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Sweetgum trees are large, deciduous trees found in Asia and North America. Sweetgum trees are important resources for 
medicinal and other beneficial compounds. Many of the medicinal properties of sweetgum are derived from the resinous 
sap that exudes when the outer bark of the tree has been damaged. The sap, known as storax, has been used for centuries 
to treat common ailments such as skin problems, coughs, and ulcers. More recently, storax has proven to be a strong 
antimicrobial agent even against multidrug resistant bacteria such as methicillin-resistant Staphylococcus aureus. In addition 
to the sap, the leaves, bark, and seeds of sweetgum also possess beneficial compounds such as shikimic acid, a precursor 
to the production of oseltamivir phosphate, the active ingredient in Tamiflu®–an antiviral drug effective against several 
influenza viruses. Other extracts derived from sweetgum trees have shown potential as antioxidants, anti‑inflammatory 
agents, and chemopreventive agents. The compounds found in the extracts derived from sweetgum sap suppress 
hypertension in mice. Extracts from sweetgum seeds have anticonvulsant effects, which may make them suitable in the 
treatment of epilepsy. In addition to the potential medicinal uses of sweetgum extracts, the extracts of the sap possess 
antifungal activity against various phytopathogenic fungi and have been effective treatments for reducing nematodes and 
the yellow mosquito, Aedes aegypti, populations thus highlighting the potential of these extracts as environment-friendly 
pesticides and antifungal agents. The list of value-added products derived from sweetgum trees can be increased by 
continued research of this abundantly occurring tree.
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INTRODUCTION

Liquidambar is a genus of  trees, commonly called sweetgum, 
which derives its name from the brown sap produced by 
these trees which, if  left to harden, can be made into chewing 
gum. This deciduous tree is recognized by the quarter sized, 
spiny, woody seedpods it produces. There are four species 
of  sweetgum including Liquidambar orientalis L. (L. orientalis), 
Liquidambar formosana Hance (L. formosana), Liquidambar styraciflua 
L. (L. styraciflua), and Liquidambar acalycina (L. acalycina) worldwide. 

However, only L. styraciflua is native to North America where it 
has a widespread distribution across the southeastern United 
States. It grows as far north as Connecticut, ranges south up to 
Florida, and west as far as Texas. The trees also grow in Central 
America from Mexico to Panama.[1] Sweetgum trees grow at a 
moderate rate and can reach heights of  65-70 feet (20 meters), 
some in excess of  100 feet (30 meters). The trees have straight 
trunks, and the crown is pyramid-shaped ranging more than 
40-60 feet wide (12-18 meters) that becomes more oval as the 
tree ages. The leaves of  the sweetgum tree are palmate with 
five lobes and are green in the spring and summer but turn an 
attractive purple, red, or yellow in the fall. Their brilliant fall 
colors, moderate growth rate, and resistance to most pests make 
the ornamental sweetgum trees a desirable choice for many 
landscapes or parks. However, the tree’s spiny seedpods can 
litter lawns in the fall making mowing difficult. The subspecies 
L. styraciflua ‘Rotundiloba’ is an exception, as it does not produce 
seedpods. The roots of  a sweetgum tree have also been known 
to lift sidewalks if  planted too closely.[2]

Although sweetgum trees have attracted widespread use in 
landscaping, most sweetgum trees are found growing as a 
volunteer species among commercial pine forests that are 
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cultivated for the softwood lumber and pulpwood industries. 
Sweetgum trees can grow in a wide range of  soil types but they 
grow best in bottomland areas.[3] Sweetgum trees spread quickly 
and will re-sprout from stump or root after they have been cut.[4] 
After logging or burning, the sweetgum sprouts can reach a 
height of  nearly 5 feet within a year, whereas sweetgum seedlings 
take three to five years to reach the same height.[5] Sweetgum 
trees, along with other hardwoods, such as oaks (Quercus ssp.), 
elms (Ulnus spp.), maples (Acer spp.), and dogwoods (Cornus 
spp.) are considered to be competitive species to pines, as they 
grow interspersed with pines, and therefore, present a problem 
for the softwood lumber and pulpwood industry. Most logging 
operations require that these competitive species be removed 
before the pines can be harvested. Nationwide, the cost for 
removal or elimination of  these competitors is approximately 
150 million dollars annually, mainly for herbicide treatments.[6] 
To minimize these costs, a considerable amount of  research has 
shown it is feasible to use these competitive hardwood species for 
alternative economical uses such as biomass, cellulosic ethanol 
production, and phytochemical or medicinal co-products. This 
review focuses on the medicinal properties of  sweetgum extracts 
as well as their beneficial, non‑medical applications.

MEDICINAL PROPERTIES OF SWEETGUM

Many of  the medicinal properties of  sweetgum come from storax 
as well as essential oils extracted from the leaves. Storax, also 
referred to as styrax, is produced by damaging the outer bark 
of  sweetgum trees. When the tree is wounded, the inner bark 
produces a balsam. Boiling the inner bark in water effectively 
removes the balsam and produces storax. Storax produced 
from L. orientalis, or Turkish sweetgum, is referred to as Asian 
storax while storax derived from L. styraciflua is called American 
storax. Storax has medicinal uses dating back to the Aztec 
Empire during the Paleo-Indian Period (ca. 10,000-7000 BC). 
The ancient Aztecs collected the boiled down, grayish-brown, 
sticky, opaque liquid and used it as a treatment for skin infections 
and other ailments.[1] Native Americans also used storax for 
medicinal purposes, including controlling coughs and dysentery 
and treating sores and wounds.[7] In addition to storax, the sap of  
the sweetgum tree was burnt as incense or mixed with tobacco 
leaves as a sedative[1] as well as used in the making of  soaps, 
cosmetics, fixatives in perfumes, adhesives, and lacquers. Recent 
references from organic websites have noted that the inner bark 
of  sweetgum, boiled with milk, can relieve diarrhea, and oils 
from the leaves of  sweetgum trees have antimicrobial properties 
against both bacteria and viruses.[8]

Antibacterial
Asian storax was first reported to contain cinnamic acid, cinnamyl 
cinnamate, 3-phenlypropyl cinnamate, ethyl cinnamate, benzyl 
cinnamate, styrene, and vanillin as major constituents while 
American storax was reported to contain styrene, cinnamic 
acid, cinnamyl alcohol, 2-phenylpropyl alcohol, 3-phenylpropyl 
cinnamate, cinnamyl cinnamate and vanillin.[9] Later reports on 

the constituents may include or omit some compounds but most 
report the presence of  cinnamic derivatives.[10]

Cinnamic acid has known antimicrobial and antioxidant 
properties.[11] Therefore, it is not surprising that storax has 
antibacterial activity against several pathogens. Sağdic et al.,[12] 
compared the antimicrobial properties of  storax produced 
from L. orientalis at concentrations from 0.1% to 10% against 
20 different strains of  bacteria using an agar diffusion method. 
Wells 4 mm in diameter were cut into nutrient agar, which 
had been inoculated with 1% of  a test pathogen. To the wells, 
50 µl storax dissolved in ethanol at 0.1%, 0.2%, 0.4%, 1%, or 
10% was added. The plates were subsequently incubated at the 
optimal temperature for each bacterium for 18-24 h, and zones 
of  inhibition were measured. No antibacterial activity was 
observed at 0.1% concentration. When the storax concentration 
was increased to 0.2% or 0.4%, the plates containing the 
Gram-negative bacteria Proteus vulgaris (P. vulgaris) and Enterobacter 
aerogenes (E. aerogenes) showed small zones of  inhibition (6-8 mm) 
indicating that these bacteria were susceptible to storax. At 
1%, Gram-positive bacteria Bacillus cereus (B. cereus) and Bacillus 
subtilis (B. subtilis) as well as the Gram-negative bacterium 
Pseudomonas fluorescens (P. fluorescens) were also inhibited. Several 
other bacteria were inhibited by storax when the concentration 
was raised to 10% including Gram-positive bacteria Bacillus brevis, 
Corynebacterium xerosis, Enterococcus faecalis (E. faecalis), Micrococcus 
luteus, Myobacterium smegmatis, and Staphylococcus aureus (S. aureus), 
and Gram-negative bacteria Klebsiella pneumonia and Pseudomonas 
aeruginosa. Among the bacteria that were resistant to storax 
even at its highest concentration were Gram-positive Bacillus 
amyloliquefaciens, Bacillus megaterium, and Listeria monocytogenesas 
well as Gram-negative bacteria Aeromonas hydrophila, Escherichia 
coli (E. coli) including O157:H7, and Yersinia enterocolitica. B. cereus 
showed the greatest susceptibility to storax with a zone of  
inhibition of  16 mm at 10% concentration. These results clearly 
demonstrate the antimicrobial properties of  storax derived from 
L. orientalis against both Gram-positive and Gram-negative 
bacteria.

In addition to storax, the leaves of  the sweetgum tree are 
also believed to possess antimicrobial properties. Leaf  oil 
from L. orientalis and L. styraciflua contained high levels of  
terpinen-4-ol, α-terpineol, α-pinene, and sabinene as well as 
other compounds.[13-15] Terpinen-4-ol, is the active ingredient 
found in the essential oil of  the Melaleuca alternifolia (Australian 
tea tree). Tea tree oil has a well-established reputation as an 
antimicrobial agent[16,17] suggesting that terpinen-4-ol derived 
from the leaves of  L. styraciflua and L. orientalis may also possess 
similar antimicrobial properties.

Oskay and Sari[18] studied an ethanol extract from the leaves of  
L. orientalis as well as extracts from 18 other Turkish medicinal 
plants for their antimicrobial properties in vitro. Using an agar 
diffusion method where 100 µl of  extract at a concentration of  
4 mg/ml in ethanol was added to the well, it was observed that the 
leaf  extract of  L. orientalis was an effective antimicrobial against 
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several strains of  pathogenic bacteria with zones of  inhibition 
ranging from 10 mm to 34 mm. The affected bacteria include 
P. vulgaris (zone of  inhibition = 34 mm), P. fluorescens (22 mm), 
Salmonella typhimurium (22 mm), S. aureus (20 mm), as well as 
multidrug-resistant S. aureus (MRSA, 20 mm), E. aerogenes (18 mm), 
Serratia marcescens (18 mm), B. subtilis (14 mm), Micrococcus 
luteus (12 mm), E. coli (12 mm), Staphyococcus epidermis (10 mm), 
E. faecalis (10 mm), and Enterobacter cloaceae (10 mm). Only B. cereus 
and yeast, Candida albicans, were not inhibited by the L. orientalis 
extract. Interestingly, B. cereus was the most susceptible bacterium 
to storax from L. orientalis[12] but was unaffected by the leaf  oil. 
However, the chemical composition of  leaf  oil from L. styraciflua 
differed significantly from the chemical composition of  storax 
produced from the same tree.[14]

In addition, the authors determined that the antibiotic-resistant 
bacteria MRSA and E. coli were more sensitive to the extracts 
of  L. orientalis and several other plant species such as Rosmarinus 
officinalis L. (rosemary) than to traditional antibiotics such 
as penicillin G (10 IU/disk) and vancomycin (30 µg/disk) as 
determined by a disk diffusion assay, suggesting that the extracts 
utilize a different mode of  action against bacteria than antibiotics. 
Therefore, the antimicrobial properties of  L. orientalis and other 
active plant extracts were further explored by determining the 
minimum inhibitory concentrations (MICs) and minimum 
bactericidal concentration (MBC) against MRSA and E. coli 
using a broth macrodiluton method. The L. orientalis leaf  extract 
was added to the test broth and serial two-fold dilutions were 
made. The final volume was 4.5 ml to which 0.5 ml of  a bacterial 
suspension containing 8 log10 colony forming units/ml was added. 
The tubes were incubated at 37°C for 24 h, after which they were 
visually inspected for bacterial growth. The lowest concentration 
of  extract that prevented visible growth of  the bacterium was 
considered the MIC. Ten microliters of  the remaining negative 
growth tubes were then subcultured, and the lowest concentration 
showing no growth or the growth of  only one colony was 
considered the MBC. The lowest concentration at which the 
L. orientalis extract could inhibit MRSA was 8 mg/ml, and at 
17.4 mg/ml no viable MRSA was observed in the subcultures. The 
MIC for E. coli was 14.2 mg/ml and the MBC was 22.2 mg/ml. 
Based on the MBC and MIC data, the leaf  extract of  L. orientalis 
was one of  the most inhibitory extracts of  all the plant extracts 
studied. Only extracts from Cornus sanguinea (C. sanguinea, common 
dogwood plant) had similar MIC and MBC values against 
MRSA (8 mg/ml and 16.6 mg/ml), but C. sanguinea was ineffective 
against E. coli. Eucalyptus camuldulensis and Vitis vinifera (common 
grape vine) had MIC values of  8.6 mg/ml and MBC values of  
14–15 mg/ml against MRSA but were only slightly inhibitory 
towards E. coli. Ecballium elaterium (squirting cucumber) was 
effective against E. coli (the MIC of  11.8 mg/ml and MBC of  
23.6 mg/ml) but not against MRSA. These results further illustrate 
the powerful antimicrobial properties of  Liquidambar.

Antiviral
Between 2009 and 2010, approximately 16,000 people died as 
a result of  contracting the human pathogenic strain of  swine 

influenza termed H1N1.[19] The virus responsible for the H1N1 
outbreak and other influenza viruses are susceptible to the 
antiviral drug Tamiflu®. The key ingredient in Tamiflu® is 
oseltamivir phosphate, of  which shikimic acid is a precursor. 
Chinese star anise was the initial source of  shikimic acid used 
for the production of  this drug; however, much of  the shikimic 
acid now manufactured is generated by a shikimic acid producing 
E. coli, although some still comes from plant sources.[20-22] 
Sweetgum trees, mainly L. styraciflua, were found to contain 
shikimic acid in their leaves,[23] bark,[24] and young seeds.[25]

Seed pods of  L. styraciflua, containing both fertile and aborted 
seeds, were extracted with 65°C water, treated with activated 
charcoal, filtered, and concentrated. The addition of  isopropanol 
produced a white precipitate. The solution was subsequently 
boiled, filtered, and concentrated to yield clear yellow syrup, 
which was chromatographed with 20 ml water and 125 ml 25% 
acetic acid. The acetic acid fraction was concentrated to produce 
pure shikimic acid with an average yield of  3.23% w/w from the 
dry mass of  seeds. When the seeds were separated into fertile 
and infertile seeds and subject to extraction, the fertile seeds 
returned only 0.14% w/w shikimic acid whereas the yield from 
infertile seeds was 6.5% w/w.[25] Li et al.,[26] also observed that 
young seeds have a higher concentration of  shikimic acid than 
older seeds, seed hulls, stems, or bark.

Shikimic acid was also extracted from the bark of  L. styraciflua 
using methanol (Soxhlet method) or water heated to 65°C or 
85°C and compared to the yields of  shikimic acid derived from 
star anise using the same extraction methods. The amount of  
extracted shikimic acid was quantified by high‑pressure liquid 
chromatography (HPLC). Yields of  shikimic acid from star anise 
were 8.73 ± 2.18 mg/g for the Soxhlet method, 7.27 ± 0.21 mg/g 
for the 65°C water extraction and 6.37 ± 0.88 mg/g for the 
85°C water extraction. The yields from the sweetgum bark 
were much lower at 1.37 ± 0.21 mg/g, 1.68 ± 0.12 mg/g, 
and 1.16 ± 0.014 mg/g for the Soxhlet method, 65°C water 
extraction, and 85°C water extraction, respectively.[24] Although 
yields of  shikimic acid are low compared to those of  star anise, 
the sweetgum trees remain a valuable source of  this important 
medicinal compound.

In addition to possessing valuable shikimic acid, sweetgum 
extracts have also shown to directly inhibit the H1N1 virus 
by inhibiting the neuraminidase activity (NA) of  the virus. 
Neuraminidase is involved in virus replication and may facilitate 
infection;[27] it is also the target for oseltamivir and other current 
and developing antiviral drugs. The anti-NA of  a water extract 
of  the fruits of  L. formosana and 438 other traditional Chinese 
medicines was evaluated in vitro. The compound 2’-(4-methyl
umbelliferyl)-α-D-N-acetylneuraminic acid (MU-NANA) was 
used as a substrate for the NA enzyme. The enzyme was first 
incubated with the extracts for 30 min prior to the addition of  
MU-NANA. An uninhibited enzyme cleaves MU-NANA to 
produce a quantifiable fluorescent product. Of  the 438 extracts 
tested, only five showed significant inhibitory activity against 
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NA derived from the H1N1 virus including the extract from 
L. formosana (IC50 of  102.2 µg/ml). Against NA derived from 
Clostridium perfringens, extracts had an IC50 value of  1.0 µg/ml. 
In comparison, the control quercetin had IC50 values of  5.4 and 
0.6 µg/ml for NA derived from the H1N1 virus and C. perfringens, 
respectively.

The same five extracts which suppressed NA in vitro were 
evaluated for their ability to inhibit the influenza A H1N1 
virus in a cell culture model. The extracts were incubated with 
the virus for 2 h, serially diluted, then added to Madin-Darby 
canine kidney (MDCK) cells followed by another 2-h incubation. 
Concentrations of  the extracts ranged from 0 to 250 µg/ml. 
The cells were then washed and cultured an additional three 
days and examined for damage to the host cell due to virus 
invasion (cytopathic effect, CPE) using an assay to measure 
cell viability. Virus yield was determined by measuring NA in 
cell supernatants. All five extracts could reduce the CPE of  the 
virus and NA in a dose-dependent manner. When the virus alone 
was added to the cells, the CPE reduced cell viability to 25%; 
addition of  200 µg/ml of  the extract of  L. formosana increased 
cell viability to 50%. At this same concentration of  extract, 
the relative activity of  the virus was reduced to 25%.[28] Thus, 
sweetgum trees are valuable resources for antiviral medications 
in that they contain shikimic acid and extracts that effectively 
inhibit the H1N1 virus.

Antioxidant
Many chronic diseases such as Alzheimer’s disease and 
atherosclerosis as well as cancer have been linked to oxidative 
damage caused by the generation of  reactive oxygen species (ROS). 
Antioxidants are reducing agents that remove ROS and other free 
radicals by donating an electron or hydrogen atom to make the 
free radical more stable and thus inhibiting further oxidation 
reactions. Antioxidants synthesized within the body help to 
curb the damage done to cells by ROS; however, the synthesized 
amounts are often insufficient and exogenous sources of  
antioxidants are required. Three species of  Liquidambar, 
L. formosana, L. styraciflua, and L. orientalis have been shown to 
possess antioxidant potential.

Phenolic and flavonoid compounds were extracted from 
the leaves of  L. formosana using ethanol, water, or acetone 
and tested for their antioxidant activity by measuring their 
free radical-scavenging ability as well as their reducing 
power (ability to donate electrons). A phosphomolybdenum 
assay was also used to measure antioxidant activity. The 
stable free radical 1,1-diphenyl-2-picrylhydrazyl (DPPH) 
and 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) 
diamonium salt (ABTS; converted to its radical cation by the 
addition of  potassium persulfate) were used to measure the free 
radical-scavenging ability. The free radical DPPH is purple and 
turns clear or pale yellow upon neutralization, while ABTS radical 
cation is blue and becomes colorless upon neutralization. The 
free radical-scavenging ability of  L. formosana leaf  extracts was 
performed by adding varying concentrations of  the leaf  extract 

with DPPH or ABTS and monitoring absorbance at 515 nm for 
DPPH and 734 nm for ABTS.

The reducing power of  the extracts was measured by their ability 
to reduce ferricyanide (Fe + 3) to ferrocyanide (Fe + 2). Ferrocyanide 
is subsequently detected by the addition of  ferric chloride to 
form a brilliant blue ferrous complex. Varying concentrations 
of  the extracts were added to a 1% ferricyanide solution and 
incubated at 50°C for 20 min, upon which 10% trichloroacetic 
acid was added, the mixture was centrifuged, and ferric chloride 
was added to the supernatant. The absorbance was monitored 
at 700 nm, at which the increase in absorbance correlated to an 
increase in reducing power.

The phosphomolybdenum assay measures the reduction of  
Mo (VI), in the form of  ammonium molybdate, to produce a 
phosphate/Mo (V) complex at acidic pH. The extracts were 
combined with a reagent solution consisting of  ammonium 
molybdate, sodium phosphate, and sulfuric acid, incubated at 
95°C for 150 min, and allowed to cool to room temperature. 
The formation of  the green phosphate/Mo (V) complex was 
detected by measuring absorbance at 695 nm.

Results of  the radical-scavenging ability and reducing power of  
L. formosana extracts were reported as EC50 values (half-maximal 
effective concentration, EC50), in which the EC50 value correlates 
to the concentration at which 50% of  the maximal effect was 
observed. In general, the radical-scavenging ability and reducing 
power increased as the concentration of  the extracts was 
increased. Ethanol extracts were better at reducing DPPH and 
ABTS radicals than either the water extract or acetone extract. 
The DPPH EC50 values (the concentration where DPPH radicals 
were scavenged by 50%) were 6.89 µg/ml, 8.86 µg/ml, and 
12 µg/ml for ethanol, water, and acetone extracts, respectively. 
All extracts were significantly better at scavenging DPHH 
compared to the widely used synthetic antioxidant butylated 
hydroxytoluene (BHT). BHT is a powerful antioxidant that is 
often used as a food additive to preserve meats and other products 
containing fats or oils. The EC50 value for BHT scavenging of  
DPPH radicals was 14.5 µg/ml, nearly twice as high as the ethanol 
extract of  L. formosana leaves. Ethanol extracts were also better 
than water extract, acetone extract, and BHT at scavenging ABTS 
radicals with EC50 values of  3.86 µg/ml, 4.2 µg/ml, 4.5 µg/m, 
and 8.15 µg/ml, respectively. The reducing power as measured 
by the ferricyanide assay produced EC50 values of  0.632 mg/ml 
for the ethanol extract, 0.685 mg/ml for the water extract, 
and 0.891 mg/ml for the acetone extract, which were more 
effective than synthetic standard BHT that exhibited an EC50 
value of  0.983 mg/ml. The antioxidant activity of  the ethanol 
extract and water extract were similar based on results of  the 
phosphomolybdenum assay, with a maximum absorbance of  0.6-
0.65 after 150 min. The acetone extract was weaker, (maximum 
absorbance of  approximately 0.3) but not as weak as BHT 
(maximum absorbance of  approximately 0.2). All extracts of  
L. formosana possess excellent antioxidant activities, superior to 
the synthetic antioxidant BHT. The greater antioxidant activity of  
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the ethanol extracts is attributed to their higher concentration of  
phenolic and flavonoid compounds, 76.40 mg/g and 18.76 mg/g, 
respectively, compared to 71.76 mg/g and 19.97 mg/g for water 
extracts and 63.97 mg/g and 17.44 mg/g for acetone extracts.[29]

The leaf  and stem oils isolated from the species L. styraciflua 
also possess antioxidant properties. Leaf  and stem oils were 
isolated by hydrodistillation, and the antioxidant properties 
were measured using the DPPH radical-scavenging assay, an 
assay which measures superoxide radical (O2

−)-scavenging 
activity, and a deoxyribose degradation assay. Superoxide anion 
radicals are generated by oxidation of  nicotinamide adenine 
dinucleotide (NADH) by phenazine methosulfate (PMS). 
The superoxide anion radicals in turn reduce nitro blue 
tetrazolium (NBT) to a purple-blue formazan compound, which 
can be detected by measuring absorbance at 560 nm. A decrease 
in absorbance correlates with increased superoxide-scavenging 
abilities. Different concentrations of  essential oils were added 
to a solution containing NADH and NBT. The reaction was 
initiated by the addition of  PMS, and absorbance was measured 
after 5 min.

The deoxyribose degradation assay is a measure of  the hydroxyl 
radical-scavenging ability. Hydroxyl radicals are generated by the 
reaction of  an iron-EDTA complex with hydrogen peroxide in 
the presence of  ascorbic acid. The generated hydroxyl radicals 
in turn react with 2-deoxyribose (2-DR), which, when heated in 
the presence of  thiobarbituric acid (TBA) at low pH produces a 
thiobarbituric acid-malondialdehyde complex. Essential oils were 
incubated with EDTA, FeCl3, H2O2, and ascorbic acid for 1 h 
at 37°C, after which TBA and trichloroacetic acid were added 
followed by incubation at 100°C for 20 min. Absorbance was 
measured at 532 nm, and quercetin was used as a positive control.

Results were reported as IC50 values (half  maximal inhibitory 
concentration, IC50) or the concentration of  a drug in which 
50% of  the reactive substance is inhibited in vitro. The DPPH 
radical-scavenging ability of  the stem oil was slightly better 
than that of  the leaf  oil (IC50 of  2.19 mg/ml and 3.17 mg/ml, 
respectively) but was considerably low compared to the natural 
antioxidant, vitamin C (3.28 µg/ml). The stem oil was also 
better at scavenging superoxide radicals with an IC50 value of  
37.34 µg/ml compared to 78.38 µg/ml for the leaf  oil but 
not as effective as vitamin C (IC50, 29.46 µg/ml). IC50 values 
reported for the 2-DR assay were 17.55 µg/ml for the leaf  
oil and 14.29 µg/ml for the stem oil compared to 4.71 µg/ml 
for the control antioxidant quercetin. The higher activity of  
the stem oil over the leaf  oil is attributed the presence of  more 
oxygenated metabolites in the stem oil; however, both oils were 
low in phenolic compounds, which explains their low activity in 
the DPPH assay compared to the control.[30]

Antioxidant properties have also been found in the bark of  
L. styraciflua. Two methods were used to extract the phytochemicals 
from the bark including a high temperature (85°C) water 
extraction method and a sublimation reaction. Products obtained 

from the sublimation reaction were purified by centrifugal 
partition chromatography (CPC) and analyzed by HPLC. The 
antioxidant activity was measured using a thiobarbituric acid 
reactive substances (TBARS) assay. A TBARS assay measures 
the amount of  lipid peroxidation as the result of  oxidative stress. 
The water extract displayed antioxidant activity at a concentration 
of  12.5 mg bark/ml water, in that little to no lipids was oxidized 
after 24 h. HPLC analysis showed that that the crude extract 
contained gallic acid, which was shown to be a strong antioxidant. 
Shikimic acid was also present in the crude extract; however, it 
did not show any antioxidant activity even at concentrations as 
high as 200 µM. The extract obtained by sublimation reaction 
showed extremely potent antioxidant activity starting at 0.78% 
in DMSO. The compounds responsible for the high antioxidant 
activity in the sublimation extract have not been identified.[31]

A third member of  the Liquidambar species has also been tested 
for its antioxidant properties. The resin from L. orientalis and 
seven other Turkish plants underwent steam distillation (SD) 
or supercritical carbon dioxide (SCCO2) extraction and the 
resultant products were analyzed by GC-MS and tested for 
their radical-scavenging activity using the DPPH assay. Both 
SCCO2 and SD extracts of  L. orientalis demonstrated high 
antioxidant properties in that they were able to reduce DPPH 
free radicals by 89% and 91%, respectively, compared to 91% for 
the BHT positive control. Only SCCO2 extracts of  Rosmarinus 
officinalis L. (rosemary) and Cuminum cynimum L. (cumin) extracts 
exhibited higher radical-scavenging abilities (approximately 
92% of  DPPH). The main components of  both SD and 
SCCO2 extracts were octyl alcohol acetate (20.12% and 
12.42%), N-nordextromethorphan (14.38% and 7.19%), 6α,
17β-dihydroxy-5β-androstan-3one (12.87% and 22.92%), and 
menthol (23.14% and 31.59%). In addition, the SCCO2 extract 
contained high levels of  rimuen (5.82%) while the SD extract had 
high levels of  neocembrene (4.66%), phenanthrene (8.75%). The 
high antioxidant capacity of  L. orientalis was attributed to a high 
concentration of  oxygenated monoterpenes and monoterpene 
ketone groups.[32] Interestingly, neither extract contained high 
levels of  cinnamic derivatives as otherwise reported;[33,34] this may 
be due to the different methods of  extraction, since extractions 
with SCCO2 contained free fatty acids while extractions with 
SD did not.[32] With many consumers wanting to avoid synthetic 
chemicals in their food, a natural plant extract may be promising 
as an all-natural antioxidant.

Anti‑inflammatory
Oxidative stress and ROS has been discovered to trigger 
pro‑inflammatory cytokine production, which eventually leads 
to inflammation. Additionally, inflammatory reactions are 
known to produce ROS (reviewed in Mittal et al.,[35]) Several 
diseases are associated with chronic inflammation including 
atherosclerosis, Crohn’s disease, and cancer. Oils from the 
leaves and stems of  L. styraciflua have been examined for their 
anti‑inflammatory activity by measuring 5‑lipoxygenase (5‑LOX) 
inhibition. Lipoxygenases catalyze the oxygenation of  fatty 
acids, such as linolenic and arachidonic acids. Oxidation of  
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arachidonic acid is the first step in the synthesis of  leukotrienes, 
a group of  lipid pro-inflammatory mediators; therefore, 
reducing 5‑LOX activity may lead to a reduced inflammatory 
response. Soybean lipoxygenase was combined with the 
essential oils in phosphate buffer and incubated for 10 min at 
room temperature. The substrate, sodium linoleate was added 
and the reaction kinetics were measured at 234 nm every 10 s. 
Leaf  and stem oils were equally effective at 5‑LOX inhibition 
with an IC50 value of  approximately 24 µg/ml. The control 
nordihydroguaiaretic acid, a potent LOX inhibitor, produced an 
IC50 of  0.24 µg/ml. Anti‑inflammatory properties of  L. styraciflua. 
were also measured by a prostaglandin E2 (PGE2) assay in 
which an enzyme-linked immuonosorbent assay (ELISA) is 
used to measure the production of  the inflammatory mediator, 
PGE2 in lipopolysaccharide (LPS)-stimulated hepatic cancer 
cells (HepG2 cells). The addition of  stem or leaf  oils to LPS 
stimulated HepG2 cells reduced PGE-2 levels by 39.66% and 
26.46%, respectively, compared to cells stimulated with LPS 
without the addition of  oils. Leaf  and stem oils were analyzed 
by GC-MS, and small amounts of  β-caryophyllene oxide (0.1% 
to 0.5%) were found and thought to be responsible for 5‑LOX 
inhibition. In addition, β-caryophyllene and α-humulene, 
also known as cyclooxygenase-2 (an enzyme involved in 
inflammation) inhibitors, were also found in leaf  and stem oils, 
which may further increase the anti‑inflammatory properties of  
L. styraciflua.[30]

Antihypertensive
Hypertension, commonly known as high blood pressure, is a 
serious condition that if  left untreated may increase the risk of  
heart disease. Angiotensin II (Ang II) when associated with its 
Ang II type 1 receptor (AT1) leads to vasoconstriction which 
in turn leads to increased blood pressure. The development 
of  antagonist receptor blockers to selectively block the action 
between Ang II and AT1 has become effective treatment for 
hypertension. Ohno et al.,[30] screened 435 plant extracts for 
antagonism toward Ang II receptors by utilizing a human cell 
line that stably expressed the AT1 receptor that was pretreated 
with fura 2-AM, an intracellular fluorescent indicator of  
Ca2+. When Ang II interacted with AT1, cellular uptake of  
Ca2+ occurred, which could be measured spectrophotometrically. 
The fura 2-AM pretreated cells were treated with 1 µM Ang 
II for 200 s in the presence and absence of  plant extracts and 
the Ca2+ uptake was monitored. Preliminary studies showed 
that an ethanol extract from the resin of  L. styraciflua was able 
to suppress the Ca2+ uptake. Therefore, it was separated into 
two active compounds, benzyl cinnamate and benzyl benzoate, 
and these compounds were evaluated for their ability to reduce 
hypertension. Both compounds were found to not be cytotoxic 
to cells at 100 µg/ml after 24 h and were found to repress Ang 
II in a dose-dependent manner with IC50 values of  47.2 µg/ml 
and 107.2 µg/ml, respectively. Losartan, the first Ang II agonist 
to be marketed (under the trade name Cozaar), was used as a 
positive control and produced an IC50 value of  2.4 µg/ml. Benzyl 
benzoate was further examined for its in vivo activity. Mice were 
pretreated with 2 mg/kg or 10 mg/kg of  benzyl benzoate and 

injected with 100 µg/kg of  Ang II after 30 min to increase 
blood pressure. Systolic arterial pressure was measured prior 
to injection and 4 min after Ang II injection. Mice pretreated 
with benzyl benzoate showed a significant reduction in blood 
pressure elevation compared to non-treated controls. Blood 
pressure raised approximately 20–40 mmHg with benzyl benzoate 
pretreatment compared to a 100 mmHg increase without the 
pretreatment. The authors also prepared derivatives of  benzyl 
benzoate of  which 3-methylbenzyl benzoate and 3-methylbenzyl 
2’-nitrobenzoate showed more than 10-fold greater activity on 
Ang II-stimulated Ca2 + uptake. Thus, components including 
benzyl cinnamate and benzyl benzoate found in the resin of  
L. styraciflua may be useful in the treatment of  hypertension.[36]

Antihepatotoxic
The liver plays many important roles in the human body 
including detoxification of  chemicals and drug metabolism. 
Unfortunately, these same chemicals and drugs may cause liver 
damage, and finding drugs that provide protection to the liver 
is vitally important. The crude drug “rorotsū” derived from 
the fruits of  L. formosana has long be utilized in Taiwan as an 
antihepatotoxic agent.[37] Therefore, methanol extracts of  spiny 
fruits of  L. formosana were separated into active constituents 
and tested for their antihepatotoxic activity in vitro. The main 
components of  the extract were bertulonic acid, 28-noroleanonic 
acid, caryophyllene oxide, (-)-bornyl cinnamate, styracin, and 
glycyrrhizin. Primary-cultured rat hepatocytes were pre-incubated 
with selected L. formosana-derived compounds at 0.01, 0.1, or 
1.0 mg/ml then subjected to carbon tetrachloride (CCL4) or 
galactosamine (GalN) to induce cytotoxicity. Cells were then 
monitored for glutamic-pyruvic transaminase (GPT) activity. 
GPT belongs to a group of  alanine transaminases, which are 
elevated during liver damage. Only bertulonic acid at 1.0 mg/ml 
concentration could significantly reduce GPT levels in CCl4- or 
GalN-induced cells. Bertulonic acid reduced GPT levels by 68% 
and 47% in CCl4-damaged and GalN-induced cells, respectively. 
The antihepatotoxic effect of  crude drugs derived from the fruits 
of  L. formosana may be explained by the presence of  bertulonic 
acid[37] and may warrant further investigation.

Anticonvulsant
Anticonvulsants are used in the treatment of  epilepsy and in 
recent years have been used in the treatment of  bipolar disorder 
as they have the ability to stabilize patients’ moods. Guo et al.,[38] 
evaluated the anticonvulsant and sedative effects of  storax from 
L. orientalis in vivo. Mice were treated orally or intranasally with 
various concentrations (50, 100, or 200 mg/kg orally or 12.5, 25, 
or 50 mg/kg intranasally) of  storax 5, 15, or 30 min prior to an 
intraperitoneal injection of  90 mg/kg of  pentylenetetrazole (PTZ) 
to induce convulsions. Mice, 10 per group, were monitored for 
30 min after PTZ injection for delay of  colonic seizure onset as 
well as the number and duration of  the episode and effects on 
mortality. Intranasal administration of  storax offered significant 
protection from PTZ-induced seizures in a dose-dependent 
manner. At its highest concentration of  50 mg/kg, the latency 
time was delayed by approximately 10 min compared to the 
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non-treated control mice. The mortality rate was also reduced to 
10% compared to 60% in the control. Lower doses of  12.5 and 
25 mg/kg had little effect on the latency time but they lowered the 
mortality rate to 40% and 30%, respectively. Orally administered 
storax at 100–200 mg/kg was effective at reducing the mortality 
rate (20%) only when administered 30 min prior to PTZ. No 
effects were observed when storax was administered 5 or 15 min 
prior to PTZ injection nor were significant delays in colonic 
seizure onset observed. The effects of  nasally administered 
storax on PTZ-induced convulsions were observed when storax 
was administered as little as 5 min prior to PTZ; however, no 
anticonvulsant activity was observed when PTZ was injected 
30 min after storax administration suggesting that storax has 
fast onset of  action but a short lasting time. No dose of  storax 
administered orally or nasally had a significant effect on the total 
incidence of  colonic convulsions. Diazepam, marketed as valium, 
when administered 30 min prior to PTZ exhibited no colonic 
convulsions, a mortality rate of  0%, and a convulsion rate of  0% 
in the 30 min of  observation post PTZ injection.

To determine the sedative effect of  storax, storax was 
administered intranasally or orally (50, 100, or 200 mg/kg 
for orally or 12.5, 25, or 50 mg/kg intranasally) followed by 
monitoring the number of  spontaneous locomotor movements 
in a locomotor-monitoring apparatus. Mice were placed in the 
box and allowed to habituate for 5 min, after which they were 
monitored for spontaneous locomotor activity for 1 h. Only 
storax at 100 mg/kg administered orally had sedative effects 
as observed by reduced spontaneous locomotor movements, 
approximately 600 versus 1000 for non-treated control group. 
These data suggest that intranasal administration of  storax may 
be effective at reducing seizures and aiding in resuscitation, and 
oral administration of  storax may be effective for the treatment 
of  anxiety disorders.[38]

Wound healing
Ocsel et al.,[39] studied the effects of  storax on wound healing. 
Wounds were excised on the backs of  young Yorkshire pigs and 
treated with storax obtained from L. orientalis, hydrocolloid, or 
silver sulfadiazine. The wounds were biopsied on days 4, 8, 14, 
and 21 and examined histologically. After 21 days, storax-treated 
wounds showed faster re-epithelialization, as evidenced by a 
thicker epithelial layer compared to the non-treated control 
group and hydrocolloid group. Epithelial thickness was similar to 
wounds treated with silver sulfadiazine, which is extensively used 
to treat burns. The enhanced epithelialization of  oriental storax 
is thought to be due to the presence of  cinnamic acid and its 
esters cinnamyl cinnamate and storesinol (cinnamic acid ester of  
an alcohol). Granulation tissue was also thicker in storax-treated 
wounds compared to that in the control-, hydrocolloid-, or 
silver sulfadiazine-treated groups suggesting a more vigorous 
proliferation phase in these wounds treated with storax.[39]

Anti‑ulcerogenic
Just as storax is able to treat wounds and skin ulcers, it is also 
effective in treating gastric ulcers. Gurbuz et al.,[40] studied the 

ulcer preventing activity of  storax in vivo. Storax in 0.5% Tween 
80 and distilled water was orally administered to Sprague-Dawley 
rats at a dose of  150 mg/kg and 300 mg/kg of  body weight, 
respectively. Thirty minutes after administration of  the storax, 
1 ml of  absolute ethanol was applied orally to induce gastric 
ulcers. After 1 h, the animals were sacrificed and the stomach 
removed and examined for blood clots to assess the number of  
ulcers. Storax administered at 150 mg/kg was more effective at 
reducing gastric ulcer formation with 83% inhibition compared 
to the non-treated control. At a dose of  300 mg/kg, storax had 
an ulcer inhibition rate of  only 66.7%. Moreover, the lower dose 
completely prevented ulcers in four out of  six stomachs whereas 
at the higher dose, only one stomach out of  five was completely 
free of  ethanol-induced ulcers. Misoprostol, prescribed to treat 
stomach ulcers, was used as a positive control at 0.4 mg/kg and 
showed 100% inhibition of  ethanol-induced ulcers. To further 
investigate the anti-ulcerogenic potential of  storax, it was extracted 
with chloroform and n-butanol and water. The chloroform 
extract exerted significant protection against ethanol‑induced 
ulcers (61.5% ulcer inhibition rate) but prevented ulcers only 
in one out of  six mice, whereas the n-butanol and water extract 
only had an inhibition rate of  10.3% and did not prevent ulcer 
formation. Volatile oils of  storax and its extracts were obtained 
by microdistillation and analyzed by GC and GC-MS. Thirty-one 
essential oils of  storax were identified and the main components 
were styrene (81.9%), cinnamyl alcohol (6.9%), α-pinene (3.5%), 
and benzene propanol (3.4%). The chloroform extract contained 
27 volatile compounds of  which styrene was present in the 
highest amount (75.5%) Other compounds included cinnamyl 
alcohol (7.3%), benzene propanol (3.8%), β-pinene (2.4%), and 
α-pinene (1.8%). The n-butanol and water extract contained only 
17 identifiable compounds including styrene (72.8%), (E)-methyl 
cinnamate (5.9%), (E)-cinnamaldehyde (3.2%), cinnamyl 
alcohol (3.0%), and benzene propanol (2.0%). Although styrene 
was present in all samples, it may not be the only compound 
responsible for the anti-ulcerogenic results since the n-butanol 
and water extract contained 72.8% styrene but showed an 
inhibition rate of  only 10%. Nonetheless, storax as a whole is 
effective in the prevention of  ulcers.

Cancer chemopreventive
Phytochemicals for the prevention and treatment of  cancer have 
been used throughout history, and a number of  common plant and 
vegetables have reported chemopreventive properties.[41] Fukuda 
et al.,[42] isolated 11 compounds from the seedpods of  L. styraciflua 
and tested them for their anticancer activity using an Epstein–Barr 
early antigen (EBV-EA) in vitro assay. The Epstein–Barr virus is 
a known oncogenic virus and is activated by tumor promoters 
such as12-O-tetradecanoylphorbol-13-acetate (TPA) to produce 
early antigens (EA). The EBV-EA–expressing cells are detected 
from serum obtained from nasopharyngeal carcinoma (NPC) 
patients by staining so that the serum contains the antibodies to 
EBV‑EA, which are detected by indirect immunofluorescence. 
Studies were performed in Raji cells, which are lymphoblastoids 
carrying the EBV genome. Cells were incubated with butanoic 
acid (a co-inducer) and TPA (32 pmol in DMSO) along with 
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test compounds at concentrations of  1000, 500, 100, and 
10 mol ratio/TPA in DMSO. Smears were made from cell 
suspension, and activated cells were detected by staining by 
EVB-EA-containing positive serum from NPC patients and 
detected by indirect immunofluorescence. Control cells that 
were not treated with any test compounds were assumed 
to have 100% activation of  EBV-EA. All compounds 
exhibited dose-dependent inhibitory activities but compounds 
2 (3β,25-expoxy-3α-hydroxylup-20 (29)-en-28-oic acid) and 
3 (3β, 25-epoxy-3α-hydroxyolean-12-en-28-oic acid) exhibited 
inhibitory activities higher than those of  the positive control, 
curcumin. Compound 2 was able to inhibit TPA induced EBV-EA 
activation by 100%, 81.3%, 31.7%, and 8% at concentrations 
of  1000, 500, 100, and 10 mol ratio/TPA, respectively, while 
compound 3 showed inhibition rates of  100%, 80.5%, 32.1%, 
and 8% for the same respective concentrations. The known 
anti-tumor promoting agent, curcumin inactivated TPA induced 
EBV-EA TPA activation by 100%, 77.2%, 18.3%, and 0% at 
1000, 500, 100, and 10 mol ratio/TPA, respectively. Compound 
1 (25-acetoxy-3α-hydroxyolean-12-en-28-oic acid) showed 
inhibitory activity, (inactivation rates of  93%, 74.7%, 27.6%, 
and 2.7%) although not as strong as compound 2 or 3. However, 
previous reports indicated that compound 1 was cytotoxic to 39 
different human cancer cell lines.[43] Therefore, further studies 
were pursued with compounds 1 and 2, which examined the 
in vivo effects of  the compounds in reducing the incidence and 
onset of  papillomas induced on the backs of  mice.

Mice were treated topically with the tumor initiator 
7,12-dimethylbenz[a] anthracene (DMBA; 390 nmol) to initiate 
mutagenesis. One week following DMBA application, mice 
were treated twice weekly with TPA (1.7 nmol) to promote 
tumor formation. Test compounds (85 nmol) were applied 
1 h prior to TPA application, and the incidence of  papilloma 
formation was monitored for 20 weeks. Compound 1 delayed 
the onset of  papillomas for 8 weeks with an average number of  
4.1 papillomas per mouse at week 20 compared to the control 
group which saw papillomas as early as week 6 and averaged 9.3 
papillomas per mouse at week 20. Compound 2 delayed the onset 
of  papilloma formation for 8 weeks with the average number of  
tumors being 4.2 at week 20. Similar results were observed with 
the positive control, curcumin. Compounds 1 and 2, in addition 
to having similar in vivo chemopreventive activities as curcumin, 
are similar in structure to oleanolic acid and betulinic acid both 
of  which have demonstrated in vitro anticancer activities[44,45] 
suggesting that these compounds may be valuable agents for 
cancer prevention.

Compounds extracted from the resin of  L. formosana also show 
promise as anticancer agents based on cytotoxicity studies. 
Yang et al.,[46] used petroleum ether followed by separation by 
repeated silica gel chromatography to extract 10 pentacyclic 
triterpenes, two of  which were previously unknown, from the 
resin of  L. formosana. These 10 triterpenes were evaluated for 
cytotoxicity against a human breast carcinoma cell line using 
a thiazolyl blue tetrazolium bromide (MTT) assay. Living cells 

reduce the yellow MTT in their mitochondria to form purple 
formazan crystals which, when solubilized in DMSO, can be 
measured spectrophotometrically. Cells were seeded in 96-well 
plates, and after 24 h the test compounds were added at varying 
concentrations. Adriamycin, a drug used in cancer chemotherapy, 
was used as a positive control. Cells were cultivated for an 
additional 72 h followed by the addition of  5 mg/ml MTT per 
well. After 4 h, the media was removed and DMSO was added 
to the wells to dissolve the formazan crystals; the absorbance 
of  the resulting solution was measured at 490 nm. Seven of  the 
10 compounds exhibited strong cytotoxicity towards the tumor 
cells (IC50 values ranging from 3.06 µg/ml to 13.82 µg/ml), 
although none were as effective as Adriamycin (IC50, 0.33 
µg/ml), a drug commonly used in chemotherapy treatments. 
Comparison of  the 10 compounds showed that compounds 
containing a 3-keto group (3-keto oleane triterpenes) were 
important antitumor agents.

Anticoagulant
The 10 pentacyclic triterpenes evaluated for cytotoxicity 
against human breast cancer cells were also evaluated for their 
anticoagulative properties. Blood was collected from New Zealand 
white rabbits, mixed with anticoagulant, and separated into 
platelet-rich and platelet-poor plasma by centrifugation. Test 
compounds were added to the platelet-rich plasma which had 
been adjusted to 3 × 105 with platelet-poor plasma. The samples 
were incubated at 37°C for 1 min, and 10 µM of  adenosine 
diphosphate was added to stimulate platelet aggregation. The 
turbidity of  the solution as a result of  clotting was measured using 
an aggregometer. Aspirin was used as a positive control. Only four 
compounds showed significant reduction in platelet aggregation 
with IC50 values ranging from 8.07 µg/ml to 13.05 µg/ml; these 
values were similar to that of  the positive control aspirin which 
had an IC50 value of  10.59 µg/ml. Compounds that contained 
a 28-carboxyl group (28-carboxyl oleane triterpenes) were 
effective inhibitors of  platelet aggregation and may be effective 
in preventing heart attacks and strokes.[46]

Immunosuppression
The immune system exists to protect the body from infection. 
However, conditions such as rheumatoid arthritis, inflammatory 
bowel disease, and other autoimmune diseases are characterized 
by hyperactivity of  the immune system wherein the body’s defense 
system attacks its own tissues. In these cases, it is necessary to 
suppress the immune system to alleviate symptoms; as in the case 
of  organ transplant, suppression of  the immune system will reduce 
the chances that the organ will be rejected. The nuclear factor 
of  activated T-cells (NFAT) is a transcription factor important 
for immune response, and modulation of  NFAT is thought to 
be a treatment for autoimmune diseases. Cyclosporine A (CsA) 
is a current immunosuppressant used for transplant recipients 
but often has adverse side effects including being carcinogenic; 
therefore, safer alternatives are being sought including those from 
plant sources such as the fruits of  L. formosana. Fruits were dried, 
ground, extracted with methanol, and concentrated after which 
they were suspended in water and partitioned with n-hexane, ethyl 
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acetate, and butanol and chromatographed to isolate specific 
compounds. A modified secreted alkaline phosphatase (SEAP) 
assay was used to measure their inhibitory activity against 
NFAT. An oligonucleotide containing the NFAT binding site 
was subcloned into a SEAP vector, which was subsequently 
transfected into Jurkat cells. Jurkat cells are T-cells that express 
NFAT. Once the vector is established in the cells, the expressed 
NFAT will bind to the NFAT-binding site on the vector allowing 
for expression of  SEAP. A substrate for SEAP is then added to 
the cell supernatant, which converts it into a substrate that can be 
detected by chemiluminescence or fluorescence once acted upon 
by SEAP. The ethyl acetate extract along with four compounds 
isolated from the extract were added to cells containing the NFAT/
SEAP vector. CsA was used as a positive control for NFAT 
suppression. After incubation for 18 h at 37°C, the supernatant 
was removed from the cells and the SEAP substrate was added. 
The SEAP substrate and cell supernatant containing SEAP were 
incubated at 37°C for 4 h, and the optical density was measured 
at 405 nm. The ethyl acetate extract demonstrated strong NFAT 
suppression with an IC50 value of  4.31 µg/ml. Two of  four 
isolated oleanane triterpenoids, lantanolic acid (IC50 of  12.62 µM), 
and 3a-acetoxy-25-hydroxy-olean-12-en-28-oic acid (IC50 of  
4.63 µM) also showed strong inhibitory activity. None were as 
effective as CsA (IC50 of  0.29 µM). Although these compounds 
show immunosuppressive activity, more research on their safety 
is necessary before they can be considered for use in humans.[47]

OTHER USES OF SWEETGUM

Antifungal
In addition to its antimicrobial properties, extracts derived 
from the sweetgum trees also have the ability to reduce fungal 
growth. Fumigant antifungal activity of  an essential oil obtained 
from the resin of  L. orientalis against common phytopathogenic 
fungi including Phytophthora cactorum, Cryphonectria parasitica, and 
Fusarium circinatum were evaluated by Lee et al.,[34] Agar plates 
were inoculated in the center with selected fungi by insertion 
of  a mycelial agar plug. Essential oils were added to a paper 
disk which was placed on the lid of  the plate. The plates were 
incubated upside down in the dark for 6-8 days depending on 
the type of  fungus. The final concentrations of  L. orientalis 
essential oil were 0.028, 0.017, 0.007, and 0.0035 mg/ml air. At 
its highest concentration (0.028 mg/ml air), L. orientalis essential 
oil was highly effective at inhibiting P. cactorum, (100% inhibition) 
compared to essential oils from other plants which showed 60% 
inhibition or lower. At the same concentration, L. orientalis essential 
oils inhibited growth of  C. parasitica by approximately 40% and 
F. circinatum by 45%. Lowering the concentration to 0.017 mg/ml 
air lowered inhibition rates to 74% and 38% for P. cactorum and 
F. circinatum, respectively; C. parasitica was not inhibited at this 
concentration. At concentrations of  0.007 and 0.0035 mg/ml air, 
L. orientalis essential oil was only inhibitory towards P. cactorum 
at 60% and 41%, respectively. Gas chromatography analysis of  
the L. orientalis essential oil revealed the major components to 
be hydrocinnamyl alcohol and trans-cinnamyl alcohol. These as 

well as cinnamyl aldehyde, acetopheneone, and benzaldehyde, 
compounds also found in sweetgum essential oils, were 
further tested for their antifungal activity. Only cinnamyl 
aldehyde at the highest concentration exhibited inhibitory 
activity to F. circinatum (28% inhibition at 0.028 mg/ml air) 
and was highly inhibitory towards P. cactorum (100%) even at 
low concentrations (0.86 × 10−3 mg/ml air). Acetophenone 
was the only compound to inhibit C. parasitica (35% inhibition 
at 0.028 mg/ml air) but was ineffective against other fungi. 
Benzaldehyde also showed 100% inhibition toward P. cactorum 
at 0.028 mg/ml air while hydrocinnamyl alcohol and cinnamyl 
alcohol showed moderate activity (50% and 47%, respectively) 
at the same concentration. Scanning electron microscopy of  
P. cactorum, treated with sweetgum essential oil or its components 
cinnamyl aldehyde or benzaldehyde, showed significant 
morphological changes and alteration of  hyphae suggesting that 
the essential oils interfere with wall synthesis. In all, essential 
oils from the oriental sweetgum may be effective treatments 
for phytopathogenic fungi especially P. cactorum, which may 
eventually replace synthetic fungicides that are often toxic to the 
environment and humans.[34]

Compounds from the balsam of  L. formosana were found to be 
inhibitory to two wood decay fungi, Lenzites betulina (L. betulina), 
a type of  white rot fungi, and Laetiporus sulphureus (L. sulphureus), 
a brown rot fungus. The balsam was first fractionated using 
n-hexane and ethyl acetate and separated by HPLC. A total of  
26 compounds were isolated and nine of  the compounds in 
highest abundance were tested against L. betulina and L. sulphureus 
on potato dextrose agar plates. The compounds at 30 µg/ml or 
the unfractionated balsam at 50, 100, or 200 µg/ml were added 
to agar and inoculated with select fungi. The plates were then 
incubated at 27°C until the mycelium of  the control plate had 
reached the edge of  the dish. The diameter of  the growth zone 
was measured for test substances and compared to the growth 
zone of  the control dish to calculate the antifungal index (AI). 
Two compounds showed strong antifungal activity. Bornyl 
cinnamate was able to suppress the growth of  L. betulina and 
L. sulphureus with AI of  70% and 46%, respectively, whereas 
AI for 3α,25-dihydroxyolean-12-en-28-oic acid was 62% and 
63%, respectively. The IC50 for the unfractionated balsam was 
159.7 µg/ml and 181.1 µg/ml for L. betulina and L. sulphureus. 
These data further emphasize the antifungal properties of  
sweetgum resin and its extracts.[48]

Pesticide
Essential oil obtained from the resin of  L. orientalis has shown 
nematicidal activity against a common pine wood nematode, 
Bursaphelenchus xylophilus. Nematodes were treated with the 
essential oil in various concentrations in a 96-well plate for 24 h, 
after which the nematodes was monitored microscopically and 
defined as dead if  they were not moving and had straight bodies. 
At 2 mg/ml of  L. orientalis essential oil the mortality of  the 
nematodes was 100%. Reducing the concentration to 0.8 mg/ml 
or 0.6 mg/ml led to reduced mortality rates of  98% and 86%, 
respectively. Analysis of  the essential oil by GC or GC-MS showed 
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that its major compounds were hydrocinnamyl alcohol (41%) and 
trans-cinnamyl alcohol (45%). These individual compounds were 
also tested for their anti-nematidical activity. It was discovered that 
trans-cinnamyl alcohol effectively killed 100% of  the nematodes 
at a concentration of  2 mg/ml. At this same concentration, 
hydrocinnamyl alcohol produced a 17% mortality rate. Lower 
concentration of  trans-cinnamyl alcohol were studied, and it 
was found that at concentrations of  1.0, 0.8, and 0.6 mg/ml the 
mortality of  the nematodes was still essentially 100% however, 
further reduction to 0.4 mg/ml or 0.2 mg/ml decreased mortality 
to 57% and 11%. At concentrations of  0.6 mg/ml or higher, the 
essential oil of  L. orientalis may be effective as a treatment for pine 
wilt disease caused by the pine wood nematode.[49]

Aedes aegypti (A. aegypti) mosquitoes are known to transmit dengue 
fever and dengue hemorrhagic fever. No vaccines against this 
disease are available; therefore, prevention relies on control of  
A. aegypti and protection from its bites. Storax from L. orientalis was 
evaluated as an insecticide to target A. aegypti larvae. Healthy larvae 
were placed in a sterilized plastic bowl without food and with a range 
of  concentrations of  storax. After 24 h, the dead and moribund 
larvae were enumerated. Mortality occurred in a dose-dependent 
manner with 100, 200, 300, 400 and 500 ppm storax produced 
16%, 44%, 75%, 91%, and 99% mortality rates. The LC50 value 
was calculated to be 194.93 ppm. These results suggest that storax 
from L. orientalis may be used to control A. aegypti and replace the 
use of  environmentally harmful synthetic chemicals.[50]

CONCLUSIONS

Sweetgum trees, with their straight trunks, pyramid-shaped 
crowns, and brilliant fall foliage, are desired as an ornamental 
tree in southeastern United States. However, this prolific species 
commonly invades managed pine forests and competes with 
pines for resources. Additionally, sweetgum trees add additional 
burden to loggers as they have to be cut and hauled away 
separately during harvest. Research has shown that economically 
feasible alternatives exist for sweetgum trees including use as 
biomass, for cellulosic ethanol production, or for extraction of  
phytochemical co-products for medicinal uses.

Historically, the sap from the sweetgum bark has been utilized 
for medicinal purposes dating back more than 10,000 years. The 
sap was also used by Native Americans for treating wounds, 
coughs, and stomach problems. Ingredients from the sap 
were also used for cosmetic purposes. Recent reports on the 
medicinal benefits of  sweetgum resin include its effectiveness 
as an antimicrobial agent, an antioxidant, an anticoagulant, and 
a cancer chemopreventive agent. It has been shown to expedite 
wound healing and reduce hypertension in mice. In addition, it 
was shown to prevent ulcers in rats as well as reduce the number 
of  PTZ‑induced convulsions suggesting that it may be beneficial 
for treating epilepsy. Aside from its medicinal uses, storax also 
has potential to be used as an environmentally friendly pesticide 
as well as an antifungal agent against plant pathogenic fungi.

Beneficial compounds have also been discovered in the leaf, 
bark, and fruit extracts of  sweetgum including shikimic acid, 
which is a precursor to oseltamivir phosphate-a potent antiviral 
agent. Leaf  extracts are reported to have antioxidant properties 
in vitro as well as anti‑inflammatory activity with low cytotoxicity. 
Extracts from the fruits are potential cancer chemopreventive 
agents and may help reduce liver toxicity. Additionally, they may 
act an immunosuppressant agent for patients with autoimmune 
diseases and prevent organ rejection for transplant patients 
without adverse side effects. The list of  value-added products 
derived from sweetgum trees can be increased by continued 
research of  this abundantly occurring tree, which may prove to 
be a valuable resource in southern forests.
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