-gingerol (C), [6]-shogaol (D), 
and citral (E) at 50 μg/mL.

Agents

Ginger oils
      Young 
      Mature 
      Seed 
      Air-dried 
      Steamed 
Ginger oleoresins
      CO2 extract
      Ethanol extract
Plai oil
Ginger lily oil
Kapurkachri oil
Gettou oil
Myoga oil
Spearmint oil
Tea tree oil
[6]-Gingerol
[6]-Shogaol
β-Bisabolene
Citral

Table 4. Anti-Candida activity of ginger oils, oleoresins, and other essential oils belonging to the family Zingiberaceae and 
constituents

IC50 (μg/mL)

      12.5
      12.5
      12.5
      12.5
      12.5

100
  50
200
100
100
400
100
200
200
  50

         6.25
400
  25

IC90 (μg/mL)

  50
  50
  25
  25
  50

200
100
400
200
200
400
200
400
400
100
  25

       > 400
  50

MIC (μg/mL)

      400
      400
      400
      200

nt

   > 800
      400
   1,600
> 3,200
> 3,200
   3,200

nt
   1,600
   3,200
   > 100
      100
   > 400
      200

Inhibition rate at 4,000 μg/mL (%)

75.9%
98.0%
97.8%
97.5%

nt

65.9%
70.3%
56.2%
39.9%
36.7%
48.8%

nt
43.9%
35.0%

nt
nt
nt
nt

IC50 (μg/mL)

   2,000
   2,000
   1,000
   1,000

nt

   2,000
   2,000
   4,000
> 4,000
> 4,000
   4,000

nt
> 4,000
> 4,000

nt
nt
nt
nt

Filament Growth (RPMI) Growth (YPG)

Inhibitory activity

nt: not tested.
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 Ginger oils had more potent inhibition of C. 
albicans growth than did other oils. Ginger oils from 
air-dried rhizomes had an MIC of 200 μg/mL in 
RPMI-1640 medium. Three other ginger oils had an 
MIC of 400 μg/mL. Ethanol oleoresin had activity 
comparable to that of mature and young rhizomes, 
while CO2 oleoresin and other oils were less able to 
inhibit growth compared to ginger oils. When the 
medium was changed from RPMI-1640 to YPD, the 
anti-Candida activity decreased considerably to an 
IC50 value of 1,000-2,000 μg/mL. Two oleoresins 
had comparable activity, but other oils, including the 
reference oils, had weaker activity.
 Table 5 shows the DPPH radical scavenging activity 
of essential oils and oleoresins, expressed as EC50 
values. Ethanol oleoresin from fresh ginger rhizomes 
exhibited potent activity as indicated by an EC50 of 
62.5 μg/mL, comparable to that of α-tochopherol. CO2 
oleoresin had an EC50 of 125 μg/mL, but 5 essential 
oils including ginger, plai, ginger lily, kapurkachri, 
and gettou oils had very weak activity ≥ 4,000 μg/mL. 
[6]-Gingerol alone had an EC50 of 7.8 μg/mL, which 
was comparable to that of eugenol but more potent than 
that of α-tochopherol. Essentially, citral had no activity 
under the conditions tested.

4. Discussion

4.1. Oil compositions
 
In the growing stage, geranyl acetate is reportedly 
converted to geraniol and then to citral (11). This may 
be the reason for the high geranyl acetate content in 
young rhizomes. Terpinen-4-ol was major constituent 
of young hydrosol but was not detected in the young 
rhizome oil, suggesting that terpinen-4-ol was mostly 
transferred to the aqueous layer by steam distillation. 
Citral content increased more in seed rhizome oil than 
in fresh rhizomes, which agrees with the literature (11). 
The high citral content in the air-dried rhizomes may 

be due to the increased production of citral during the 
drying process. Citral content is reported to increase 
during storage at 15°C (11).
 Oleoresins and ethyl acetate extracts had quite a low 
citral, geraniol, and geranyl acetate content. The low 
citral content in oleoresin in comparison to essential oil 
has been noted by other researchers (12). This suggests 
that citral and geraniol might be formed during steam 
distillation as a result of thermal decomposition. An 
increase in ar-curcumene to compensate for zingiberene 
in steam-heated rhizomes may be due to the thermal 
conversion of zingiberene (13). Lack of monoterpene 
hydrocarbon in ethanol oleoresin may be due, at least 
partly, to evaporation loss being accompanied by 
solvent distillation of ethanol and water.
 As the current study determined, plai oil had a 
composition similar to that of oils found in Indonesia 
(14) and Bangladesh (15).
 Ginger lily oil had a composition that differed vastly 
from that the composition reported in China, which 
included β-trans-ocimenone (28.05%) and linalool 
(18.5%) (16), suggesting a different chemo-type.
 Kapurkachri oil had a composition similar to that 
reported by Bottini et al. (17). However, agarospirol, 
cadina-dienes, and cubenol were detected only in the 
oil studied here. Kapurkachri from southern India had 
a considerably different composition, according to 
Sabulal et al. (18).
 Seasonal changes in the composition of gettou oil 
were studied in detail by Murakami et al. (19), and 
they reported that p-cymene, 1,8-cineole, and terpinen-
4-ol were major constituents. These results agree with 
those of the current study. Qing et al. reported that 
oil from the fl owers of myoga had a composition that 
included β-phellandrene, α-humulene, β-elemene, 
α-phellandrene, β-pinene, and β-caryophyllene (20). 
β-Elemene was found to be a common constituent, but 
other constituents were not found in the oil studied 
here.

4.2. Anti-Candida activity

Singh et al. reported that ginger oil had potent activity 
against Fusarium moniliforme but moderate or weak 
activity against other fungi and bacteria (12). They 
also stated that essential oil of ginger had more potent 
activity than did the corresponding oleoresin, which 
agrees with the current study. 
 Ginger oil is reported to have an MIC ranging from 
1,600-3,200 μg/mL (average: 3,100 μg/mL) against C. 
albicans (21); in the current study, the oil had an MIC 
of 1,000-2,000 μg/mL in YPD medium but an MIC 
of 200-400 μg/mL in RPMI-1640 medium. The larger 
MIC in YPD medium was probably due to the faster 
rate of growth. 
 Citral was dominant in ginger oils except for 
that from steam-heated rhizomes. Since citral itself 

Oil, oleoresin, constituent

Ginger oil (fresh mature rhizomes)
Plai oil
Ginger lily oil
Kapurkachri oil
Gettou oil
Ethanol oleoresin of ginger
CO2 oleoresin of ginger
[6]-Gingerol
Citral
Eugenol
α-Tochopherol

Table 5. DPPH radical scavenging activity of essential oils 
of Zingiberaceae plants, ginger oleoresins, [6]-gingerol, 
citral, and reference compounds

EC50* (μg/mL)

> 4,000
   4,000
   4,000
> 4,000
> 4,000

           62.5
      125

             7.8
> 4,000

             7.8
           62.5

* EC50: effective concentration to decrease the initial DPPH 
concentration by 50%.
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exhibited potent activity as shown in Table 4, it may be 
responsible for the oils' inhibition of fi lamentation and 
growth of C. albicans. β-bisabolene, one of the major 
sesquiterpenes in ginger oil, and β-caryophyllene had 
weak activity. Although they were not tested, other 
sesquiterpenes in ginger oil such as zingiberene did not 
appear to have signifi cant activity.
 Two oleoresins did not contain citral, and their 
inhibitory activity may be due to the potent activity 
by [6]-gingerol itself, as shown in Table 4. Ethanol 
oleoresin had a higher level of activity than did CO2 
oleoresin, which may be attributed to higher [6]-gingerol 
content as shown in Table 2. The inhibition of C. 
albicans growth by ginger oil has previously been 
reported (22), but inhibition of fi lamentation by ginger 
oil, oleoresin, or gingerol has not been reported. The 
mechanisms of inhibition of growth and fi lamentation 
may differ (23), and the inhibition of filamentation 
cannot not be predicted based on inhibition of growth.
 C. albicans displays dimorphism with yeast and 
filamentous, or hyphal, forms and its filamentous 
form causes candidiasis (24,25). Furthermore, the 
filamentous form contributes to biofilm formation at 
the infection site to disturb the action of antimicrobial 
agents (26). Since ginger oil inhibits filamentation as 
well as growth of the yeast form, it may have use as a 
mouthwash to prevent oral candidiasis.
 However, ginger oil had no significant DPPH 
radical scavenging activity. Instead, ginger oleoresin, 
and especially ethanol oleoresin, exhibited scavenging 
activity comparable to α-tochopherol. Since [6]-gingerol 
is an active pungent principal of ginger and is reported 
to have anti-oxidative (27) and anti-inflammatory 
activities (28), gingerol-rich oleoresin may provide 
protection from skin disorders and offer antioxidant and 
health benefi ts as a food additive.
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ABSTRACT: The aim of this study is to develop 
a microemulsion product from a plant essential 
oil having the highest anti-tyrosinase activity. The 
in vitro anti-tyrosinase activity of six essential oils 
extracted from six edible plants was compared. 
The oil of Cymbopogon citratus demonstrated the 
highest activity which was significantly nontoxic 
to normal human cells. The GC-MS data indicated 
that geranial and neral are the major compounds in 
the oil. The phase diagram composed of C. citratus 
oil, water, and surfactant mixture was conducted 
by a titration method. Ethyl alcohol was found to 
be the most suitable cosurfactant for the C. citratus 
oil microemulsion. The results revealed that the 
amount of oil and water played an important role 
in microemulsion conductivity and type. The most 
desirable o/w type of C. citratus oil microemulsion 
was found to be composed of 20% oil, 30% water, 
and 50% surfactant mixture of a 2:1 weight ratio of 
Tween 20 and ethyl alcohol.

Keywords: Cymbopogon citratus, antityrosinase, 
essential oil, microemulsion, plant

1. Introduction

Tyrosinase is  an enzyme involved in melanin 
production via an enzymatic oxidative pathway 
which is of considerable importance in the coloring 
of skin, hair, eyes, and in some food browning (1,2). 
Chemical agents that demonstrate anti-tyrosinase 
activity have been used in clinical medicine for the 
treatment of some dermatologic disorders associated 
with melanin hyperpigmentation (3), and are useful 
in cosmetic preparations and the food industry (4,5). 

Melanin production might be responsible for some of 
the histo-pathological features exclusive to malignant 
cancer. Therefore, anti-tyrosinase substances may 
be clinically helpful in dealing with skin cancer. In 
recent years, more attention has been paid to the use 
of natural products instead of chemical or synthetic 
compounds in order to be not only economical 
but also environmentally friendly as well as safe. 
Moreover, the exploration of green technology and 
of low cost raw materials is an important feature for 
the industry as well as for making improved use of 
plant resources. Recently, the anti-tyrosinase activity 
from the methanol and acetone extracts of certain 
plants has been reported (6). However, there is less 
data from essential oils of natural plants. Therefore, 
searching for plant essential oils which possesses high 
anti-tyrosinase activity is of interest. The attempt is 
to develop a suitable microemulsion from such oils 
would be benefi cial for pharmaceutical and cosmetic 
applications.
 A microemulsion is a thermodynamically stable and 
clear dispersion composed of two immiscible liquids, 
usually oil and water. Microemulsions have received 
increasing attention as drug delivery systems during 
the past several years because they have many potential 
characteristics suitable for pharmaceutical and cosmetic 
applications such as enhanced aqueous solubilization of 
lipophilic compounds, increased drug permeation rates, 
good thermodynamic stability, and ease of preparation 
(7,8). The immiscible lipophilic and hydrophilic liquids 
in microemulsions can be assembled into a one clear 
liquid phase system by using surfactant and cosurfactant 
(9,10). In most cases, the lipophilic liquids used for 
microemulsion are inactive or less biologically active 
oils. Research on plants have explored the potential 
of essential oils extracted from plants for anti-fertility 
(11,12), anti-antioxidant (13,14), anti-inflammatory, 
and antimicrobial activities (15-17). Recently the anti-
tyrosinase activity of rose, carnation, and hyacinth oils 
has been reported (18).
 In the present study, several edible essence plants 
believed by local people in Thailand to support 
skin whitening were collected. The anti-tyrosinase 

Original Article DOI: 10.5582/ddt.2011.v5.5.246



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2011; 5(5):246-252. 

activity of the essential oils extracted from these 
plants was compared. The microemulsion of the oil 
which possessed the highest activity was developed 
by using a phase diagram. The effect of oil, water, and 
surfactant quantity as well as the type of cosurfactant 
on the characteristics of the microemulsion was 
examined.

2. Materials and Methods

2.1. Plant materials and essential oil extraction

Six edible plant samples; Cymbopogon citratus, 
Eryngium foetidum, Ocimum canum, Alpinia galanga, 
Curcuma longa, and Curcuma zedoaria were collected 
from a local garden located in Chiang Mai, Thailand 
during June 2010. The plants were authenticated and 
the voucher specimens were deposited in the Herbarium 
of the Faculty of Pharmacy, Chiang Mai University, 
Thailand. The fresh aerial parts of C. citratus, E. 
foetidum, and O. canum and the fresh rhizomes of A. 
galanga, C. longa, and C. zedoaria were cut into small 
pieces and subjected to a hydro-distillation apparatus 
for 3 h using a Clevenger type apparatus to collect 
the oil. The essential oils were dried over anhydrous 
sodium sulfate and kept in light protected containers at 
4ºC until further experiments.

2.2. Chemicals and reagents

Mushroom tyrosinase and L-dopa were purchased from 
Fluka Chemical Co. (Japan). Ethyl alcohol, propyl 
alcohol, and butyl alcohol were obtained from Fisher 
Chemicals (Loughborough, UK). Dimethylsulfoxide 
(DMSO) was from Fisher Scientifi c (Leicestershire, UK). 
These reagents were of analytical grade. Polyoxyethylene 
sorbitan monolaurate (Tween 20) of pharmaceutical 
grade was purchased from Namsiang Co., Ltd. (Bangkok, 
Thailand). Other chemicals were of the highest grade 
available.

2.3. Determination of antityrosinase activity

Anti-tyrosinase activity of  the essential oils was 
determined using the modified dopachrome method 
with L-dopa as substrate (19). Assays were conducted in 
a 96-well microtitre plate. Test samples were dissolved in 
50% DMSO. Each well contained 40 μL of sample, 80 
μL of phosphate buffer solution (PBS) (0.1 M, pH 6.8), 
40 μL of tyrosinase (200 units/mL) and 40 μL of L-dopa 
(2 μM). The microplate reader was read at 450 nm. Each 
sample was accompanied by a blank that had all the 
components except L-dopa. Results were compared to a 
control consisting of 50% DMSO in place of the sample. 
The anti-tyrosinase activity of the oil samples expressed as 
percentage tyrosinase inhibition was calculated using the 
following equation.

% Inhibition = 100 × (Ac – As)/Ac

where Ac is the absorbance of  control and As is the 
absorbance of sample.

2.4. Cytotoxicity tests

The cytotoxicity of oil samples on normal human cells 
using peripheral blood mononuclear cells (PBMCs) 
was determined using a colorimetric technique and the 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay. PBMCs were plated in 96-well 
plates to obtain a cell concentration of 1 × 105 cells/
well. Serial dilutions of oils were added to the wells. 
The wells were incubated in a 37°C, 5% CO2 and 90% 
humidity incubator for 48 h. After the corresponding 
time, 15 μL of MTT at 5 mg/mL was added into each 
well in the 96-well plate and further incubated for 4 h 
in a 37°C, 5% CO2 and 90% humidity incubator. One 
hundred and seventy microlitres of medium with MTT 
was removed from every well and 100 μL DMSO 
was added to each well to extract and solubilize the 
formazan crystals by incubating for 20 min in a 37°C, 
5% CO2 incubator. Finally, the plate was read at 540 nm 
using an ELISA Reader. The percentage of cell viability 
was calculated by the following formula.

% Cell viability = 100 × (Ds – Dc)/Dc

where Ds is the OD of sample and Dc is the OD of 
control.

2.5. GC-MS analysis

The essential oil which showed the highest anti-
tyrosinase activity was subjected to GC-MS in order 
to analyze the components existing in the oil. The 
GC-MS analysis was performed on an Agilent 6890 
gas chromatograph coupled to electron impact (EI, 
70 eV) using an HP 5973 mass selective detector 
fi tted with a fused silica capillary column (HP-5MS) 
supplied by HP, Palo Alto, CA, USA (30.0 m × 250 
mm, i.d. 0.25 mm film thickness). The analytical 
conditions were; carrier gas: helium (ca. 1.0 mL/min), 
injector temperature: 260°C, oven temperature: 3 min 
isothermal at 100°C (No peaks before 100°C after 
fi rst injection), then at 3ºC/min to 188°C and then at 
20°C/min to 280°C (3 min isothermal), and detector 
temperature: 280°C. The programmed-temperature 
Kováts retention indices (RI) were obtained by 
GC-MS analysis of an aliquot of the volatile oil 
spiked with an n-alkane mixture containing each 
homologue from n-C11 to n-C27. Identifi cation of the 
compounds was based on a comparison of their mass 
spectra database (WILEY&NIST) and spectroscopic 
data. The percentage amount of each component 
was calculated based on the total area of all peaks 
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monooxygenase, widely distributed in microorganisms, 
animals, and plants, is an important enzyme implicated 
in melanin biosynthesis mainly using two distinct 
reactions of monophenolase and diphenolase activities 
(21,22). The overall activity of this enzyme can cause 
epidermal hyperpigmentation which leads to various 
dermatological disorders such as melasma, freckles, 
age spots, and skin cancer (23). Compounds having 
an anti-tyrosinase activity hence are, so far, the 
agents of interest in treatment and prevention of those 
dermatological disorders. The essential oils extracted 
by hydro-distillation of six different edible plants used 
in this study demonstrated their activity on inhibition 
of tyrosinase activity as shown in Figure 1. Among 
them, the oil of C. citratus displayed the strongest anti-
tyrosinase activity with an IC50 of 0.5 mg/mL followed 
distantly by C. longa, and A. galanga oils with an 
IC50 of 3.6 mg/mL as shown in Table 1. Compared to 
the other plant extracts previously reported (19) e.g. 
Etlingera littorali, E. rubrostriata, E. maingayi, and 
E. fulgens, the essential oil of C. citratus was more 
effective in tyrosinase inhibition than those plants. The 
essential oils of C. citratus, C. longa, and A. galanga 
hence were considered to be a group of high activity 
whereas the other three plant oils of O. canum, E. 
foetidum, and C. zedoaria in which the IC50 was higher 
were considered to be a low activity group. The three 
oils of the high potential group then were selected for 
further tests of cytotoxicity in order to interpret the 
safety to normal human cells.
 The cell viability of human peripheral blood 
mononuclear cells (PBMCs) could indicate the safety 
of the oil samples. In general, cell viability greater than 
80% after exposure to test samples is recognized as safe 
for human use (24). Figure 2 displays cell viability after 
contact with different concentration of the oils. The 
results demonstrate that after 48 h incubation with C. 
citratus, C. longa, and A. galanga oils, the cell viability 
was more than 80%. More importantly, it is noted that 
the cell viability after C. citratus oil exposure was 
constantly near 100% whereas that of C. longa and 
A. galanga oils was slightly decreased with higher oil 
concentration. This result indicates C. citratus oil is 
nontoxic to  human cells.
 According to the extremely highest anti-tyrosinase 
activity of C. citratus oil as well as its complete safety 
to human cells, this oil was considered to be the most 
effective in the inhibition of melanin formation and 
is suitable for further study. Prior to microemulsion 
development, the chemical composition of the oil was 
investigated by GC-MS. The result is demonstrated in 
Table 2. Twelve volatiles were identified, making up 
89.5% of the total composition. The majority of this 
oil was monoterpene which comprised up to 85.2%. 
The most abundant constituents were geranial (42.0%) 
and neral (32.1%). This finding was in accordance 
with the previous published data on C. citratus oils by 

obtained from the oil. The data obtained were used as 
a standard for further batches of the oil.

2.6. Construction of phase diagrams

The pseudo-ternary phase diagram of C. citratus oil 
was constructed using a water titration method (20). 
Tween 20 was mixed with different cosurfactants (ethyl 
alcohol, propyl alcohol, or butyl alcohol) at a weight 
ratio of 2:1 to obtain a surfactant mixture. For each 
phase diagram, the weight ratios of the oil and the 
surfactant mixture were varied as ratios of 1:9, 2:8, 3:7, 
4:6, 5:5, 6:4, 7:3, 8:2, and 9:1. These mixtures were 
titrated with water, under moderate agitation at ambient 
temperature. The phase boundary was determined by 
observing the changes of the sample appearance going 
from transparent to turbid. The experiment was done in 
triplicate. The pseudo-ternary phase diagram was drawn 
by SigmaPlot for Windows version 10.0. The samples 
were classifi ed as microemulsions when they appeared 
as a clear liquid.

2.7. Preparation and characterization of microemulsions

Several microemulsion formulas of C. citratus oil were 
developed by mixing the oil with other components 
presented in the microemulsion region of the most 
suitable phase diagram obtained with moderate agitation 
at ambient temperature. The microemulsions obtained 
were characterized for conductivity and microemulsion 
type.

2.8. Conductivity measurement

The electrical conductivity of the microemulsion 
was measured using a Cyberscan CON 11: hand-held 
conductivity meter (Eutech instruments, Singapore) 
using a conductivity/TDS electrode cell. The experiment 
was performed at 25 ± 1.0°C by dipping the electrode 
into the test sample until equilibrium was reached and 
the reading became stable. The performance was done 
in triplicate.

2.9. Microemulsion type determination

The type of microemulsion was judged by color 
diffusion using oil soluble sudan red and water soluble 
methylene blue solutions. If the red diffused faster than 
the blue, the microemulsion was the w/o type. On the 
contrary, if the blue diffused faster than red, it was the 
o/w type.

3. Results and Discussion

3.1. Antityrosinase activity and safety of the oils

It is known that tyrosinase, a copper-containing 
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Blanco et al. (25) that geranial and neral were the main 
compounds of this oil. It is known that geranial and 
neral are isomers of citral. Matsuura et al. (26) reported 
that the tyrosinase inhibitory activity of citrus essential 
oils was relative to the abundance of citral. Our result 
was similar to this report that geranial and neral were 
related to this activity. Therefore, it was considered that 
these two compounds might play an important role in 
anti-tyrosinase activity.

3.2. Phase diagram of microemulsion

The pseudo-ternary phase diagrams with three different 
cosurfactants (C2-C4 alcohols) are shown in Figure 
3. The transparent microemulsion region (ME) is 
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Figure 2. Cytotoxicity of the essential oils of C. citratus 
(A), C. longa (B), and A. galanga (C), on normal human  
PBMCs.

Figure 1. Effect of different oil concentrations of C. citratus (A), C. longa (B), A. galanga (C), O. canum (D), E. foetidum (E), 
and C. zedoaria (F) on inhibition of tyrosinase activity.

Scientific name

C. citratus
C. longa 
A. galanga
O. canum
E. foetidum
C. zedoaria

IC50 (mg/mL)

0.5
3.6
3.6
4.2
8.2

          10.2

Table 1. The IC50 of anti-tyrosinase activity of the essential 
oils
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presented in the phase diagrams. It is obviously seen 
that alcohols of C2-C4 had a different effect. This is 
in contrast to the findings reported by Alany et al. 
(27) where no distinct trends were observed in the 
homologous series of the alcohols. However, the effect 
of alcohols may be infl uenced by the oil and surfactant 
combination used in the pseudoternary system. Among 
the three alcohols used in the present study, C2 alcohol 
(ethyl alcohol) showed the largest ME. Ethyl alcohol 

is safe and widely used in skin products. Moreover, 
it was reported that ethyl alcohol could act as a skin 
enhancer (28). Hence, ethyl alcohol was considered to 
be the most suitable cosurfactant  for the C. citratus oil 
microemulsion. Therefore, it was selected to be used as 
a cosurfactant for the further study.

3.3. Preparation and characterization of microemulsions

In this study, three criteria were defined for the 
selection of microemulsion formulations from the 
developed phase diagrams; i) the percentage of oil 
should be more than 10%, ii) the type of microemulsion 
should be o/w, and iii) the amount of surfactant should 
be minimized. Because the ME in the pseudo-ternary 
phase diagram of C. citratus oil could be obtained 
using different amounts of oil, water, and surfactant 
in the system, eight formula compositions shown 
in Table 3 were prepared. The results revealed that 
all microemulsions obtained were clear with pale 
yellowish color solutions. The conductivity of each 
formulation was performed. It was found that high 
conductivity was obtained when the percentage of 
water was increased or when the oil was decreased. The 
dye solubility test is an excellent tool for determination 
of microemulsion type. In this study, the oil soluble red 
dye was not miscible with the o/w type but completely 
miscible with the w/o type whereas the water soluble 
blue dye demonstrated complete miscibility with 
microemulsions of the o/w type but not with the w/o 
type. The results showed that the o/w type could be 
obtained from the high conductivity microemulsion 
whereas in low conductivity microemulsions, the w/o 
type was observed. The result also indicated that when 
the conductivity of the system was above 40 μS/cm, 
the type of C. citratus oil microemulsion was reversed 
from w/o to o/w. Therefore, this conductivity value was 
considered to be a critical point of the microemulsion 
type. This value is slightly lower than previously 
reported by Yuan, et al. (29). However, this finding 
was in agreement with other authors that increasing 
the water fraction affected higher conductivity and o/w 
microemulsions were obtained (30). The present results 

Figure 3. Pseudo-ternary phase diagrams of C. citratus oil 
microemulsions (ME) with different cosurfactants; ethyl 
alcohol (A), propyl alcohol (B), and butyl alcohol (C).

Retention time (min)

  3.48
  4.07
  5.32
  5.75
  7.25
  7.55
  8.13
11.38
11.53
11.72
20.66
21.02

Table 2. Chemical compositions of the essential oil of C. 
citratus

Component

trans-β-Ocimene
n-Undecene
D-Camphor
(+)-Borneol
Neral
Geraniol
Geranial
Piperitenone oxide
Decaoic acid
α-Copaene
β-Maaliene
α-Cadinol
Total

Peak area (%)

  0.58
  1.4
  0.49
  0.35
32.07
  5.21
42.01
  2.25
  0.79
  1.4
  0.94
  2.04
89.53

Formulation

ME-1
ME-2
ME-3
ME-4
ME-5
ME-6
ME-7
ME-8

Table 3. The conductivity and emulsion type of various formulas of C. citratus oil microemulsions

Oil

10
10
10
20
20
30
30
40

Surfactant mixture

50
60
70
50
60
50
60
50

Water

40
30
20
30
20
20
10
10

Conductivity (μS)

98.47 ± 0.15
68.17 ± 0.06
45.33 ± 0.06
63.50 ± 0.10
41.37 ± 0.15
32.73 ± 0.06
26.30 ± 0.00
19.08 ± 0.04

Dye solubility test*

A
A
A
A
A
B
B
B

   Composition (w/w)

* A, Miscible with water soluble dye = o/w type; B, Miscible with oil soluble dye = w/o type.
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demonstrate that the increase in percentage of oil could 
lead the microemulsion type to be w/o. The results 
from Table 3 exhibited that the highest percentage 
of oil that could produce a o/w type microemulsion 
could be obtained from formula ME-4 and ME-5 with 
an oil content of 20%. However, ME-4 contained less 
surfactant that ME-5. Therefore, formula ME-4 was 
considered to be the most desirable microemulsion of C. 
citratus oil.

4. Conclusion

The essential oil of C. citratus demonstrated the highest 
anti-tyrosinase activity among six edible plant oils. The 
GC-MS indicated that geranial and neral are the major 
compounds in the oil. The safety data suggested that C. 
citratus oil can be a promising plant oil effective and 
worthy for development of a microemulsion for anti-
tyrosinase activity. The development of the C. citratus 
oil microemulsion indicated that ethyl alcohol was the 
best cosurfactant for the system using Tween 20 as a 
principle surfactant. The amount of oil and water in the 
formula played an important role on microemulsion 
conductivity and type. The most desirable formula for C. 
citratus oil microemulsion was composed of 20% oil, 
30% water, and 50% surfactant mixture of a 2:1 weight 
ratio of Tween 20 and ethyl alcohol.
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ABSTRACT: The purpose of this study is to 
character ize  D-cycloser ine  (DCS)  physico-
chemical properties to facilitate future formulation 
development of DCS for anxiety disorders. A 
stability-indicating HPLC assay method for the 
quantitation of DCS was developed and calibrated to 
be used for this study. The partition coefficient was 
determined and compared with the predicted value. 
The solution stability of DCS was studied under 
various pH (2-11.5) and ionic strengths of 10 and 20 
mM at physiological temperature of 37°C. The 250 
mg capsule was compounded to the nominal strength 
of 50 mg used for anxiety disorders. These capsules 
were then put under stability. The in vitro dissolution 
was also carried out at 37°C as per the United States 
Pharmacopeia (USP) guidelines. The partition 
coefficient value (Kp) determined for the DCS was log 
Kp = –2.89 ± 0.06 (n = 6). The pH-solution stability 
profile shows that DCS has maximum stability 
under alkaline conditions. The maximum rate of 
degradation was seen at pH of 4.7. The mean percent 
recovery of DCS from the capsules compounded 
to strength of 50 mg was 100.3 ± 1.4. The stability 
study of the reformulated capsules concluded that 
reformulated DCS is stable for at least one year at 
room temperature. The in vitro dissolution illustrates 
that all the DCS is released from the capsules in 10 
min. The present characterization of DCS study will 
serve as guidance for the future directions regarding 
the reformulation of DCS in order to be used in 
anxiety disorders.

Keywords: D-Cycloserine, HPLC, stability, pH-solution 
stability, anxiety, formulation, physicochemical properties

1. Introduction

D-Cycloserine (DCS), an FDA approved drug under the 
name Seromycin® (D-cycloserine capsules, USP, 250 mg), 
(R)-4-amino-1,2-oxazolidin-3-one, is a broad-spectrum 
antibiotic that is produced by a strain of Streptomyces 
orchidaceus and has also been synthesized (Figure 1). 
It is used as a second line treatment for tuberculosis. 
Besides of that, in vitro studies have demonstrated that 
DCS has a high affinity, high efficacy partial agonist 
with moderate specificity for strychnine-insensitive 
excitatory (GLY-B) glycine site of the N-methyl-D-
aspartate (NMDA) receptor (1,2). Based on its action on 
the NMDA receptors, recently this drug has been used 
on numerous clinical trials as an enhancer of exposure 
therapy for the treatment of anxiety disorders (3-8). DCS 
has been shown to facilitate exposure treatment and its 
consequential extinction learning and fear reduction in 
animal and human studies. Studies of acrophobia (fear 
of heights; (4)), social phobia/social anxiety disorder (3), 
and obsessive-compulsive disorder (9,10) have shown 
more rapid extinction learning and fear reduction with 
DCS when compared to placebo. 
 DCS first entered the market in 1952 and since the 
commercial introduction of DCS; very few studies have 
examined the physicochemical properties of this drug 
(11,12). Some of its physicochemical properties are 
listed in Table 1. In order to be used as an enhancer of 
exposure therapy for the treatment of anxiety disorders, 
the possibility of using this drug in different formulations, 
other than capsules, as well as using alternate routes of 
administration needs to be explored to maximize effi cacy. 

Original Article DOI: 10.5582/ddt.2011.v5.5.253

Figure 1. The structural formula of D-cycloserine.
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Very few studies have explored these possibilities. The 
application of DCS through the nose mucosa for delivery 
to the brain was done by Musumeci et al. (13). This drug 
is very hydrophilic in character and cannot easily pass 
through the blood-brain barrier. Thus the nasal delivery 
gives the advantage of delivering this drug to the CNS 
and eliminates the need for systemic delivery. In their 
study (13), DCS liposomes were formulated for nasal 
delivery. The stability of the fi nal formulation at different 
temperature (25, 37, and 60°C) and pH (5.0, 7.4, and 
9.0) was studied by these researchers. In another recently 
published study by the same group (14), the feasibility 
of using DCS loaded w/o nanocapsules for intranasal 
delivery was explored as well.
 DCS needs to be well characterized with the present 
technology before any new formulation can be developed 
for this compound. It is very important to know its 
stability under different conditions. These studies were 
done back in 1950s and 60s and investigated the stability 
of DCS at different pH values in aqueous solutions 
(12,15,16). The studies found that DCS is stable under 
alkaline conditions and is easily degraded under the acidic 
conditions. The conditions used for these studies and the 
analogues that resulted after degradation is inconsistent. 
No study so far has used a stability-indicating HPLC 
method to monitor the degradation peaks. The degradation 
peaks can be monitored easily by using an HPLC method 
and can help better understand the process of degradation. 
Knowing these conditions would be very important to 
further develop any formulation of DCS. Thus one of our 
objectives of this investigation is to study the effect of pH, 
ionic strength, and temperature on the stability of DCS 
using a stability indicating HPLC method.
 An important challenge in studies examining DCS 
efficacy as an enhancer of exposure therapy for anxiety 
disorders is identifying the doses that are associated with 
the highest therapeutic efficacy. DCS is commercially 
available as a 250 mg capsule. However on examining 
the eight clinical trial studies that use DCS in patients 
with anxiety disorders, a dose of 50 mg is commonly 
used. In order to give these doses to the patients, the 
250 mg capsule is reformulated to 50 mg capsules. It 
is very important to make sure that no degradation has 
taken place and the correct strength of DCS is being 
administered to the patient. Thus, in the present study, 
we have investigated the stability of 50 mg compounded 
DCS capsules and also analyzed the in vitro dissolution of 
these capsules.

2. Materials and Methods

2.1. Materials

D-Cycloserine was obtained from Research Products 
International Corp. (Mt. Prospect, IL, USA) and was 
used without further purification. All chemicals, buffer 
reagents, and solvents used were of analytical grade and 
were purchased from Fisher Chemicals (Fair Lawn, NJ, 
USA). HPLC grade water and acetonitrile were also 
purchased from Fisher Chemicals (Fair Lawn, NJ, USA) 
and used throughout this study. 
 Lactose and gelatin capsules size#3 used for the 
compounding in the present study were purchased from 
Professional Compounding Centers of America (PCCA, 
9901 South Wilcrest Drive, Houston, TX, USA) and are 
approved for human consumption. The DCS capsules 
(Seromycin®, 250 mg) used for compounding was 
procured from our local pharmacy and was purchased by 
the pharmacy from The Chao Center (Purdue Research 
Park, 3070 Kent Avenue, West Lafayette, IN, USA).

2.2. HPLC method for DCS analysis 

For the analysis of DCS in unknown samples, a stability-
indicating HPLC method for the separation and the 
detection of DCS in aqueous media was developed. 
All the chromatographic studies were performed on a 
Dionex Ultimate 3000 HPLC system connected with an 
absorbance detector. The separations were performed 
on Atlantis T3 C18 cartridge column (250 × 4.6 mm 
I.D., Waters Associates, Milford, MA, USA) with the 
column particle diameter of 5 μm. Column effl uents were 
monitored at the wavelength of 220 nm for a run time of 
5.0 min at the temperature of 30°C. For the mobile phase, 
90% of 10 mM sodium phosphate buffer (pH 7.5) and 
10% acetonitrile was used. The mobile phase was fi ltered 
and degassed before use. The fl ow rate was 0.75 mL/min 
with the injection volume of 10 μL.

2.3. DCS standard curve

The calibration of HPLC system was performed by 
constructing a standard curve using seven known 
concentrations of DCS. In order to prepare the standard 
curve, fixed amounts (25, 50, 100, 250, 500, 750, and 
1,000 μg/mL) of standard DCS were respectively 
added to the HPLC grade water and these samples were 
analysed by using the standardized HPLC conditions.
 Three quality control samples (30, 150 and 700 
μg/mL) were processed and each of these samples was 
analyzed three times (inter-day variation) on three different 
days (intra-days variation). These were labeled as LQC 
(30 μg/mL), MQC (50 μg/mL), and HQC (700 μg/mL). 
The accuracy was calculated at each concentration as 
the ratio of the measured concentration to the nominal 
concentration multiplied by 100%.
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Physicochemical parameter

Aqueous solubility
Partition coefficient
Molecular weight
Melting point
pH of saturated aqueous
solution

DCS values (16)

> 1 mg/mL
–1.631
102.09
147°C
5.5-6.5

ACD/PhysChem 
predicted values

1,000 mg/mL
–2.99
102.09
–
–

Table 1. Physicochemical properties of D-cycloserine
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 DCS samples were prepared in triplicate at a 
concentration of 500 μg/mL by dissolving it in the desired 
buffer in 25-mL type I clear glass vials (Wheaton Glass, 
Wheaton, IL, USA). The vials were then sealed with 
Teflon-coated butadiene stoppers and further covered 
with Parafilm® to minimize evaporation. Each of the 
vials was further wrapped with aluminum foil in order 
to protect from the light. Samples were stored in a static 
oven at 37°C and 1-mL samples were withdrawn, fi ltered 
and analyzed at 0, 1, 7, 15, 22, and 30 days, respectively.

2.7. Reformulation of 50 mg DCS capsules

Seromycin® (D-cycloserine) is available as a 250 mg 
capsule and was compounded to the nominal strength 
of 50 mg per capsule using standard compounding 
techniques following the USP (Chapter <1075>) and 
GMP guidelines. The capsules were manually filled 
using ProFill 100 Capsule Filling Machine (Capsugel, 
535 North Emerald Road, Greenwood, SC, USA), which 
can fill 100 capsules at one time. At least six capsules 
were withdrawn from a batch of 100 capsules and were 
tested for weight variation test as per the USP guidelines 
(Chapter <905>) on uniformity of dosage units. For the 
assay analysis, three capsules were randomly withdrawn 
from the batch of compounded capsules and were assayed 
for the active content by the stability indicating HPLC 
procedure as outlined above. 

2.8. In vitro dissolution of DCS capsules

In vitro dissolution is one of the most important tools 
that should be carried out in order to predict the in vivo 
performance of any dosage form. The in vitro dissolution 
was carried out at 37°C using Distek Dissolution System 
2100C (Distek, Inc., North Brunswick, NJ, USA) as per 
the USP 32 guidelines. The dissolution media used for the 
studies was phosphate buffer (pH 6.8) and was prepared 
as per the USP guidelines. The USP dissolution Apparatus 
I set at speed of 100 rpm with 900 mL of buffer was used 
for this study. Both, 50 and 250 mg capsules of DCS were 
used for the dissolution study.
 Samples (10 mL) of dissolution medium were 
removed at regular time intervals for up to 30 min. 
An equal volume of dissolution medium at 37°C was 
added to maintain a constant volume. The samples were 
prepared and the drug concentration was quantifi ed by the 
standardized HPLC method outlined above. Six capsules 
were used for this study to make the data statistically 
significant and this experiment was repeated on three 
different days. 

2.9. Data analysis

Statistical analysis was performed using Student's t-test 
or Two Way ANOVA. p < 0.05 was indicative of a 
signifi cant difference.

 The limit of quantitation (LOQ) of the method 
was defined as the lowest concentration that could be 
quantitatively determined with an acceptable precision 
and accuracy. The acceptable limits were defined as 
accuracy of 80-120% and precision of ≤ 20%. 

2.4. Stability-indicating assay and validation

The suitability of the present HPLC conditions to be 
used as a stability-indicating method was tested by 
forced degradation of DCS. The forced degradation 
of all the samples was performed at an initial drug 
concentration of 500 μg/mL and was done under acidic 
and alkaline conditions. Acid hydrolysis was performed 
in a solution of pH of 1.5 adjusted with 1 M HCl 
and alkaline condition was carried out at pH of 12.5 
adjusted with 1 M NaOH. Each of these two extreme 
pH solutions was prepared in triplicate. All the solutions 
were heated at 90°C for at least 4 h and the samples 
were withdrawn every hour. In order to see the effect 
of light, a standard concentration was also prepared 
and was stored at room temperature under normal 
fluorescent light. Each sample was analysed by HPLC 
using the standard conditions as explained above. 

2.5. Determination of partition coeffi cient

The partition coefficient of DCS was determined in 
octanol against water. Water saturated with octanol was 
prepared by equilibrating 5 mL each of octanol and water 
by gentle stirring for 24 h using wrist action shaker (Model 
75, Burrell Scientific, Pittsburgh, PA, USA) at room 
temperature. This solvent mixture was allowed to settle 
for 2 h and then 5 mg of DCS was added to this mixture 
in a 50 mL tube. The tube was again shaken using 
wrist action shaker for 24 h and was then left at room 
temperature for at least 2 h. A sample of 500 μL was 
taken from both the organic and aqueous phase for HPLC 
assay. The partition coefficients were then calculated as 
the ratio of the tested compound concentration in organic 
to that in the aqueous phase. The same procedure was 
followed by replacing the water phase with phosphate 
buffer saline (PBS, pH 7.4).

2.6. pH-solution stability 

The stability study was designed as per a previous study 
done by Claudius et al. (17) on vancomycin with some 
modifi cations. DCS solution stability was analyzed under 
various pH (2.0-11.5) and ionic strength (10-20 mM) 
conditions at physiological temperature of 37°C. The 
buffers used for this study were as follows: 0.01 N HCl (pH 
2.0), acetate (pH 4.7), phosphate (pH 7.0), Tris-HCl (pH 
8.5), and phosphate (pH 11.5). The ionic strength was held 
constant at each buffer concentration by adjusting with 
sodium chloride. In addition, the stability was also analyzed 
in simulated gastric (SGF) and intestinal (SIF) fl uids. 
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3. Results 

3.1. Standard curve and method validation

The chromatogram of DCS standards shows a peak at 
retention time of 3.5 min (Figure 2). A blank sample 
was also injected to the HPLC system and no peak was 
observed from this sample. As shown in Figure 3, a good 
linearity was exhibited in the concentration range (25-750 
μg/mL) by using the presently developed HPLC method. 
The average coefficient of determination of 0.99 was 
observed for the standard curve. The slopes of the curves 
illustrated an excellent agreement with coefficient of 
variability. 
 The % R.S.D. values for intra-day precision study 
were < 1.0% and for inter-day study were < 2.0%, 
confi rming that the method was suffi ciently precise. An 
acceptable precision and accuracy was acquired by this 
method for all the standards and quality controls based on 
the recommended criteria (18). The percentage recovery 
of DCS using the present HPLC method was also 
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calculated from the peak areas obtained. As shown from 
the data in Table 2, an admirable recovery was obtained 
at each of the added concentration. In accordance to the 
offi cial requirements the limit of quantitation (LOQ) for 
the present method was 30 μg/mL.

3.2. Stability-indicating HPLC method characterization

One of our major goals was to develop a stability-
indicating method for the detection of DCS. As 
soon as the DCS was added to a low pH solution, a 
significant degradation was observed. As per Figure 
4A, a degradation peak was seen at the retention time 
of 3.39 min and there was a signifi cant decrease in the 
DCS peak after adding DCS to low pH (1.5) solution 

* Coeffi cient of Variation. # Relative Error.

Concentration 
added (μg/mL)

  30
150
700

Concentration
obtained (mU/mL)

          0.336
          3.24
          9.59

RE#

(%)

6.6
2.8
1.6

CV*
(%)

6.24
2.76
0.57

Recovery
(%)

106.7
102.3
101.5

Table 2. D-Cycloserine HPLC assay precision and 
accuracy (n = 9)

Figure 2. A representative HPLC chromatogram of 
D-cycloserine.

Figure 3. A standard curve for the HPLC assay of 
D-cycloserine.

Figure 4. Chromatograms of D-cycloserine subjected to 
accelerated degradation at low pH of 1.5 after heating at 
90°C for (A) 0 h; (B) 1 h; (C) 2 h; and (D) 4 h. The samples 
were analyzed by HPLC described above.
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of water. As compared to the standard, the peak area 
of DCS decreased to around 60%, thus there was 
at least 40% degradation of DCS at this pH. After 
heating this solution at 90°C at low pH for 1 h, one 
more degradation product was seen on HPLC analysis 
(Figure 4B). In addition to the already observed 
degradation product 1 (deg1), observed at 3.38 min, 
another degradation product (deg2) was also seen at the 
retention time of 3.28 min. As seen in Figure 4C, after 
2 h at 90°C, no peak due to deg1 was seen and only 
one peak of deg2 product was seen and the peak area 
of this product was more than double as compared to 
the peak area observed at 1 h (increased from around 
50 mAU*min to around 140 mAU*min). After heating 
for 4 h, the deg2 peak decreased to half as compared to 
the peak area observed at 2 h (from peak area of around 
140 mAU*min to around 70 mAU*min) as displayed in 
Figure 4D. 
 Under alkaline conditions, upon heating the DCS 
solution at 90°C, no signifi cant change (t-test, p > 0.05) 
in peak area was observed for up to 3 h. Under these 
conditions, a reduction in peak area of DCS to around 
86% was seen after 4 h. This peak further decreased 
to around 80% after 2 days and then to around 58% 
after 5 days. Standard samples were also prepared in 
distilled water and were subjected to high temperature 
of 90°C. No significant degradation (t-test, p > 0.05) 
was seen until 3 h. After 24 h, the peak decreased to 
around 60% and then further decreased to 46% after 2 
days. 
 The DCS was observed to be light-sensitive as well 
because there was a decrease to around 88% of the 
initial concentration after 24 h when DCS was exposed 
to normal fl uorescent light. From day one onwards, the 
decrease in DCS amount shows first-order degradation 
rate (data not shown). Thus all the DCS samples for our 
future studies were protected from light.

3.3. Partition coeffi cient

In our study, the partition coefficient value (Kp) 
determined for the DCS was logKp = –2.89 ± 0.06 
(n = 6) for octanol against water. The log Kp value 
when PBS was used as an aqueous phase was –2.94 
± 0.06 (n = 6). LogKp and other physicochemical 
constants were predicted by using ACD/PhysChem 
software (ACD/Labs, ver. 12.01, Advanced Chemistry 
Development, Inc., Toronto, ON, Canada, 2010) and 
the predicted values are reported in Table 1. The logKp 
value calculated by our studies is very close to this 
value. The logKp value is not very well reported in 
the literature and very few studies that do report this 
value do not cite a reference to substantiate the study 
carried out to determine this value. To date this is the 
only study where an actual analysis is done to measure 
the partition coeffi cient value and compare it with the 
predicted value.

3.4. pH-solution stability

As per the pH-solution stability profi les at different pH 
values (Figure 5), DCS shows extensive degradation 
at acidic pH values of 2.0 and 4.7. At both these pH 
values, the degradation was buffer ionic concentration 
dependent and there was a signifi cant increase (t-test, p 
< 0.05) with the increase in buffer ionic concentration. 
At the neutral pH of 7, the degradation was not as rapid 
as observed at the acidic pH values. The DCS degraded 
to around 10% of the initial concentration in one week. 
No significant effect (t-test, p > 0.05) of buffer ionic 
concentration on the degradation of DCS was seen at 
the neutral pH. At slightly basic pH of 8.5, DCS shows 
a better stability and the effect was buffer concentration 
dependent as well. DCS shows signifi cantly higher (t-test, 
p < 0.05) degradation at lower buffer concentration of 10 
mM as compared to 20 mM. The minimum degradation 
of DCS was observed at the highly basic pH of 11.5. At 
this pH, no signifi cant change (t-test, p > 0.05) in DCS 
concentration was observed over a period of 30 days and 
this effect was seen at both the buffer concentrations. 
These studies were carried out at an ambient temperature 
of 37°C. In our forced degradation study carried out at 
90°C, the highly basic solution of DCS (pH 12.5) shows 
maximum stability under these adverse conditions as 
well. 

3.5. Reformulation of 50 mg DCS capsules

The reformulated DCS capsules were stored under the 
standard conditions of room temperature (between 22 
and 25°C) and three capsules samples were withdrawn 

Figure 5. D-Cycloserine pH-stability profiles at 10 mM 
and 20 mM.
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for analysis at 0 day, 7 days, 15 days, 30 days and after 
every month until 12 months after this. 
 The weight variation test confirms to the limits as 
set by the USP. The percent recovery of DCS from 
the capsules was 100.3 ± 1.4 using this method. The 
stability of reformulated capsules has been done until 1 
year and they contain at least 90% of the initial amount 
of DCS and thus are stable for at least 1 year at room 
temperature.
 Our in vitro dissolution results show that all the 
DCS is released within 10 min from a 50 mg capsule 
(Figure 6). From a 250 mg capsule it takes at least 20 
min for all the DCS to be completely released from the 
capsule. 

4.  Discussion

Cycloserine is degraded to serine and hydroxylamine 
and is relatively stable to alkali. Based on previous 
degradation studies, mild acid hydrolysis results in 
D-serine and hydroxylamine, while on prolonged 
hydrolysis DL-serine and hydroxylamine are formed 
(15). These were the fi rst studies to report the hydrolysis 
of DCS. Prior to this, other researchers did carry out 
the degradation of DCS under different conditions (15). 
All these studies did observe the high stability of DCS 
under alkaline conditions as compared to the acidic 
conditions, but still the conditions that were used and 
the analogues that resulted were inconsistent. No study 
so far has used a stability-indicating HPLC method to 
monitor the degradation peaks. 
 The parent drug stability test guideline Q1A (R2) 
issued by International Conference on Harmonization 
(ICH) suggest that stress studies should be carried 
out on a drug to ascertain its inherent stability 
characteristics (19). A proper identification of 
degradation products would hence support the 
suitability of the proposed analytical procedures. It 
also requires that analytical test procedures for stability 
samples should be stability-indicating and be fully 
validated. In order to analyze the concentration of DCS, 
a stability-indicating HPLC method was validated and 

used for the present study. The present HPLC method 
meets all the acceptance criteria and was sensitive and 
reproducible enough for the acceptable study of DCS 
in unknown samples. As reported by Trissel (20), the 
failure to recognize the degradation products is the most 
common point that leads to erroneous reporting of the 
data on the stability studies. The present HPLC method 
does identify DCS and its degradation products based 
on the chromatograms of forced degradation of DCS. 
Thus, we can say that the present method is suffi ciently 
specific to the drug and can simultaneously analyze 
DCS and its degradation products in a sample. 
 A drug's partition coefficient dictates the ease 
with which the drug reaches its intended target in the 
body, the potency of therapeutic response and also the 
transit time of the drug in the body. Thus the partition 
coefficient value can have a direct impact on both 
pharmacodynamics and pharmacokinetics of the drug. 
It is due to this fact that for any drug molecule, it is 
imperative to know this value. 
 DCS has good water solubility (as shown in Table 
1) and based on its logKp value it can be concluded 
that this drug is mainly hydrophilic in character. Owing 
to the hydrophobic nature of the skin and its role as 
a barrier for keeping unwanted substances out of the 
body, it would be challenging to deliver a hydrophilic 
compound like DCS through topical route. Thus before 
any topical delivery system can be developed for DCS, 
it is very important to consider the use of an active 
delivery system to breach the skin barrier or other 
epithelial barriers, thereby allowing the drug to be 
absorbed in therapeutic amounts.
 The degradation rate of DCS is adequately described 
by a pseudo first-order kinetic model for all stability 
samples except for pH 4. First order degradation rate 
constants for all the samples are included in Table 
3 and have been estimated from the slopes of their 
corresponding log-linear plots. Extensive degradation 
was seen at pH value of 4 and fi ts into more complex 
second-order equation. The correlation coefficient for 

pH

2
4

7
   8.5
  11.5

 2
4

7
  8.5
 11.5

SGF
SIF

Order of reaction

First
          Second

First
First
First

First
          Second

First
First
First

First
First

Buffer

10 mM

20 mM

–

Observed rate 
constant (day-1)

      1.9345
   k1 = 0.1601
   k2 = 7.567

      1.0334
      0.4989
      0.1793

      0.6508
   k1 = 0.1876
   k2 = 8.037

      1.3049
    0.401

      0.1987

      1.2237
      1.6321

r2

0.98
0.99

0.99
0.96
0.94

0.93
0.94

0.99
0.91
0.95

0.98
0.98

Table 3. Degradation rate constants of D-cycloserine at 37°C

Figure 6. In vitro release profi le of D-cycloserine from 250 
and 50 mg capsules (n = 6).
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second-order at this pH was observed to be 0.99 and 0.94 
at buffer concentrations of 10 and 20 mM, respectively. 
 From this data, the pH of maximum stability 
appears to be alkaline pH of around 11.5. There was 
no ionic catalysis observed in the samples from buffer 
concentrations of 10 to 20 mM based on analysis of 
variance (ANOVA) at pH values of 7, 8.5, and 11.5. 
A probability level of p = 0.05 or greater indicates 
that no significant difference exists between the 
degradation rate constants estimated at 10 and 20 mM 
buffer concentrations. At pH of 2.0, a higher rate of 
degradation was observed at higher ionic strength of 20 
mM as compared to 10 mM. From the plot of log Kobs 
versus pH (Figure 7), it is very clear that the reaction 
is primarily catalyzed by H+ ion. DCS shows very 
minimal or no degradation at high pH and thus is not 
catalyzed by OH– ion. 
 The dose of 50 mg is being used on all the clinical 
trials for anxiety disorders. In order to give a dose 
of 50 mg to the patients, the 250 mg capsule is 
reformulated to a 50 mg capsule. Currently, there are no 
pharmaceutical studies investigating the reformulation 
of DCS to a nominal strength. Thus, it is very 
important to monitor the stability of these reformulated 
capsules. Based on our results, these capsules do show 
appreciable stability at room temperature for 1 year. 
The in vitro dissolution illustrates that all the DCS 
is released from the capsules in 10 min. From 50 mg 
reformulated capsules there would be a significant 
loss of DCS before it can reach systemic circulation 
mainly because of the acidic pH in the stomach. This 
loss should be taken into consideration when 50 mg 
capsules are used through oral route. Also there is an 
issue of timing of administration of the current oral 
formulation. Using the capsules the systemic level of 
DCS fl uctuates, which creates particular problems with 
the timing of administration. In some studies the DCS 
is administered before the session (from 30 min to 2 
h), while in other studies DCS is administered after 
the session. Thus a formulation of DCS needs to be 
developed which can sustain the amount of DCS to a 
desired level for appreciable period of time, eliminating 
the conundrum of timing.

5. Conclusion

A stability-indicating method was developed, which 
separates all the degradation products formed. Based 
on the partition coefficient value –2.89, it can be 
established that DCS is primarily hydrophilic in 
character. The pH-solution stability profi le shows that 
DCS shows maximum degradation at pH value of 4.7 
and was very stable under highly alkaline conditions. 
The degradation was observed to be independent of 
ionic strength of buffer, except for pH of 2.0. The 
in vitro dissolution of these 50 mg strength DCS 
capsules illustrated that all the DCS is released from 
the capsules in 10 min. Significant degradation of 
DCS was observed at the acidic pH; accordingly we 
can conclude that there will be a significant loss of 
the orally administered DCS before it can reach the 
systemic circulation. Future directions' regarding the 
reformulation of this drug to maximize its efficacy 
should be explored.
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