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Ginkgo biloba leaf extract action in scavenging free radicals
and reducing mutagenicity and toxicity of cigarette smoke
in vivo

CHANG G. WANG, YA DAI, DONG L. LI and KUO Y. MA

Technical Research Center, Chuanyu Branch of China Tobacco Corporation, Chengdu, P.R. China

In this study, ginkgo biloba leaf extract (GBE) was added to sample cigarettes, including in the filter (0.8 mg/cigarette) and/or the
cut filler (0.8 mg/cigarette). The effects of GBE in scavenging free radicals and reducing mutagenicity and toxicity of cigarette smoke
in vivo were investigated. Smoke analysis results indicated that GBE eliminated up to 30% of free radicals. Biological experiments,
conducted for both GBE cigarettes and control samples, included the Ames test, acute toxicity, neutral red cytotoxicity assay and
chronic toxicity. Results showed that the mutagenicity and toxicity of the GBE cigarettes were lower than for the control cigarettes.
A possible mechanism of GBE in scavenging free radicals is discussed in this article.

Keywords: Cigarette smoke, free radicals, GBE, scavenger, toxicity.

Introduction

China is the largest producer and consumer of tobacco in
the world. Reports suggest there are more than 320 million
smokers in China, with the annual number of tobacco-
related deaths projected to reach 3 million.[1] Large quanti-
ties of tobacco tar, tobacco residue and environmental to-
bacco smoke are generated during both cigarette manufac-
ture and smoking.[2] Since 1950, the health hazards related
to cigarette smoking, especially its link to lung cancer, have
been documented extensively.[3] Multiple epidemiological
studies have shown that cigarette smoking may be related to
the development of cardiovascular disease, stroke, lung car-
cinoma, chronic bronchitis, chronic obstructive pulmonary
disease and emphysema.[4] A way in which to alleviate this
conflict between smoking and health is the focus of re-
search in both academic and industrial laboratories. The
ideal approach should be very selective for eliminating the
harmful materials in cigarette smoke, economical, feasible
for application in the cigarette industry and environmen-
tally friendly.

Cigarette smoke is a complex mixture of more than 4700
chemicals, containing hundreds of toxicants,[5] including
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free radicals, benzene, tobacco-specific nitrosamines, aro-
matic amines, polycyclic aromatic hydrocarbons, and small
molecules such as unsaturated aldehydes.[6,7] The free rad-
icals in cigarette smoke have been shown to cause lung
diseases, such as chronic obstructive pulmonary disease,
emphysema and lung cancer.[8] Free radicals promote in-
flammation in smokers with chronic obstructive pulmonary
disease by activating the redox sensitive transcription fac-
tors to regulate the gene expression of pro-inflammatory
mediators and endogenous protective antioxidants.[9] Free
radicals from cigarette smoke have also been shown to
cause DNA strand breaking.[10,11] Components of the lung
matrix itself (e.g., collagen, elastin) can be damaged and
fragmented by oxidants in cigarette smoke.[12] The carcino-
genic mechanism of smoking is complicated with various
contributing components, and free radicals are a major
contributor.[13] Therefore, it is important to find an effi-
cient non-toxic free radical scavenging agent to reduce the
health hazards of cigarette smoking.

Current materials used to eliminate free radicals in
cigarette smoke include: natural minerals (e.g., mont-
morillonite, medical stone), trace elements (e.g., zinc,
selenium, molybdenum), antioxidants from plants (e.g.,
Pycnogenol©R , carotenoids, apocynum leaves, tea polyphe-
nols, anthocyanidins), vitamins (e.g., vitamin C, vitamin
E), amino acids (e.g., cysteine, methionine), and other bio-
logical materials (e.g., hemoglobin, enzyme catalysts).[14,15]

While these materials can reduce free radicals in cigarette
smoke they can also be costly, difficult to apply in industry,
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Ginkgo biloba and cigarette toxicity reduction 499

and some lack a significant effect. Although ginkgo biloba
leaf extract (GBE) has been used in Chinese medicine for
thousands of years, reports of its use as a free radical scav-
enger in cigarette smoke are rare.

A standardized GBE with well-defined components has
been developed recently and is consumed in a wide variety
of herbal remedies and dietary supplements.[16] GBE has
attracted widespread attention in the pharmaceutical and
tonic markets and in research laboratories due to its broad
spectrum of beneficial health effects.[17,18] The major phar-
macological substances in GBE include flavonoids, ter-
penoids and proanthocyanidins.[19] The flavonoid fraction
is primarily composed of quercetin, kaempferol, isorham-
netin and their glycosides. The terpenoid fraction includes
the ginkgolides A, B, C and J as well as bilobalide. These
major components function as effective antioxidants and
oxygen free radical scavengers, and are responsible for the
unique pharmacological properties of GBE. It has been re-
ported that GBE is involved in up- and down-regulating
cellular metabolism, protecting cells against toxins, and as-
sisting in balancing physiological status under a variety of
stresses.[20,21]

In this study, GBE was added to cigarette filters and/or
cut fillers to investigate its effects in scavenging free radicals
and on reducing the mutagenicity and toxicity of cigarette
smoke in vivo. A possible mechanism of GBE in scavenging
free radicals is also discussed.

Materials and methods

Materials and reagents

Standardized GBE, containing 24% ginkgo-flavone glyco-
sides (GF) and 6% terpenoids, was obtained from Tian-
Yi Bio-Tech Inc. (Xi’an, P.R. China) and dissolved in
90% ethanol-water solution (10 mg/mL) as a stock so-
lution. Quality control of GBE was performed by high-
performance liquid chromatographic (HPLC) fingerprint
analysis according to the method reported previously.[22]

All other reagents were analytical grade.

The use of GBE in cigarettes and sensory evaluation
of the cigarettes

Cigarette filters consisting of acetate cellulose and cut fillers
of brand A were obtained from Chongqing Cigarette Fac-
tory (P.R. China). During machine molding of the filters
and aromatization of the cut fillers, GBE solution (80 µL) in
90% ethanol-water was added to both the filters (equivalent
to 0.8 mg GBE per filter) and cut fillers (equivalent to 0.8
mg GBE per cigarette). These GBE modified filters and cut
fillers were then attached to cigarettes and labeled as No. 2
and No. 3, respectively. Normal filters and cut fillers were
treated with 80 µL of ethanol-water (90%) per cigarette,
and attached to cigarettes labeled as No. 1 (control group).

Fig. 1. Smoke machine used to create cigarette smoke by imitating
human smoking: 1, cigarette; 2, filter; 3, holding compartment;
4, Cambridge filter; 5, spin trapping solution; and 6, pump.

Other samples containing different doses of GBE were pre-
pared following the same procedure. Sensory evaluation of
the cigarettes was based on national standards.[23]

Generation of cigarette smoke

Cigarette smoke was generated from cigarettes No. 1, No. 2
and No. 3 (described previously) and/or other groups us-
ing a smoking machine to imitate human smoking (Fig. 1).
The smoke flow rate was 400 mL/min, and inhalations (35
mL) occurred once every 2 s over a 1-minute interval. The
cigarette tar was filtered through three layers of Cambridge
glass fiber filter. Without the Cambridge filter, the entire
cigarette smoke sample was obtained in the holding com-
partment, whereas only the gas phase was obtained when
the filter was used. The gas phase smoke was used for deter-
mination of free radicals, chronic and acute toxicity tests,
and for preparation of condensate. The condensate was
obtained by passing the gas phase of the cigarette smoke
through cold acetone. After evaporation of the acetone,
the residual condensate was dissolved in dimethyl sulfoxide
(DMSO) at defined concentrations for subsequent muta-
genicity assays.

Determination of free radicals (Gas-phase and Tar-phase)

Free radicals in cigarette mainstream smoke were detected
by electron spin resonance (ESR) spectroscopy in conjunc-
tion with the spin trapping technique, according to the
method reported previously.[24]

The free radical scavenging rate (A) was calculated using
Equation 1:

A = (B − C)/B × 100% (1)

where B represents the measurements from control samples,
and C represents the measurements from samples contain-
ing GBE.
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500 Wang et al.

Mutagenicity assay

The mutagenicity of cigarette smoke was evaluated by the
Ames test, according to the standard method published
previously.[25] Three levels of condensate (100 µg, 300 µg
and 500 µg) were applied from the cigarette smoke of each
of the three types of cigarettes. Each condensate dose was
applied in triplicate and all tests were repeated twice.

The inhibition rate (D) was calculated using Equation 2:

D = (E − F)/(E − G) × 100% (2)

where E represents reverse mutation of the mutagen control
group (No. 1 cigarettes), F represents reverse mutation of
the test sample group (No. 2 or No. 3 cigarettes), and G
represents reverse mutation of the solvent control group
(Solvent +S9).

Acute toxicity assay of cigarette smoke
in passive-smoking mice

The acute toxicity of cigarette smoke in adult mice was
evaluated using a passive-smoking apparatus over short
time periods (2–4 h), according to the method reported
previously.[26] The three types of cigarettes were tested in
parallel experiments, with each test group including 20
mice (10 male and 10 female). After exposuring of mice
to cigarette smoke, the acute toxicity tests were conducted
and lung tissue histopathology was observed.

Neutral red cytotoxicity assay of cigarette smoke

The neutral red cytotoxicity of cigarette smoke was tested
with the neutral red cytotoxicity assay,[27] a method recom-
mended by the Co-operation Centre for Scientific Research
Relative to Tobacco (CORESTA) to detect toxicology of
tobacco products in vitro.

Chronic toxicity of cigarette smoke in rats

To study the chronic toxicity of cigarette smoke, rats were
exposed to cigarette smoke following the method recom-
mended by the CORESTA.[28] Healthy rats were randomly
divided into four groups of six rats each and exposed
to cigarette smoke from No. 1, No. 2, No. 3 or normal
cigarettes. For cigarette smoke exposure, the rats were
placed in a special smoking device. Cigarette smoke was
generated from 12 cigarettes with an intermission of 30 s
between every two cigarettes, and this was repeated twice
a day for 30 days. After each smoke inhalation period, the
rats remained in the smoking device for fifteen minutes. At
the end of the 30 days, the test rats were weighed and then
dissected. The respiratory tract and lung specimens from
each animal in all groups were embedded in paraffin, sec-
tioned, stained with hematoxylin-eosin, and then examined
under an optical microscope for pathological changes. Mi-

cronucleus testing was conducted to study the mutagenicity
of chronic smoking.

Statistical analysis

The data are expressed as mean±SEM and were analyzed
by analysis of variance (ANOVA). The treatment groups
were compared using the Newman–Keuls test with P <

0.05 as the minimum level of significance.

Results and discussion

Selection of GBE dose and free radical scavenging effects

The amount of GBE in each cigarette had a significant
effect on both free radical scavenging and the sensory eval-
uation (Tables 1–4). The free radical scavenging effect in-
creased when a higher dose of GBE was included in the
filters or cut fillers, until at GBE levels of >0.8 mg the ef-
fect leveled out (Tables 1 and 3). There was a minimal effect
on the sensory evaluation of the cigarettes when the GBE
dose included in either the filters or cut fillers was <0.6 mg.
When the dose was increased to 0.8 mg, again there was
a little impact. Whereas, at a dose of 1.0 mg the sensory
evaluation scores obviously declined compared with the
control groups (Tables 2 and 4). In consideration of both
the free radical scavenging effect and consumer interests,
the optimized dosage was 0.8 mg. With this amount of
GBE, the scavenging effects for gas- and solid-phase free
radicals of cigarettes with modified filters were 30.36% and
32.61%, respectively, and of cigarettes with modified cut
fillers were 24.40% and 21.30%, respectively. GBE dosing
of filters was more beneficial than fillers, with better free
radical scavenging and less sensory impact (Tables 1–4).

In vitro inhibition of cigarette smoke mutagenicity by GBE
in cigarette filters and cut fillers

The mutagenicity of cigarette smoke condensates in the
absence or presence of GBE is given in Table 5. The reverse
mutation of cigarettes No. 2 and No. 3 was lower than
that of No.1. The amount of GBE in the filters or cut fillers
altered the mutagenic effects of the smoke condensates, and
the inhibition rate of GBE in filters was greater than that
in cut fillers.

Acute toxicity tests in mice

When exposed to smoke generated from the cigarettes con-
taining GBE (No. 2 and No. 3), the survival rates of mice
were 40.0% and 38.3%, while the survival rate was only
33.3% when exposed to smoke from the control cigarettes
(No. 1) (Table 6). The median lethal doses were 54 (No. 2)
and 52 (No. 3) cigarettes and the mice started dying after
44 (No. 2) and 42 (No. 3) cigarettes. In the control group
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Table 1. Free radical scavenging effects in cigarette smoke from cigarettes with different amounts of GBE in the filter (No. 2).

GBE filters Gas-phase free radicals Scavenging Solid-phase free radicals Scavenging
(GBE per filter) (relative concentration) effect (relative concentration) effect

0.0 mg (No. 1) 8.73 ± 1.95 0 8.31 ± 2.12 0
0.2 mg 8.02 ± 1.02∗ 8.13% 7.72 ± 2.00∗ 7.10%
0.4 mg 7.31 ± 1.31∗ 16.27% 6.93 ± 1.95∗ 16.61%
0.6 mg 6.79 ± 2.39∗ 22.22% 6.18 ± 1.80∗ 25.63%
0.8 mg (No. 2) 6.08 ± 2.50∗ 30.36% 5.60 ± 1.20∗ 32.61%
1.0 mg 6.03 ± 2.02∗ 30.93% 5.52 ± 1.75∗ 33.57%

Free radicals were detected by electron spin resonance and the scavenging effect was calculated in comparison to measurements conducted using
control cigarettes without GBE (No. 1).
∗Compared with control P < 0.05.

Table 2. The results of sensory evaluation on cigarettes with different amounts of GBE added to the filters (No. 2).∗

GBE filters (GBE per filter) Luster Aroma Harmony Offensive taste Irritancy Aftertaste Total score∗∗

0.0 mg (No. 1) 5.0 29.0 5.5 11.0 18.0 22.0 90.5
0.2 mg 5.0 29.0 5.5 11.0 18.0 22.0 90.5
0.4 mg 5.0 29.0 5.5 11.0 18.0 22.0 90.5
0.6 mg 5.0 29.0 5.5 11.0 18.0 22.0 90.5
0.8 mg (No. 2) 5.0 28.5 5.5 11.0 18.0 21.5 89.5
1.0 mg 5.0 28.0 5.0 11.0 18.0 21.0 88.0

∗The results in each column are average scores from nine experts of sensory evaluation.
∗∗The total score is 100, which is made up of scores for luster (out of 5), aroma (out of 32), harmony (out of 6), offensive taste (out of 12), irritancy
(out of 20) and aftertaste (out of 25).

Table 3. Free radical scavenging effects in cigarette smoke from cigarettes with different amounts of GBE in the cut filler (No. 3).

GBE fillers Gas-phase free radicals Scavenging Solid-phase free radicals Scavenging
(GBE per cigarette) (relative concentration) effect (relative concentration) effect

0.0 mg (No. 1) 8.73 ± 1.95 0 8.31 ± 2.12 0
0.2 mg 8.20 ± 1.85∗ 6.07% 7.87 ± 2.32∗ 5.29%
0.4 mg 7.67 ± 1.96∗ 12.14% 7.43 ± 1.98∗ 10.59%
0.6 mg 7.14 ± 2.01∗ 18.21% 6.99 ± 1.56∗ 15.88%
0.8 mg (No. 3) 6.60 ± 1.43∗ 24.40% 6.54 ± 1.22∗ 21.30%
1.0 mg 6.50 ± 2.13∗ 25.54% 6.43 ± 1.99∗ 22.62%

Free radicals were detected by electron spin resonance and the scavenging effect was calculated in comparison to measurements conducted using
control cigarettes without GBE (No. 1).
∗Compared with control P < 0.05.

Table 4. The results of sensory evaluation on cigarettes with different amounts of GBE added to the cut filler.∗

GBE fillers (GBE per cigarette) Luster Aroma Harmony Offensive taste Irritancy Aftertaste Total score∗∗

0.0 mg (No. 1) 5.0 29.0 5.5 11.0 18.0 22.0 90.5
0.2 mg 5.0 28.5 5.5 11.0 18.0 22.0 90.0
0.4 mg 5.0 28.5 5.5 11.0 18.0 22.0 90.0
0.6 mg 5.0 28.5 5.5 11.0 18.0 22.0 90.0
0.8 mg (No. 3) 5.0 28.0 5.5 11.0 18.0 21.5 89.0
1.0 mg 5.0 28.0 5.0 11.0 18.0 21.0 88.0

∗The results in each column are average scores from nine experts of sensory evaluation.
∗∗The total score is 100, which is made up of scores for luster (out of 5), aroma (out of 32), harmony (out of 6), offensive taste (out of 12), irritancy
(out of 20) and aftertaste (out of 25).
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502 Wang et al.

Table 5. Mutagenicity of cigarette smoke condensate and its inhi-
bition by GBE(0.8 mg/cigarette) in the filter (No. 2) and cut filler
(No. 3) of the cigarette, compared with control cigarettes (No. 1)
that did not contain any GBE.

Group
Condensate

(µg/culture dish)

Reverse mutation
(number/

culture dish)
Inhibition
rate (%)

No. 1 (control
group)

100 64.8 ± 11.8

300 83.2 ± 12.0
500 107.2 ± 9.7

No. 2 100 42.8 ± 10.0 49.66
300 53.2 ± 9.8∗ 47.85
500 70.4 ± 10.5∗∗ 42.45

No. 3 100 51.7 ± 11.1 29.57
300 66.5 ± 9.7∗ 26.63
500 85.1 ± 11.3∗∗ 25.49

Solvent+S9 20.5 ± 2.4

The mutagenicity of cigarette smoke was evaluated by the Ames test.
∗Significance as compared with No. 1: P < 0.05.
∗∗Significance as compared with No. 1: P < 0.01.

(No. 1) the median lethal dose and number of cigarettes
after which mice started dying were 49 and 35, respectively.

During the early passive smoking testing process, the
mice were active. After inhaling the smoke of 10 con-
trol cigarettes, they became inactive, and their ears, nose,
mouth, four toes and tail gradually became bloodshot.
They convulsed before death. In comparison, mice exposed
to smoke from GBE cigarettes were active for longer, had
a prolonged survival time, steadier breathing patterns, and
hyperemia of the ears, nose, mouth, four-toes and tail was
not obvious.

The histopathology of all deceased mice was exam-
ined. All mice that inhaled smoke from cigarettes with-
out GBE (No. 1) had obvious congestion in lung tissue
and small veins. Furthermore, 96.7% of these mice had
vasodilation, congestion of small blood vessels, and expan-
sion of pulmonary vesicles. However, the presence of GBE
in cigarettes reduced the number mice with pathological

Table 6. Acute toxicity of cigarette smoke on mice. Cigarette
smoke was generated from control cigarettes with no GBE
(No. 1), and cigarettes with GBE in the filter (No. 2) or cut filler
(No. 3) (0.8 mg/cigarette).

Group

Total
quantity of

experimental
mice

Survival
rate
(%)

Median lethal
dose in passive

smoking
(cigarettes)

Starting lethal
dose in passive

smoking
(cigarettes)

No. 1
(control
group)

60 33.3 49 35

No. 2 60 40.0 54 44
No. 3 60 38.3 52 42

Table 7. Median lethal dose of cigarette smoke from neutral red
cytotoxicity assay. Cigarette smoke was generated from control
cigarettes with no GBE (No. 1), and cigarettes with GBE in the
filter (0.8 mg/cigarette) (No. 2) or cut filler (No. 3).

Group
Median lethal dose

of tar (LD50, µg/mL)

No. 1 (control group) 141.42
No. 2 213.35
No. 3 202.36

changes to 46.7%. With 0.8 mg of GBE in the cigarette
filters, pathological changes were not readily apparent. It is
clear that GBE as an additive in cigarettes could effectively
reduce the acute toxicity of cigarette smoke.

In Vitro cytotoxicity of cigarette smoke condensate

The neutral red cytotoxicity assay is a method recom-
mended by the CORESTA to detect the in vitro toxicology
of tobacco products, and typically uses cigarette smoke
condensate. The median lethal dose (LD50) for smoke con-
densate from cigarettes with GBE (213.35 µg/mL for No. 2,
202.36 µg/mL for No. 3) was much higher than that for the
control cigarettes (141.42 µg/mL for No. 1) (Table 7). The
in vitro cytotoxicity of cigarettes with GBE was obviously
lower than that of cigarettes without GBE.

In Vivo mutagenicity and toxicity of chronic smoking

The in vivo mutagenicity and the chronic toxicity of
cigarette smoke was investigated by the incidence of mi-
cronuclei in polychromatic erythrocytes (IMPE) in rats
(Table 8), a method recommended by the CORESTA.
IMPE was used to detect chromosomal damage. Com-
pared with a control group not exposed to cigarette smoke
(2.33�), rates of occurrence of micronuclei after exposure
to smoke from cigarettes No. 1 (5.00�), No.2 (3.92�) and

Table 8. The incidence of micronuclei in polychromatic erythro-
cytes after rats were either exposed to cigarette smoke or not
(none, control group). Cigarette smoke was generated from con-
trol cigarettes with no GBE (No. 1), and cigarettes with GBE in
the filter (0.8 mg/cigarette) (No. 2) or cut filler (No. 3).

Cigarette

Number
of cells

observed
Number of
micronuclei

Rate of
micronuclei

(�) P value

None (control) 12,000 28 2.33 0.001∗
No. 1 12,000 60 5.00 0.0281∗∗
No. 2 12,000 47 3.92 0.021∗∗∗
No. 3 12,000 47 3.92

∗Control group to No. 1 group.
∗∗Control group to No. 2 group.
∗∗∗No.1 to No. 2 group.
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Ginkgo biloba and cigarette toxicity reduction 503

Fig. 2. Histopathology of lung tissue in: A, normal rats; B, rats exposed to cigarette smoke from control cigarettes containing no
GBE (No. 1); C, rats exposed to cigarette smoke from cigarettes with GBE added to the filter (No. 2); and D, rats exposed to cigarette
smoke from cigarettes with GBE added to the cut filler (No. 3).

No.3 (3.92�) were all positive (P <0.01). Although there
were no significant differences observed between the two
GBE cigarette groups (No. 2 and No. 3, P > 0.05), the
chromosomal damage they caused was milder than that
from the control cigarettes (No. 1).

There was no evidence of a weight gain difference be-
tween rats exposed to cigarette smoke and the control
group not exposed to cigarette smoke, whereas a vari-
ety of pathological alterations were observed among the
groups (Fig. 2). The lungs of animals exposed to smoke
from cigarettes without GBE showed severe peripheral em-
physema (Fig. 2, B), while the lungs of animals exposed to
smoke from cigarettes with GBE showed only mild periph-
eral emphysema (Fig. 2, C and D). These results indicate
that adding GBE to the cigarettes did not make them more
toxic but did reduce lung damage to a certain extent.

Mechanism of free radical reduction using GBE

Cigarette smoke contains two distinct kinds of free rad-
icals. A quinone/hydroquinone (Q/QH2) complex is the
principal free radical in the tar phase, and functions as an

active redox system to reduce molecular oxygen to super-
oxide. These radicals are long-lived. In the gas phase, small
oxygen-centered and carbon-centered radicals produced in
a steady state by the oxidation of nitric oxide (NO) to ni-
trogen dioxide (NO2) react with reactive species in smoke
such as isoprene. Unlike the radicals associated with the tar
phase, the gas phase radicals have structures that indicate
they will have very short life span, although spin trap exper-
iments demonstrate that these radicals may exist for longer
than 5 minutes. Aqueous extracts of cigarette tar auto-
oxidize to produce semiquinone, hydroxyl, and superoxide
radicals in air-saturated buffered aqueous solutions.[29]

GBE contains 24% GF and 6% terpenoids. It has been
reported that GF, rather than terpenoids, are the main ac-
tive GBE antioxidants in vitro.[30] GF contain many hy-
droxyl groups (-OH), and functional groups reducing these
hydroxyl groups can play a direct antioxidant role in elimi-
nating free radicals.[31] GF are also excellent hydrogen-atom
donors, and can perform hydrogen oxidation to eliminate
free radicals. Hydroxyl groups performing hydrogen oxi-
dation are converted to carbonyl groups, which can then
form hydrogen bonds with adjacent hydroxyl groups in
the molecule and this stabilizes the material undergoing
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504 Wang et al.

oxidation. This action interrupts the free radical chain re-
action, while increasing molecule stability through the for-
mation of 2, 3-position ethylenic linkages and the creation
of a more planar structure. Joint action of the carbonyl and
3- or 5-position hydroxyl group can chelate metal ions. This
makes it difficult for trace metals to function as auxiliary
oxidation agents.

The elimination of O2· by quercetin has been investigated
by chemiluminescence. The relationship between quercetin
and the extent of O2· elimination indicated that the main
active sites for elimination of O2· were the 4’-position hy-
droxyl and 2, 3-position ethylenic linkage.[32] The two 3’,
4’-position hydroxyl groups located in close proximity to
the other groups were also key in the elimination of free
radicals. Hydroxyl groups at other positions also played a
role in O2·elimination.[35]

The structure-antioxidant relationship for the GF was
investigated using structura1 chemistry and the semi-
empirical calculation method of quantum chemistry. Re-
sults indicated that the GF possess high antioxidant ac-
tivity due to the lower formation energy requirements of
semiquinone free radicals in the molecule, and the rela-
tive stability of the free radicals produced. The very uni-
form electronic spin density distribution in the GF also
contributes to their antioxidant ability. A positive correla-
tion was observed between the number of hydroxyl groups
in the molecule, which can form intramolecular hydrogen
bonds, and the GF antioxidant ability. An increased num-
ber of hydroxyl groups contributed to stronger antioxidant
ability for the GF. In summary, the antioxidant activity
of GF could be improved by substitution with hydroxyl
groups, creation of uniform electronic spin density distri-
bution in the GF semiquinone free radicals, and chemical
modification to increase the number of phenolic hydroxyl
or hydrogen bonds in the molecule.[34]

Conclusion

In conclusion, GBE is a readily available extract from the
ginkgo biloba leaf that is used in Chinese herbal medicine,
and is a potent additive when used in cigarettes to reduce
the harmful effects of tobacco products. The addition of
GBE to cigarettes could greatly reduce the free radicals in
cigarette smoke, with highest free radicals clearance rates
in the gas-phase of 30.36% and the solid-phase of 32.61%.
The free radical scavenging effect of GBE in cigarette fil-
ters was greater than that in cut fillers. Biological experi-
ments showed that the addition of GBE to cigarettes re-
markably reduced the mutagenicity of smoke condensate,
the acute toxicity of cigarette smoke, and cytotoxicity of
cigarettes, and no new toxicity was discovered. Exami-
nation of histopathology showed that less lung damage
was induced by GBE cigarettes than by cigarettes without
GBE. The addition of GBE to cigarette filters is feasible
for cigarette production, economical and environmentally

friendly. The results of this study could facilitate the de-
velopment of low harm cigarettes, and consequently GBE
could be widely applied in the tobacco industry in future.
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