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ABSTRACT: This study investigated the protective effect of extracts from flowers of Brassica oleracea L. var. italica Plenck
on type 2 diabetes mellitus and its associated disorders. Three different doses of each extract (petroleum ether, ethanol,
and aqueous) were administered orally for 42 days. Biochemical parameters, behavioral studies, and histological studies
were measured at different periods. Mortality was found to be nil up to 2,000 mg/kg. Statistically significant (P<0.001)
improvement in serum glucose level was observed in the groups receiving 400 mg/kg of petroleum ether, aqueous, or
ethanol extracts compared with the negative control group. Insulin level was decreased by aqueous extracts, whereas lipid
profiles were improved by aqueous and ethanol extracts. A reduction in transfer latency was observed in treatments of all
three extract types. Ethanol extract treatment (400 mg/kg) showed maximum percentage inhibition in a lipid peroxidation
assay. Additionally, the aqueous and ethanol extract treatments markedly reduced tumor necrosis factor-o, interleukin-6,
and glycosylated hemoglobin levels. Histological results showed that high doses of extracts alleviated the damages induced
by type 2 diabetes mellitus in various organs and bones. Based on the results of this study, it can be concluded that B.
oleracea has the potential to alleviate type 2 diabetes mellitus.
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INTRODUCTION

An increase in reactive oxygen species and dysfunction
of antioxidant enzymes may lead to the development of
chronic diseases such as diabetes mellitus, cancer, ather-
osclerosis, nephritis, rheumatism, ischemia, cardiovascu-
lar diseases, and neurodegenerative disorders like Alz-
heimer’s and Parkinson’s diseases. Various studies sug-
gest that a high intake of fruits and vegetables provides
a good source of phytonutrients that reduce the risk of
chronic diseases (Boeing et al., 2012). Diabetic-osteopo-
rosis and diabetes with Alzheimer’s disease are two new
complications identified as associated with type 2 diabe-
tes mellitus (Dreher, 2018). Additionally, both diabetes-
osteoporosis and diabetic Alzheimer’s occur when oxida-

tive stress is present (Liguori et al., 2018). A positive link
between type 2 diabetes mellitus and hip fracture due to
osteoporosis has been reported in the Asian population
with chronic diabetes mellitus in various epidemiological
studies (Abdulameer et al., 2018). Furthermore, patients
with type 2 diabetes mellitus are more prone to memory
impairment than those without diabetes (Mittal and
Katare, 2016; Gupta et al., 2020).

Presently, various insulin preparations (Jacob et al.,
2018) and a wide array of antidiabetic agents are available
for the treatment of diabetes. Nevertheless, managing di-
abetes mellitus using medicines without side effects re-
mains a challenge. There are several options available for
alternative therapy either from herbal plants or nutraceu-
ticals, which can be used as an add-on therapy for long-
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term management of type 2 diabetes mellitus (Gupta et
al., 2011; Gupta et al., 2013; Sharma et al., 2020).

Nutraceuticals, functional foods, and dietary supple-
ments are gaining special attention as adjuvant therapies
or dietary sources in the prevention of various disorders
(Berberich and Hegele, 2018). Brassica, or cruciferous veg-
etables, are an important vegetable food source that in-
cludes cabbage, cauliflower, broccoli, and kohlrabi. One
study has shown that cruciferous vegetables act as a good
source of natural antioxidants and can produce an anti-
diabetic effect (Li et al., 2018). Additionally, there has
been an increase in the popularity and consumption of
vegetable Brassica species because of their nutritional val-
ue (Sanlier and Guler Saban, 2018). Brassica oleracea L. var.
italica Plenck (Brassicaceae) is popularly known as ‘broc-
coli’ or ‘calabrese’ (Gray, 1982) and contains various nu-
trients and health-promoting phytochemicals such as pol-
yphenols (hydroxycinnamic acid esters, quercetin gluco-
sides, kaempferol, lutein, zeaxanthin, and a-tocopherol),
along with high concentrations of selenium and glucosi-
nolates, particularly glucoraphanin and isothiocyanate
sulforaphane (Jahangir et al., 2009). Because of its nutra-
ceutical properties, the present investigation was under-
taken to evaluate the protective effect of B. oleracea against
metabolic complications associated with type 2 diabetes
mellitus.

MATERIALS AND METHODS

Animals

Adult male and female albino Wistar rats (200~250 g)
were procured from an approved animal house at the Na-
tional Institute of Pharmaceutical Education and Research
(Mohali, Punjab, India). The animals were housed under
standard temperature (24~28°C) and relative humidity
(60~70%) conditions with a 12:12 light-dark cycle. The
animals were fed the special diet (Reeves, 1997) and
purchased from Khadya Bhandar (Ambala, India) given
water ad libitum throughout the experiment.

Ethical approval

The study was approved by the Institutional Animal Eth-
ics Committee (MMCP/IEC/12/01-R1). The experiment
was conducted as per the guidelines issued by the Com-
mittee for Control and Supervision of Experiments on
Animals under the Ministry of Animal Husbandry, Gov-
ernment of India.

Drugs and chemicals

Dexamethasone sodium phosphate was a gift from Stri-
des Pharma Science Ltd. (Bangalore, India). Metformin
was obtained as a gift sample from Ind Swift Pharma-
ceutical Ltd. (Parwanoo, India). All other reagents and

chemicals used in the study were of analytical grade. All
drugs were dissolved in distilled water and other suitable
solvents for oral administration.

Plant material

B. oleracea inflorescences (flower, bud, and stem of the
whole plant) were collected from a local agricultural mar-
ket. The plant was identified and authenticated by the Na-
tional Institute of Science Communication and Informa-
tion Resources (NISCAIR), New Delhi, India (NISCAIR/
RHMD/Consult/-2011-12/1988/288). The fresh plant
parts were washed with distilled water to remove debris,
dried at 35~40°C for 10 days, and pulverized using an
electric grinder. The powder obtained was passed through
sieve No. 60 and used for further extraction.

Preparation of B. oleracea phytochemical extracts
Phytochemical extraction was performed on the dried
powder of B. oleracea inflorescences (3 kg) in a Soxhlet ap-
paratus using petroleum ether and ethanol consecutively
for 72 h each. The last trace of solvent was removed via
vacuum drying (Anroop et al., 2005). Crude aqueous ex-
tract of these dried powder materials (1 kg) was freshly
prepared separately by maceration for 24 h. The extracts
were stored between 3°C to 4°C until further use.

Preliminary phytochemical screening

Preliminary phytochemical tests were performed on the
n petroleum ether, ethanol, and aqueous extracts using
standard protocols to identify the possible nature of its
chemical contents (Harborne, 1998; Evans, 2009; Khalil
et al,, 2015).

Profiling of phenolic components in different fractions of
B. oleracea inflorescences via validated high-performance
thin-layer chromatography (HPTLC) and high-performance
liquid chromatography (HPLC)
A validated HPTLC method was used to quantify the
metabolites in the aqueous, ethanol, and petroleum ether
extracts of B. oleracea dried inflorescences. The chroma-
tography was performed on a 20 cmx10 cm precoated
silica gel F254 HPTLC plates using caffeic, benzoic, p-cou-
maric, and trans-cinnamic acids as marker compounds.
The markers, along with the different sample extracts,
were applied using a CAMAG Automatic TLC Sampler 4
(CAMAG, Muttenz, Switzerland) to the HPTLC plate. A
CAMAG Automated Developing Chamber 2 (CAMAG)
was used to develop the HPTLC plate under controlled
conditions (Hossain and Ismail, 2009). The developed
plate was dried and derivatized by spraying with p-anisal-
dehyde reagent and scanned by a computerized CAMAG
TLC Scanner 3 (CAMAG) using visionCATS software ver-
sion 2.5.18072.1 (CAMAG).

For HPLC analysis, 0.5-g fresh mass of broccoli (flow-
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er, bud, and stem of plant) was homogenized in 5 mL of
100% ethanol and then centrifuged at 12,298 g for 20
min at room temperature (25°C) to prepare the ethanol
extract. Subsequently, chlorophyll was removed from
the broccoli samples by treating with a 1:1:1 ratio of sam-
ple, chloroform, and water, vortexing, and centrifuging
(12,298 g) to collect the upper layer of supernatant for
HPLC analysis. Similarly, extraction was performed using
5 mL of 100% petroleum ether to prepare the petroleum
ether extract. The extracts were filtered through a 0.45-
um syringe filter before injection. HPLC analysis of broc-
coli was performed on a Waters C18 column (Sunfire, 5
um, 250 mmx4.6 mm) using a Waters-HPLC system
(Waters Corporation, Milford, MA, USA). Peaks were
identified by comparing their retention time and ultravi-
olet (UV)-spectra to a caffeic acid standard. Chromato-
grams were monitored with a photodiode array detector
at a wavelength of 310 nm. An isocratic solvent system
of 1 mM trifluoroacetic acid in water : methanol [32:68
(v/v)] with a flow rate of 1.0 mL/min for 15 min was
used to elute the caffeic acid.

Acute toxicity test

The median lethal dose (LDsp) of extracts (petroleum
ether, ethanol, and aqueous) in albino male Wistar rats
was determined according to the Organization for Eco-
nomic Cooperation Development guidelines (OECD,
2016). There were 12 groups of rats, with each group
comprising eight rats (male : female=4:4). Each extract
was given orally at varying doses of 5, 50, 300, 500, and
2,000 mg/kg to different groups for 28 days. The rats
were observed individually for acute toxicity signs and
behavioral changes 1 h post-dosing and at least once dai-
ly for 28 days. The bodyweight of the rats was moni-
tored weekly. On the 29th day, after overnight fasting,
one rat of each group was anesthetized with ether, and
blood samples for hematological and biochemical analy-
sis were collected into microfuge tubes (2 mL). Necrosco-
py was performed for each group, and the weight of the
organs was recorded.

Experimental design

Animals were divided into 12 groups with eight rats each.
Group 1 (normal control) was given oral saline. Group 2
was treated with dexamethasone sodium phosphate [10
mg/kg, subcutaneous (s.c.)] and served as a negative con-
trol. Group 3 was administered dexamethasone sodium
phosphate and metformin (200 mg/kg once daily) (Olive-
ira et al., 2016) and served as a standard control. Besides
dexamethasone sodium phosphate injection, Groups 4~
6, Groups 7~9, and Groups 10~12 were treated once
daily with 100, 200, or 400 mg/kg of petroleum ether
extract, ethanol extract, or aqueous extract of B. oleracea,
respectively. In Groups 2~12, insulin resistance in the

form of type 2 diabetes mellitus was induced in over-
night-fasted rats by administering freshly prepared dex-
amethasone sodium phosphate (10 mg/kg s.c.) until the
end of 42nd day. To maintain a diabetic state, dexameth-
asone sodium phosphate was injected for three consecu-
tive days per week (Wego et al., 2019). The diabetic state
was confirmed as a slight increase in serum blood glu-
cose levels after being administered dexamethasone sodi-
um phosphate injection. The dose of dexamethasone so-
dium phosphate was based on preliminary work, which
showed that insulin tolerance was induced within a week
and tolbutamide (10 mg/kg) (Chao et al., 2018) failed to
lower the hyperglycemia levels. Rats with insulin resist-
ance were applied as a model of non-insulin-dependent
diabetes mellitus (type 2 diabetes mellitus), and homeo-
stasis model assessment for insulin resistance (HOMA-
IR) was calculated by the following formula:

HOMA-IR=
fasting insulin (WU/mL) xfasting glucose (mmol/L)/22.5

All the rats received their relevant assigned treatment
daily and specific diet for 42 days (Gupta et al., 2010).

Biochemical estimations

Blood samples were drawn at weekly intervals on the 0,
7th, 14th, 21st, and 42nd days. The rats were anesthetized
with ether, and blood samples were collected by retro-or-
bital puncture. Approximately 30-uL serum was then sep-
arated for the estimation of glucose, triglyceride, high-
density lipoprotein cholesterol (HDL-c), and low-density
lipoprotein cholesterol (LDL-c) levels. Serum insulin level
was also estimated by a radioimmunoassay kit purchased
from Stat Diagnostics (Linco Research Inc., Mumbai, In-
dia). The cytokine levels [tumor necrosis factor (TNF)-o.
and interleukin (IL)-6] were determined on the 40th day
by the sandwich enzyme-linked immunosorbent assay
method (Arokoyo et al., 2018) with a commercially avail-
able kit from Fisher Thermo Scientific Co. (Rockford, IL,
USA). Glycosylated hemoglobin levels were also estimated
using a standard technique (Arokoyo et al., 2018).

Body weight

Rats from each group were weighed at different intervals
(0, 7th, 14th, 21st, and 42nd days) on a digital electronic
balance for small animals.

Lipid peroxidation assay of pancreas and brain

Lipid peroxidation was assessed on the 21st day by meas-
uring the thiobarbituric acid (TBA) reactivity of malon-
dialdehyde as an end product of fatty acid peroxidation.
For this purpose, approximately 0.2 mL of cells or plasma
was suspended in a combination of 0.8 mL of phosphate-
buffered saline and 0.025 mL of butylated hydroxytoluene
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(88 mg/10 mL absolute alcohol). Then, 30% of trichlo-
roacetic acid (0.5 mL) was added. Afterward, the tubes
were vortexed and then allowed to stand on ice for at
least 2 h. The tubes were centrifuged at 2,000 g for 15
min. For each tube, approximately 1 mL of supernatant
was transferred to a new tube, and then, 0.25 mL of 1%
TBA in 0.05 N sodium hydroxide was added. The tubes
were then mixed and kept in a boiling water bath for 15
min, and the concentration of the malondialdehyde-TBA
complex was assessed as described earlier (Konieczka et
al., 2014). The TBA reactive substance (TBARS) values
were expressed as nmol/mg protein.

Assay of superoxide dismutase (SOD) of pancreas and brain
SOD was assayed on the 21st day utilizing the technique
based on inhibition of the formation of nicotinamide ad-
enine dinucleotide, phenazine methosulfate, and amino
blue tetrazolium formazan. A single unit of the enzyme
was expressed as 50% inhibition of nitroblue tetrazolium
reduction/min/mg/protein (Pari and Latha, 2004).

Assay of glutathione peroxidase (GPx) of pancreas and brain

GPx was determined on the 21st day by the method of
Ellman (1959). Supernatant (1 mL) was treated with Ell-
man’s reagent (0.5 mL) and phosphate buffer (3.0 mL;
0.2 M, pH 8.0). The absorbance was read at 412 nm. GPx
activity was expressed as g of GPx consumed/min/mg
protein, and reduced glutathione were expressed as mm/
mg of tissue.

Elevated plus-maze

An elevated plus-maze served as an exteroceptive behav-
ioral model to evaluate rodent learning and memory. The
testing procedure for learning and memory was performed
as previously described (Ellman, 1959). The apparatus
consisted of two open arms (16 cmx5 cm) and two en-
closed arms (16 cmx5 cmx12 cm). The arms extended
from a central platform (5 cmx5 cm), and the apparatus
was elevated to a height of 25 cm from the floor. On the
first day, each rat was placed at the end of an open arm,
facing away from the central platform. Transfer latency
was defined as the time taken by the rat with its four legs
to move into one of the enclosed arms. Transfer latency
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was recorded on the first day. If the animal did not enter
into one of the enclosed arms within 90 s, then it was
pushed gently into one of the two enclosed arms, and
transfer latency was assigned as 90 s. The rat was allowed
to explore the maze for 10 s and then returned to its
home cage. Retention of this learned task was examined
24 h after the first-day trial.

Histological studies

At the end of the experiment (45th day), three animals
from each group were sacrificed under anesthesia using
pentobarbital sodium (60 mg/kg) (Nair et al., 2018); the
pancreas was removed, cut into small fragments, and
fixed overnight in freshly prepared Zamboni’s fixative sol-
ution. Representative fragments were taken from the tail
of the pancreas. They were dehydrated in an ethanol ser-
ies, cleared in xylene, and embedded in paraffin wax. Sec-
tions 7-um thick were cut by microtome and transferred
onto microscopic slides, which were dried at 55°C for 30
min to enhance section attachment. Forbrain and femur
bone sections, samples were isolated and immediately
washed with ice-cold saline solution. A portion of tissue
was fixed in a 10% neutral formalin fixative solution. Af-
ter fixation, tissues were embedded in paraffin wax, solid
sections were cut at 5 um, and the sections were stained
with hematoxylin and eosin.

Statistical analysis

The data were expressed as meanz=standard deviation.
The statistical significance between means was analyzed
using one-way analysis of variance (ANOVA) followed by
Tukey’s multiple comparison test. P<0.05 was consid-
ered statistically significant.

RESULTS

Phytochemical screening

The qualitative analyses showed that all three extracts of
B. oleracea contained major active constituents such as fla-
vonoids, alkaloids, terpenoids, steroids, tannins, and gly-
cosides at different concentrations, whereas saponins and
amino acids were found additionally in the aqueous ex-
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Fig. 1. High-performance thin-layer
chromatography chromatogram with
assigned peak acquired by 254 nm
wavelength absorption densitometric

f\ scan of Brassica oleracea L. extracts.

(A) Different bands of sample ex-
tracts and standard compound and
(B) chromatogram of sample ex-
tracts and standard compounds.
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tract.

Phenolic components profiling by HPTLC and HPLC
Validated HPTLC was applied for quantitative analysis
of the biomarker caffeic acid in different extract solvents
(Fig. 1). Caffeic acid was present in the ethanol and pe-
troleum ether extracts and absent in the aqueous extract.
The R¢ value of caffeic acid was 0.587, and the ethanol
and petroleum ether extracts had R¢ values of 0.563 and
0.574, respectively. HPLC analysis confirmed the pres-
ence of caffeic acid in the purified ethanol and petroleum
ether extract but was absent in aqueous extract. The peak
of caffeic acid was identified by comparing retention time
and the UV-spectrum of standard caffeic acid (Fig. 2).

Toxicity studies

Acute oral toxicity studies showed no mortality or any
major behavioral changes with the extracts given at all
doses tested. Rodents given the highest dose of the pe-
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troleum ether extract (2,000 mg/kg) showed slight inac-
tiveness and slow movement, but no significant changes
were observed in body weight (data not shown).

Levels of blood glucose, insulin, lipid, and glycosylated
hemoglobin

Long-term administration of dexamethasone sodium
phosphate led to a 75% elevation of fasting serum glucose
levels, which was maintained throughout the 42 days.
Significant improvement in blood glucose levels was ob-
served in groups treated with 400 mg/kg of B. oleracea
aqueous (32.31%), ethanol (19.62%), and petroleum
ether (18.65%) extracts from days O to 7 (Table 1). The
aqueous extract at all doses showed a significant reduc-
tion (P<0.001) in the glucose level from the 14th to 45th
days, whereas the ethanol and petroleum ether extracts
showed hypoglycemic activity at higher doses (200 and
400 mg/kg) compared with the negative control group.
Additionally, the lipid profiles indicated that both the
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Table 1. Serum glucose level after treatment with various extracts of Brassica oleracea L. at different intervals in rats with type

2 diabetes mellitus

(unit: mg/dL)

Group 0 day 7th day 14th day 21st day 42nd day
Normal control 87.45+6.16*** 83.11£7.75*** 81.58+5.13*** 89.33+£9.11*** 80.65+£3.17***
Negative control 345.15%0.77 341.40+28.65 355.42+32.19 358.17+£37.81 348.60+43.98

DM + metformin (200 mg/kg)
DM + PEE (100 mag/kg)

DM + PEE (200 mag/kg)

DM + PEE (400 mg/kg)

DM +EE (100 mg/kg
DM +EE (200 mg/kg
DM +EE (400 mg/kg
DM+ AE (100 mag/kg
DM+ AE (200 mg/kg
(

)
)
)
)
)
DM + AE (400 mg/kg)

355.18+51.79
362.11+33.68
387.76+46.17
371.43£43.18

362.8+12.84
385.54+30.19

377.1+29.31
373.23+£40.11
393.32+14.48
378.50+51.23

279.72+38.16*###
344.33+46.24
318.17+39.75™
302.13+24.19**
345.13+44.12
338.16£49.11
303.11+13.48**
355.03+39.19
296.14+40.23*###
256.21427.19**###

183.17+22.58***###
347.71432.12
29821412 29***###
243.11426.11%*###
325.16+17.18
287.61455.14*"*
23211441 78**###
296.21+33.78*#*
212.28+17.16**###
201.17+64.16*#

99.05:+12,19***###
32621477.11™
255.71+14.78**###
197.16+23.18**###
291.27+43.28"
233.14+29 28***##
186.19+42.68***###
220.29+15.01**###
154.71+£14.78*###
152.41429 12***###

75.27+4,13**##

299.13+38.57

221174221 1***###
143.44+23 77+
253.65+40.02**###
184.24428 18***###
137.18+47 14***###
201.09+17.03**###
128.14+15.18**###
123.14423 14+ **###

The values are presented as meanSD for each group (n=8).

Statistical analysis of data was performed using one-way ANOVA followed by Tukey’s multiple range test.

*P<0.05, **P<0.01, and ***P<0.001 compared with negative control group and #£<0.05, **

day O.

P<0.01, and " pP<0.001 compared with

DM, type 2 diabetes mellitus; PEE, petroleum ether extract; EE, ethanol extract: AE, agueous extract; ns, not significant compared

with control group.

ethanol and aqueous extract treated groups showed sig-
nificant improvement in LDL-c and triglyceride levels
(Table 2). It was also observed that 200 and 400 mg/kg
of the aqueous extract markedly elevated the HDL-c level
compared with the negative control group. Furthermore,
serum insulin level was restored to normal when treated
with aqueous extracts (200 and 400 mg/kg). Bodyweight
was reduced (P<0.05) on the 45th day in groups treated
with 400 mg/kg of ethanol extract, 100 mg/kg of aque-
ous extract, and metformin compared with the negative
control group (Table 2). Additionally, glycosylated he-
moglobin levels significantly decreased when treated at a
high dose of 400 mg/kg ethanol (7.54+1.10 mg/g) or
aqueous extracts (7.20=1.40 mg/g) relative to the neg-

ative control group (10.04+1.32 mg/g) (Table 2).

Cytokine parameters

TNF-o and IL-6 levels (Table 3) were higher in the nega-
tive control group than in the treated groups. The aque-
ous (100, 200, and 400 mg/kg) and ethanol (200 and
400 mg/kg) extract significantly lowered TNF-o and IL-6
levels (P<0.05), whereas no changes were observed when
treating with the petroleum ether extract.

Antioxidant parameters

Antioxidant assays revealed interesting results with all
three extracts (petroleum ether, ethanol, and aqueous)
at 400 mg/kg in both the pancreas and brain compared

Table 2. Effect of various extracts of Brassica oleracea L. on serum lipid profile, insulin, and hemoglobin levels at the 42nd day

in type 2 diabetes mellitus

(unit: mg/dL)

Group HDL-c Triglycerides LDL-c Insulin Hb (mg/g)
Normal control 42.13+8.10*** 92.29+12.15*** 97.19+15.90*** 17.03+6.40** 5.33£1.14***
Negative control 18.10£4.50 219.52+18.11 198.18+36.30 35.45+12.11 10.04+1.32
DM + metformin (200 mg/kg)  41.91+7.30*** 104.6+12.15*** 70.11+10.80*** 19.30+7.70* 6.32+£1.10"**
DM + PEE (100 ma/kg) 22.0415.40 190.77+22.87 176.13+£14.98 23.6619.66 991+£1.34
DM + PEE (200 ma/kg) 27.18%6.20 189.27+£22.65 170.12+14.77 26.55+10.04 9.03+£1.20
DM + PEE (400 mag/kg) 20.10+5.80 191.62+24.55 164.20+13.23* 22.9518.45 10.02+1.30
DM +EE (100 mg/kg) 31.4348.00 145.33+£15.22*** 156.33+11.76* 21.05+9.33™ 8.40+1.03
DM+ EE (200 ma/kg) 30.0414.70 132.12+£11.23"** 132.19+£9.54*** 22.8617.88 8.61£1.20
DM +EE (400 mg/kg) 39.10+6.34*** 124.27+£10.12"** 100.05+8.10*** 22.1318.05 7.54+£1.10**
DM+ AE (100 ma/kg) 22.62+10.32 155.44+13.54*** 142.49+11.99*** 22.24+12.67 8.27+1.00
DM + AE (200 ma/kg) 39.524+7.70*** 130.46+15.55*** 144.16+12.45"** 19.14+£11.99* 7.87+1.02*
DM + AE (400 mg/kg) 41.77+£11.60%** 117.12+9.50*** 104.54+£10.41*** 19.01+4.90* 7.20+£1.40%**

The values are presented as mean£SD for each group (n=8).

Statistical analysis of data was performed using one-way ANOVA followed by Tukey’s multiple range test.

*P<0.05, **P<0.01, and ***P<0.001 compared with the negative control group.
HDL-c, high-density lipoprotein cholesterol: LDL-c, low-density lipoprotein cholesterol; Hb, hemoglobin; DM, type 2 diabetes melli-
tus:; PEE, petroleum ether extract: EE, ethanol extract: AE, agueous extract: ns, not significant compared with control group.
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Table 3. Effect of various extracts of Brassica oleracea L. on
cytokine levels in rats with type 2 diabetes mellitus on the 40th

day (unit: pg/mL)
Group TNF-o IL-6

Normal control 19.64+1.21*** 106.39£10.38***
Negative control 58.20+4.81 137.63+11.45
DM + metformin (200 mg/kg) 22.16+2.16*** 110.90+£10.81***
DM + PEE (100 ma/kg) 59.46+£4.96 140.55+12.52
DM + PEE (200 ma/kg) 56.21+4.17 130.38+8.11

DM + PEE (400 ma/kg) 50.38+3.63** 127.31+£9.20
DM+ EE (100 mg/kg) 52.25+£3.55 137.70£8.91

DM +EE (200 mg/kg) 45.22+4.02*** 126.82+9.87*
DM +EE (400 mg/kg) 30.06£2.10"** 122.35+7.04

DM +AE (100 mg/kg) 35.39+£2.96™** 120.69+6.45
DM+ AE (200 mg/kg) 28.84+1.93*** 119.36+8.08*
DM + AE (400 mg/kg) 24.93+1.21*** 113.60+6.30**

The values are presented as meanxSD for each group (n=8).
Statistical analysis of data was performed using one-way ANOVA
followed by Tukey’s multiple range test.

*P<0.05, **P<0.01, and ***P<0.001 compared with the negative
control group.

TNF-o, tumor necrosis factor-alpha; IL-6, interleukin-6; DM,
type 2 diabetes mellitus; PEE, petroleum ether extract; EE,
ethanol extract; AE, agueous extract.

with the negative control group. Among all three extracts,
the ethanol extract at 400 mg/kg showed the most signif-
icant (P<0.001) results in the pancreas (SOD: 64.12%,
GPx: 34.34%, and TBARS: 50.41%) and brain (SOD:
71.38%, GPx: 33.43%, and TBARS: 60.52%) tissues (Ta-
ble 4).

Behavioral studies
Treatment with either the ethanol or aqueous extract re-
sulted in a statistically significant reduction in transfer

latency, indicating tremendous improvement in memory
compared with the negative control group (Table 5).

Histopathological results
The cerebral cortexes of the normal control group (Fig.
3A) were normal in shape and comprised three layers:
molecular, pyramidal, and polymorphic. The pyramidal
layer had normal neuron cells that appeared triangular
with large vesicular nuclei. In the negative control group,
there were significant changes in the shape of the cerebral
cortex with enlarged and pyknotic nuclei and increased
cell size. Lymphocytic infiltration and cellular edema were
also identified because of inflammatory changes in some
parts of the cerebral cortex. Sections revealed a loss of
normal architecture, extensive shrinkage, and observed
empty areas due to the loss of pyramidal cells (Fig. 3B).
Similar changes (Fig. 3D, 3E, and 3G) were also observed
in groups treated with specific doses of petroleum ether
(100 and 200 mg/kg) and ethanol (100 mg/kg), with no
significant improvement and a mild reduction in pyram-
idal cells observed. Sectional showed the normal histolo-
gical structure of the three layers with a mild reduction
in the pyramidal cells compared with the normal control
group. All doses of aqueous, the two higher doses of eth-
anol extract (200 and 400 mg/kg) and the standard drug-
treated groups had remarkable improvement in the regen-
eration of glial cells, and no inflammatory changes were
observed. No histopathological alterations were found in
the molecular, pyramidal, and polymorphic layers in the
cortex compared with the negative control group (Fig.
3C, 3F, 3H~3L).

Microscopic investigation of pancreas sections of nor-
mal control rats showed the normal appearance of islets

Table 4. Effect of different extracts of Brassica oleracea L. on level of antioxidant enzymes and lipid peroxidation (TBARS) on

rat tissue on the 21st day

SOD (U/mg protein)

GPx (mM/mg protein) TBARS (nmol/mg protein)

Group
Pancreas Brain Pancreas Brain Pancreas Brain

Normal control 3.51+0.38"*  4.51+£0.37*** 645012 42***  64.53+3.93*** 0.56+0.18"**  0.46%0.25***
Negative control 1.13+£0.25 1.03+£0.18 39.50+£2.94 38.83+3.76 2.4040.30 2.66+0.28

DM + metformin (200 mg/kg) 3.26+0.38***  3.93+0.31*** 62.33£3.66™*  60.00+2.52*** 1.16+0.38***  1.08+0.18***
DM +PEE (100 mg/kg) 1.65+0.56 1.80+0.58** 40.16£3.31 40.66%5.00 2.0210.11 2.09+0.18***
DM +PEE (200 mg/kg) 2.18+0.53***  2.08+0.22*** 46.8315.54* 44.00£3.79 1.96+0.10* 1.88+0.30***
DM + PEE (400 mg/kg) 2.46%0.58"**  2.95+0.10"** 56.83+5.38***  53.16+3.31*** 1.45+0.36™*  1.72+0.22***
DM +EE (100 mg/kg) 2.13£0.20"**  2.46+0.41*** 43.83+£3.40 45.66+5.20 1.93+0.15* 1.81£0.33***
DM +EE (200 mg/kg) 2.13£0.20"**  2.73+0.36*** 50.66+£4.96***  50.66+5.39*** 1.45+0.15***  1.76+0.15"**
DM +EE (400 mg/kg) 3.15£0.28***  3.60+0.35*** 60.16+2.22***  58.33+3.44*** 1.19£0.30"*  1.05+0.24***
DM+ AE (100 mg/kg) 1.88+0.54* 2.18+0.23*** 41.50£4.76 42.50+4.08 1.99+0.11 1.89+0.30***
DM + AE (200 mg/kg) 2.06£0.39** 2.33+0.42*** 49.50+6.89***  5150+6.50"** 1.61+£0.33***  1.76+0.12***
DM + AE (400 mg/kg) 2.83+£0.49***  3.33+0.42*** 58.66+£3.20***  57.16+4.40*** 1.3£0.35*** 1.13£0.30***

The values are presented as mean£SD for each group (n=8).

Statistical analysis of data was performed using one-way ANOVA followed by Tukey’s multiple range test.

*P<0.05, **P<0.01, and ***P<0.001 compared with the negative control group.

SOD, superoxide dismutase; GPx, glutathione peroxidase; TBARS, thiobarbituric acid reactive substance; DM, type 2 diabetes melli-
tus; PEE, petroleum ether extract: EE, ethanol extract: AE, aqueous extract.
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Table 5. Effect of different extracts of Brassica oleracea L. on
the transfer latency on acquisition day and retention day, at
the 38th and 3%9th day, respectively (unit: s)

Transfer latency

Group
Acquisition day Retention day
Normal control 63.23£3.91***  70.68+6.70***
Negative control 162.58+8.34 169.59+10.03
DM + metformin (200 mg/kg) 67.39+£3.66™**  24.40+2.81***
DM + PEE (100 mg/kg) 164.64+8.56 160.21£5.25

182.18+8.97*** 167.27+£6.07
101.44+7.23***  79.19+3.99***
142.71+£7.15*** 138.55+£4,51***

DM + PEE (200 ma/kg)
DM + PEE (400 ma/kg)
DM +EE (100 mg/kg

DM +EE (200 mg/kg 119.20£6.22***  92.53+4.57***
DM +EE (400 mg/kg 65.31+£3.40"*  46.10+£3.04™**
DM+ AE (100 mg/kg 99.54+596™*  37.18+3.49***

DM+ AE (200 mg/kg
DM + AE (400 ma/kg

81.59+7.63***
49.231£6.13***

53.09£4.71***
24.37+1.86™**

The values are expressed as mean+SD for each group (n=8).
Statistical analysis of data was performed using one-way ANOVA
followed by Tukey’s multiple range test.

***P<0.001 compared with the negative control group.

DM, type 2 diabetes mellitus; PEE, petroleum ether extract; EE,
ethanol extract; AE, agueous extract.

of Langerhans (Fig. 4A). Negative control rats (Fig. 4B)
had pathological changes of both exocrine and endocrine
components. In the pancreas morphology, the acinar and

B cells of the pancreas were damaged and shrunken in
size. Infiltration of lymphocytes was also seen in compar-
ison with the normal control group. Islets B-cells were
almost entirely lost in the negative control group. The
pancreatic § cells showed remarkable improvement in the
ethanol and aqueous extract treated groups (Fig. 4H~
4L) compared with the negative control group. Cellular
regeneration was also observed in all treated groups at
higher doses.

Femur bones of different extract treated groups (Fig.
5F, 51, 5K, and 5L) were improved significantly; partic-
ularly, the trabeculae and Haversian canal were similar to
those of the normal control group (Fig. 5A). Destruction
of the medullary cavity (Fig. 5B) was observed within the
bone tissue in the negative control group. Negative con-
trol rats also displayed a thin trabecular structure of the
cancellous bone along with lesser cells. Thus, the nega-
tive control rats showed invasion and irregularities in
both the outer and inner surfaces of the bone tissue in
some places. Regarding trabeculae thickness, all three
extracts at 400 mg/kg showed a significant anti-osteo-
pathic effect when compared with the negative control
group (Fig. 6). It was also observed that trabecular bones
were arranged in a more orderly manner and bone ma-
trix density increased at higher doses.

Fig. 3. Light photomicrographs (45X magnification) of rat brain sections from different experimental groups: (A) normal control,
(B) negative control, (C) 200 mg/kg of metformin, (D) 100 mg/kg of petroleum ether extracts of Brassica oleracea (PEE), (E) 200
mga/kg of PEE, (F) 400 mg/kg of PEE, (G) 100 mg/kg of ethanol extract of B oleracea (EE), (H) 200 mg/kg of EE, (I) 400 mg/kg
of EE, (J) 100 mg/kg of aqueous extract of B, oleracea (AE), (K) 200 mg/kg of AE, and (L) 400 mg/kg of AE. The arrows indicate
neuron cells. (A) The normal control group showed a normal appearance in the cerebral cortex structure. (B, D, E, and G) Negative
control and treated groups showed a loss of internal structure. Distorted pyramidal layers revealed degenerative changes and
observed shrinkage in pyramidal cells. (C, F, and H~L) Remarkable improvement in the regeneration of glial cells and no in-
flammatory changes were observed. The pyramidal layer showed the reappearance of normal pyramidal cells.
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Fig. 4. Light photomicrographs (45X magnification) of rat pancreas sections from different experimental groups: (A) normal control,
(B) negative control, (C) 200 mg/kg of metformin, (D) 100 mg/kg of petroleum ether extracts of Brassica oleracea (PEE), (E) 200
mg/kg of PEE, (F) 400 mg/kg of PEE, (G) 100 mg/kg of ethanol extract of B. oleracea (EE), (H) 200 mg/kg of EE, (I) 400 mg/kg
of EE, (J) 100 mg/kg of aqueous extract of B. oleracea (AE), (K) 200 mg/kg of AE, and (L) 400 mg/kg of AE. The arrows indicate
the appearance of pancreas. (A) The normal control group showed normal architecture of the pancreas. (B) The negative control
group showed pathological changes of both endocrine and exocrine components. Acinar and B cells of the pancreas were damaged
and shrunken in size. (H~L) Pancreatic B cells showed remarkable improvement and observed regeneration of islets of Langerhans.

Fig. 5. Light photomicrographs (45X magnification) of rat femur bone sections from different experimental groups: (A) normal
control, (B) negative control, (C) 200 mg/kg of metformin, (D) 100 mg/kg of petroleum ether extracts of Brassica oleracea (PEE),
(E) 200 mag/kg of PEE, (F) 400 mg/kg of PEE, (G) 100 mg/kg of ethanol extract of B oleracea (EE), (H) 200 mg/kg of EE, (I) 400
mga/kg of EE, (J) 100 mg/kg of aqueous extract of B. oleracea (AE), (K) 200 mg/kg of AE, and (L) 400 mg/kg of AE. The arrows
indicate the bone stucture. (A) The normal control group showed original microstructure in thickness. (B) Negative control showed

destruction of the medullary cavity and decreased femoral thickness. (F, I, K, and L) Improvement in femur bones was observed,
especially the trabeculae and Haversian canal.
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Fig. 6. Femur bone thickness of different groups on the 45th
day. The negative control was less thick than the normal control
group. Different extracts at high doses showed excellent im-
provement in thickness relative to the normal control, whereas
low doses had decreased thickness. The values are presented
as meanzSD for each group (n=8). *P<0.05, **P<0.01, and
***P<0.001 compared with a negative control group. AE, ani-
mals treated with aqueous extract of Brassica oleracea; EE, an-
imals treated with ethanol extract of B oleracea: PEE, animals
treated with petroleum ether extract of B oleracea: Metformin,
animals treated with metformin (200 mg/kg); Negative control,
a diseased animal with no treatment; Normal, animals treated
with oral saline.

DISCUSSION

Overexposure to free radicals can cause oxidative damage
to essential cellular structures that consequently leads to
various chronic diseases such as atherosclerosis, cancer,
diabetes, rheumatoid arthritis, postischemic perfusion
injury, cardiovascular diseases, chronic inflammation,
stroke, and other degenerative diseases in humans
(Phaniendra et al., 2015; Sun et al., 2018; Forman and
Zhang, 2021). Diabetes mellitus is a metabolic disorder
that is characterized by higher levels of glucose in the
blood and insufficient production or action of insulin
(Asmat et al., 2016). Type 2 diabetes mellitus is charac-
terized by insulin resistance and is a serious metabolic
disorder in the world (Acharjee et al., 2013). Moreover,
insulin resistance induces the release of cytokines like
TNF-o. and IL-6, which may lead to the development of
oxidative stress in the liver and may reduce mitochondri-
al levels of SOD, and glutathione and increase produc-
tion of H,O, radicals, leading to lipid peroxidation (Vona
et al., 2019). Both longitudinal and cross-sectional stud-
ies have shown that insulin resistance is one of the key
factors responsible for diabetic-associated complications
like osteoporosis and dementia (Zilliox et al., 2016). Fur-
thermore, a study has shown that the association of dia-
betes with Alzheimer’s and osteoporosis is linked to ac-
tivation of the cytokine network and subsequent release
and elevation of different oxidative markers such as TNF-
o, IL-6, and IL-18, receptor activator of nuclear factor
kappa B (NF-xB), and monocyte chemoattractant pro-

tein-1 (Tan et al., 2018).

The discovery of new treatment strategies for the effec-
tive therapy of type 2 diabetes mellitus has attracted ex-
tensive interest. Indeed, plant-based nutraceutical supple-
ments containing a significant amount of bioactive con-
stituents can provide desirable health benefits for socie-
ty. Various parts of the plant including leaf, fruit, outer
bark, and root are used to enhance memory in traditional
Asian medicine. Thus, various research groups are active-
ly studying mouse models of Alzheimer’s disease to iden-
tify plant extracts that can reduce the severity of this dis-
ease with major interest focusing on phytoconstituents,
which possess antioxidant activity (Pandey and Rizvi,
2009). Studies suggest that cruciferous edible plants in-
cluding vegetables are functional foods with some of the
best sources of antioxidants (Manchali et al., 2012). Veg-
etables from the Brassicaceae family are rich in many
components beneficial to health, including high levels of
glucosinolates (sulforaphane), polyphenolic compounds
(anthocyanins, quercetin, kaempferol, hydroxycinnamic
acid, and isorhamnetin derivatives), vitamins (C and K1),
and dietary essential minerals (Ca, Mg, Na, K, Fe, and Zn)
(Li et al., 2018; Huang et al., 2019). Thus, they possess
beneficial compounds that can prevent oxidative stress
and stimulate the immune system (Kapusta-Duch et al.,
2012). Indeed, the leaf of B. oleracea is considered as a su-
perfood (Manchali et al., 2012), it contains high levels of
well-balanced minerals and vitamins such as B-carotene
and amino acids (Samec et al., 2019). The protective ac-
tivity of B. oleracea against oxidative damage is also re-
ported by Cho et al. (2006). To assess the chemical pro-
file of broccoli, a study has used liquid chromatography-
UV diode-array detection-electrospray ionization mass
spectrometry to estimate the contents of polyphenols and
flavonoids (Vallejo et al., 2004). The present study dem-
onstrated the presence of polyphenols, flavonoids, and
triterpenoids in B. oleracea flowers. These phytochemical
results are consistent with another earlier study (Ahmed
et al., 2012). Among different extracts we assessed, caffe-
ic acid was found in the petroleum ether and ethanol ex-
tracts by HPTLC analysis. The anti-osteoporotic effect of
B. oleracea may be due to the presence of lignans (phyto-
estrogens), which is demonstrated in another study
(Wang et al., 2017). The antidiabetic activity of nutraceu-
ticals or natural compounds has also been reported in
many studies (Gupta et al.,, 2011; Gupta et al., 2013;
Berberich and Hegele, 2018; Sharma et al., 2020). In the
LDso study, no mortality or major behavioral changes
were observed at a dose up to 2,000 mg/kg (Shah et al.,
2016). In this study, rats were administered dexametha-
sone sodium phosphate continuously for 3 days per week
for 45 days to ensure the induction of insulin resistance.
Dexamethasone sodium phosphate induces hyperglyce-
mia, which is reversible as it does not impair insulin sig-
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naling despite impairment in insulin action. In a dexa-
methasone rat model, we observed that the oral admin-
istration of B. oleracea extracts (ethanol and aqueous) for
45 days reversed the diabetic effect and prevented diabe-
tic osteopathy and diabetic neurodegenerative disorder.
Reduction of cholesterol and triglyceride levels were no-
ticed in groups treated with aqueous and ethanol extracts.
Additionally, the plant extracts improved lipid profiles in
a rat model with insulin resistance. Earlier studies have
demonstrated that B. oleracea has great potential to de-
crease the cholesterol level in Japanese populations fol-
lowing administration of 99 g of broccoli sprouts daily for
a week (Murashima et al., 2004). Furthermore, long-term
administration of these extracts shows significant inhibi-
tion in lipid peroxidation activity. In other similar studies,
oral administration of broccoli (100 and 200 mg/kg) de-
creases serum TBARS (Cho et al., 2006), which are im-
portant markers of lipid peroxidation. A significant de-
crease in malondialdehyde and oxidized LDL~c is observed
in diabetic patients treated with broccoli powder (10 g/d)
(Bahadoran et al., 2011).

Histopathology of bone and brain images demonstrated
a significant improvement in the morphological structure
(internal and external) with higher doses of each B. oler-
acea extract. In the elevated plus-maze test, memory was
significantly improved by treatment with the aqueous and
ethanol extracts. Myricetin is one of the active compounds
present in B. oleracea which shows neuroprotective abil-
ity via anti-amyloid and anti-secretase activity and is re-
sponsible for retaining memory (Baptista et al., 2014).
Our results are consistent with an earlier study that re-

ports the presence of glucosinolates in broccoli (Prieto et
al., 2019).

TNF-o plays an important role in insulin resistance and
the vascular inflammation process through multiple ac-
tions (da Costa et al., 2016). At low and high concentra-
tions, TNF-a reduces the activity of the insulin-stimu-
lated receptor tyrosine kinase that decreases the expres-
sion of insulin receptor substrate-1 through the phos-
phorylation of serine residue 307, which may affect the
downstream signaling (da Costa et al., 2016). Regarding
the cytokine levels in our study, B. oleracea extracts had
an inhibitory effect on the release of TNF-o. and IL-6. A
study conducted by Ritz et al. (2007) suggests that sul-
foraphane has the potential to inhibit the production of
proinflammatory cytokines. Sulforaphane, a natural iso-
thiocyanate compound present in broccoli plants, has an-
tioxidative and anti-inflammatory activity (Huang et al.,
2019). The antidiabetic effect of sulforaphane may be due
to activation of the Nrf2 system that binds to the nucle-
otide sequence of the antioxidative response element that
encodes antioxidant enzymes (Fig. 7) including heme ox-
ygenase-1, Mn-SOD, sequestosome 1, nicotinamide ade-
nine dinucleotide phosphate hydrate quinine oxidoreduc-
tase 1, GPx, glutathione S-transferase Al, and glutamate-
cysteine ligase. These enzymes may activate the Nrf2 de-
pendent antioxidant response signaling pathway and also
inactivate NF-kB, a key modulator of inflammatory path-
ways that may lead to the hypoglycemic effect. Sulfora-
phane can also protect dopaminergic cells by induction
of thioredoxin (Bahadoran et al., 2011) and acts as a his-
tone deacetylase inhibitor and peroxisome proliferator-
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activated receptors modulator, which contributes to lipid
metabolism and glucose homeostasis (Hu et al., 2006).
Nrf2 activators are also a well-established product avail-
able in the market as an antioxidant and a detoxification
support formula. Some clinical studies have reported anti-
cancer and antihyperlipidemic activity of broccoli sprouts
(10 g/d), which has proven clinically feasible in the treat-
ment of communicable and non-communicable diseases
(Wong et al., 1997).

The overall data from the present study demonstrated
the potential of ethanol and aqueous extracts of B. oleracea
against dexamethasone sodium phosphate-induced type 2
diabetes mellitus and its associated disorders. Neverthe-
less, our study was limited by our ability to isolate and
characterize pure compounds from the bioactive extracts.
In the future, the bioactive fraction of these extracts
should be used to explore the molecular mechanism in-
volved and should be viewed as new candidates for the
treatment of diabetes mellitus and its associated disor-
ders.

ACKNOWLEDGEMENTS

The authors are grateful to the management of the
Maharishi Markandeshwar (Deemed to be University)
for offering the requisite technical help to accomplish
this study. The authors gratefully acknowledge the col-
leagues for encouraging and providing the necessary re-
search facilities to conduct this study.

FUNDING

None.

AUTHOR DISCLOSURE STATEMENT

The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

Concept and design: SG, SB. Analysis and interpretation:
SG, SB, ABN. Data collection: SG, SB, ABN, DS. Writing
the article: SG, ABN, MD, DM, RD, HEK. Critical revision
of the article: SG, ABN, HEK. Final approval of the arti-
cle: all authors. Statistical analysis: SG, ABN. Obtained
funding: none. Overall responsibility: SG, ABN.

REFERENCES

Abdulameer SA, Sahib MN, Sulaiman SAS. The prevalence of
osteopenia and osteoporosis among Malaysian type 2 diabetic
patients using quantitative ultrasound densitometer. Open
Rheumatol J. 2018. 12:50-64.

Acharjee S, Ghosh B, Al-Dhubiab BE, Nair AB. Understanding
type 1 diabetes: etiology and models. Can J Diabetes. 2013. 37:
269-276.

Ahmed MF, Rao AS, Ahemad SR, Ibrahim M. Phytochemical stud-
ies and antioxidant activities of Brassica oleracea L. var. capitata.
Int J Pharm Pharm Sci. 2012. 4:374-378.

Anroop B, Ghosh B, Parcha V, Vasanti S. Studies on Ocimum gra-
tissimum seed mucilage: evaluation of suspending properties.
Indian ] Pharm Sci. 2005. 67:206-209.

Arokoyo DS, Oyeyipo IP, Du Plessis SS, Chegou NN, Aboua YG.
Modulation of inflammatory cytokines and islet morphology
as therapeutic mechanisms of Basella alba in streptozotocin-
induced diabetic rats. Toxicol Res. 2018. 34:325-332.

Asmat U, Abad K, Ismail K. Diabetes mellitus and oxidative stress
—a concise review. Saudi Pharm J. 2016. 24:547-553.

Bahadoran Z, Mirmiran P, Hosseinpanah F, Hedayati M, Hos-
seinpour-Niazi S, Azizi F. Broccoli sprouts reduce oxidative
stress in type 2 diabetes: a randomized double-blind clinical
trial. Eur J Clin Nutr. 2011. 65:972-977.

Baptista FI, Henriques AG, Silva AM, Wiltfang J, da Cruz e Silva
OA. Flavonoids as therapeutic compounds targeting key pro-
teins involved in Alzheimer’s disease. ACS Chem Neurosci.
2014. 5:83-92.

Berberich AJ, Hegele RA. Nutraceuticals in 2017: nutraceuticals
in endocrine disorders. Nat Rev Endocrinol. 2018. 14:68-70.

Boeing H, Bechthold A, Bub A, Ellinger S, Haller D, Kroke A, et
al. Critical review: vegetables and fruit in the prevention of
chronic diseases. Eur J Nutr. 2012. 51:637-663.

Chao PC, Li Y, Chang CH, Shieh JP, Cheng JT, Cheng KC. Inves-
tigation of insulin resistance in the popularly used four rat
models of type-2 diabetes. Biomed Pharmacother. 2018. 101:
155-161.

Cho EJ, Lee YA, Yoo HH, Yokozawa T. Protective effects of broc-
coli (Brassica oleracea) against oxidative damage in vitro and in
vivo. ] Nutr Sci Vitaminol. 2006. 52:437-444.

da Costa RM, Neves KB, Mestriner FL, Louzada-Junior P, Bruder-
Nascimento T, Tostes RC. TNF-o. induces vascular insulin re-
sistance via positive modulation of PTEN and decreased Akt/
eNOS/NO signaling in high fat diet-fed mice. Cardiovasc Dia-
betol. 2016. 15:119. https://doi.org/10.1186/512933-016-
0443-0

Dreher ML. Whole fruits and fruit fiber emerging health effects.
Nutrients. 2018. 10:1833. https://doi.org/10.3390/nul012
1833

Ellman GL. Tissue sulfhydryl groups. Arch Biochem Biophys.
1959. 82:70-77.

Evans WC. Phytochemical screening. In: Evans WC, editor. Trease
and Evans’ Pharmacognosy. 16th ed. Saunders, London, UK.
2009. p 196-202.

Forman HJ, Zhang H. Targeting oxidative stress in disease: prom-
ise and limitations of antioxidant therapy. Nat Rev Drug Discov.
2021. 20:689-709.

Gray AR. Taxonomy and evolution of broccoli (Brassica oleracea
var. italica). Econ Bot. 1982. 36:397-410.

Gupta A, Nair A, Kumria R, Al-Dhubiab BE, Chattopadhyaya I,
Gupta S. Assessment of pharmacokinetic interaction of spiru-
lina with glitazone in a type 2 diabetes rat model. ] Med Food.
2013. 16:1095-1100.

Gupta S, Hrishikeshvan HJ, Sehajpal PK. Spirulina protects against
rosiglitazone induced osteoporosis in insulin resistance rats.



62 Gupta et al.

Diabetes Res Clin Pract. 2010. 87:38-43.

Gupta S, Mehla K, Chauhan D, Kumar S, Nair A. Morphological
changes and antihyperglycemic effect of M. Champaca leaves ex-
tract on beta-cell in alloxan induced diabetic rats. Recent Res
Sci Technol. 2011. 3:81-87.

Gupta S, Nair A, Jhawat V, Mustaq N, Sharma A, Dhanawat M, et
al. Unwinding complexities of diabetic Alzheimer by potent
novel molecules. Am J Alzheimers Dis Other Demen. 2020.
35:1533317520937542. https://doi.org/10.1177/153331752
0937542

Harborne JB. Phytochemical methods: a guide to modern tech-
niques of plant analysis. 3rd ed. Chapman & Hall, London, UK.
1998. p 21-72.

Hossain MA, Ismail Z. High performance thin layer chromatogra-
phic determination of caffeic acid and rosmarinic acid from the
leaves of Orthosiphon stamineus. Indones J Chem. 2009. 9:137-
141.

HuR, Xu C, Shen G, Jain MR, Khor TO, Gopalkrishnan A, et al.
Gene expression profiles induced by cancer chemopreventive
isothiocyanate sulforaphane in the liver of C57BL/6] mice and
C57BL/6]/Nrf2 (-/-) mice. Cancer Lett. 2006. 243:170-192.

Huang C, WuJ, Chen D, Jin J, Wu Y, Chen Z. Effects of sulfora-
phane in the central nervous system. Eur J Pharmacol. 2019.
853:153-168.

Jacob S, Morsy MA, Nair A. An overview on the insulin prepara-
tions and devices. Indian ] Pharm Educ Res. 2018. 52:550-557.

Jahangir M, Kim HK, Choi YH, Verpoorte R. Health-affecting com-
pounds in Brassicaceae. Compr Rev Food Sci Food Saf. 2009.
8:31-43.

Kapusta-Duch J, Kope¢ A, Piatkowska E, Borczak B, Leszczynska
T. The beneficial effects of Brassica vegetables on human
health. Rocz Panstw Zakl Hig. 2012. 63:389-395.

Khalil HE, Aljeshi YM, Saleh FA. Authentication of Carissa macro-
carpa cultivated in Saudi Arabia; botanical, phytochemical and
genetic study. ] Pharm Sci Res. 2015. 7:497-508.

Konieczka P, Rozbicka-Wieczorek AJ, Wiesyk E, Smulikowska S,
Czauderna M. Improved derivatization of malondialdehyde
with 2-thiobarbituric acid for evaluation of oxidative stress in
selected tissues of chickens. J Anim Feed Sci. 2014. 23:190-
197.

Li Z, Lee HW, Liang X, Liang D, Wang Q, Huang D, et al. Profiling
of phenolic compounds and antioxidant activity of 12 crucifer-
ous vegetables. Molecules. 2018. 23:1139. https://doi.org/10.
3390/molecules23051139

Liguori I, Russo G, Curcio F, Bulli G, Aran L, Della-Morte D, et
al. Oxidative stress, aging, and diseases. Clin Interv Aging.
2018. 13:757-772.

Manchali S, Murthy KNC, Patil BS. Crucial facts about health
benefits of popular cruciferous vegetables. ] Funct Foods. 2012.
4:94-106.

Mittal K, Katare DP. Shared links between type 2 diabetes melli-
tus and Alzheimer’s disease: a review. Diabetes Metab Syndr.
2016. 10:5144-S149.

Murashima M, Watanabe S, Zhuo XG, Uehara M, Kurashige A.
Phase 1 study of multiple biomarkers for metabolism and oxi-
dative stress after one-week intake of broccoli sprouts. Biofac-
tors. 2004. 22:271-275.

Nair A, Morsy MA, Jacob S. Dose translation between laboratory
animals and human in preclinical and clinical phases of drug
development. Drug Dev Res. 2018. 79:373-382.

OECD. Test no. 474: mammalian erythrocyte micronucleus test,
OECD guidelines for the testing of chemicals, section 4. 2016
[cited 2016 Jul 29]. Available from: https://doi.org/10.1787/
9789264264762-en

Oliveira WH, Nunes AK, Franca ME, Santos LA, Lés DB, Rocha
SW, et al. Effects of metformin on inflammation and short-
term memory in streptozotocin-induced diabetic mice. Brain

Res. 2016. 1644:149-160.

Pandey KB, Rizvi SI. Plant polyphenols as dietary antioxidants in
human health and disease. Oxid Med Cell Longev. 2009. 2:270-
278.

Pari L, Latha M. Protective role of Scoparia dulcis plant extract on
brain antioxidant status and lipidperoxidation in STZ diabetic
male Wistar rats. BMC Complement Altern Med. 2004. 4:16.
https://doi.org/10.1186/1472-6882-4-16

Phaniendra A, Jestadi DB, Periyasamy L. Free radicals: properties,
sources, targets, and their implication in various diseases. In-
dian J Clin Biochem. 2015. 30:11-26.

Prieto MA, Lopez CJ, Simal-Gandara J. Glucosinolates: molecular
structure, breakdown, genetic, bioavailability, properties and
healthy and adverse effects. Adv Food Nutr Res. 2019. 90:305-
350.

Reeves PG. Components of the AIN-93 diets as improvements in
the AIN-76A diet. ] Nutr. 1997. 127:838S-841S.

Ritz SA, Wan J, Diaz-Sanchez D. Sulforaphane-stimulated phase
II enzyme induction inhibits cytokine production by airway ep-
ithelial cells stimulated with diesel extract. Am J Physiol Lung
Cell Mol Physiol. 2007. 292:133-L39.

Samec D, Urli¢ B, Salopek-Sondi B. Kale (Brassica oleracea var. ace-
phala) as a superfood: review of the scientific evidence behind
the statement. Crit Rev Food Sci Nutr. 2019. 59:2411-2422.

Sanlier N, Guler Saban M. The benefits of Brassica vegetables on
human health. ] Hum Health Res. 2018. 1:104. https://article.
scholarena.co/The-Benefits-of-Brassica-Vegetables-on-Hum
an-Health.pdf

Shah MA, Sarker MMR, Gousuddin M. Toxicity study of Brassica
oleracea var. italica extracts in Sprague Dawley (SD) rats. Int ]
Pharmacogn Phytochem Res. 2016. 8:735-741.

Sharma A, Gupta S, Chauhan S, Nair A, Sharma P. Astilbin: a
promising unexplored compound with multidimensional me-
dicinal and health benefits. Pharmacol Res. 2020. 158:104894.
https://doi.org/10.1016/j.phrs.2020.104894

Sun MS, Jin H, Sun X, Huang S, Zhang FL, Guo ZN, et al. Free
radical damage in ischemia-reperfusion injury: an obstacle in
acute ischemic stroke after revascularization therapy. Oxid Med
Cell Longev. 2018. 2018:3804979. https://doi.org/10.1155/
2018/3804979

Tan BL, Norhaizan ME, Liew WP, Sulaiman Rahman H. Antioxi-
dant and oxidative stress: a mutual interplay in age-related
diseases. Front Pharmacol. 2018. 9:1162. https://doi.org/10.
3389/fphar.2018.01162

Vallejo F, Tomas-Barberan FA, Ferreres F. Characterisation of fla-
vonols in broccoli (Brassica oleracea L. var. italica) by liquid chro-
matography-UV diode-array detection-electrospray ionisation
mass spectrometry. ] Chromatogr A. 2004. 1054:181-193.

Vona R, Gambardella L, Cittadini C, Straface E, Pietraforte D. Bio-
markers of oxidative stress in metabolic syndrome and associ-
ated diseases. Oxid Med Cell Longev. 2019. 2019:8267234.
https://doi.org/10.1155/2019/8267234

Wang T, Liu Q, Tjhioe W, ZhaoJ, Lu A, Zhang G, et al. Therapeu-
tic potential and outlook of alternative medicine for osteopo-
rosis. Curr Drug Targets. 2017. 18:1051-1068.

Wego MT, Poualeu Kamani SL, Miaffo D, Nchouwet ML, Kamanyi
A, Wansi Ngnokam SL. Protective effects of aqueous extract of
Baillonella toxisperma stem bark on dexamethasone-induced in-
sulin resistance in rats. Adv Pharmacol Sci. 2019. 2019:
8075163. https://doi.org/10.1155/2019/8075163

Wong GY, Bradlow L, Sepkovic D, Mehl S, Mailman J, Osborne
MP. Dose-ranging study of indole-3-carbinol for breast cancer
prevention. J Cell Biochem Suppl. 1997. 28-29:111-116.

Zilliox LA, Chadrasekaran K, Kwan JY, Russell JW. Diabetes and
cognitive impairment. Curr Diab Rep. 2016. 16:87. https://
doi.org/10.1007/511892-016-0775-x




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /04b03
    /04b03b
    /04b08
    /04b09
    /04b11
    /04b19
    /04b20
    /04b21
    /04b24
    /04b25
    /26
    /6px2bus
    /911Porscha
    /AachenBT-Bold
    /AachenBT-Roman
    /AardvarkCafe
    /AbadiMT-CondensedExtraBold
    /AbadiMT-CondensedLight
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AccentSwissCheese
    /AdLibBT-Regular
    /AdobeFangsongStd-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AdventureNormal
    /AFPEPSI
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /ahn2006-B
    /ahn2006-L
    /ahn2006-M
    /AirbusSpecial
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /AlefbetNormal
    /Algerian
    /AlgerianBasD
    /AlgerianD
    /AlienLeague
    /AllegroBT-Regular
    /AlmanacMT
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmericanaBT-Bold
    /AmericanaBT-ExtraBold
    /AmericanaBT-ExtraBoldCondensed
    /AmericanaBT-Italic
    /AmericanaBT-Roman
    /AmericanGaramondBT-Bold
    /AmericanGaramondBT-BoldItalic
    /AmericanGaramondBT-Italic
    /AmericanGaramondBT-Roman
    /AmericanTextBT-Regular
    /AmericanUncD
    /AmerigoBT-BoldA
    /AmerigoBT-BoldItalicA
    /AmerigoBT-ItalicA
    /AmerigoBT-MediumA
    /AmerigoBT-MediumItalicA
    /AmerigoBT-RomanA
    /AmerTypewriterITCbyBT-Bold
    /AmerTypewriterITCbyBT-Medium
    /AmiR-HM
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntiqueRegular
    /AppleGaramond
    /AppleGaramond-Bold
    /AppleGaramond-BoldItalic
    /AppleGaramond-Italic
    /AppleGaramondLight
    /AppleGaramondLight-Italic
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoldBoeD
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /ArribaArribaLetPlain
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /ArsisD-Regu
    /ArsisD-ReguItal
    /AtlanticInline-Normal
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BakerSignetBT-Roman
    /BalloonBT-Bold
    /BalloonBT-ExtraBold
    /BalloonBT-Light
    /BangLetPlain
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /BardPlain
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskOldFace
    /Batang
    /BatangChe
    /BatmanForeverAlternate
    /BatmanForeverOutline
    /BatmanForeverRoman
    /BauerBodoniBT-Black
    /BauerBodoniBT-BlackCondensed
    /BauerBodoniBT-BlackItalic
    /BauerBodoniBT-Bold
    /BauerBodoniBT-BoldCondensed
    /BauerBodoniBT-BoldItalic
    /BauerBodoniBT-Italic
    /BauerBodoniBT-Roman
    /BauerBodoniBT-Titling
    /Bauhaus93
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /BedrockPlain
    /BeehivePSMT
    /BeeskneesITC
    /BellCentennialBT-Address
    /BellCentennialBT-BoldListing
    /BellCentennialBT-NameAndNumber
    /BellCentennialBT-SubCaption
    /BellGothicBT-Black
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BelweBT-Bold
    /BelweBT-Light
    /BelweBT-Medium
    /BelweBT-RomanCondensed
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BergellLetPlain
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BertramLetPlain
    /BibleScrT
    /Billo
    /BinaryITCTTLight
    /BinnerD
    /Bio-disc
    /BirchStd
    /BlackadderITC-Regular
    /Blackletter686BT-Regular
    /BlacklightD
    /BlackoakStd
    /BladeRunnerMovieFont
    /BlippoBT-Black
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldCondensed
    /BodoniBT-BoldItalic
    /BodoniBT-Book
    /BodoniBT-BookItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BonApetitMT
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanITCbyBT-Demi
    /BookmanITCbyBT-DemiItalic
    /BookmanITCbyBT-Light
    /BookmanITCbyBT-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BrailleAOE
    /BremenBT-Bold
    /BritannicBold
    /Broadway
    /BroadwayBT-Regular
    /BrushScriptMT
    /BrushScriptStd
    /BuxomD
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Calligraphic421BT-RomanB
    /Calligraphic810BT-Italic
    /Calligraphic810BT-Roman
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /CamelliaD
    /CamelotDeNada
    /CancunPlain
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Candice
    /CandidaBT-Bold
    /CandidaBT-Italic
    /CandidaBT-Roman
    /CarletonNormal
    /CarminaBT-Black
    /CarminaBT-BlackItalic
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /CasablancaAntiqueItalic
    /CasablancaAntiquePlain
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOldFaceBT-Heavy
    /CaslonOldFaceBT-Italic
    /CaslonOldFaceBT-Roman
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastleT-Bold
    /CastleT-Book
    /CastleT-Ligh
    /CastleT-Ultr
    /Cataclysmic
    /CataneoBT-Bold
    /CataneoBT-Light
    /CataneoBT-Regular
    /CataneoBT-RegularSwash
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /CaxtonBT-Light
    /CaxtonBT-LightItalic
    /CelestialNormal
    /Centaur
    /Century
    /Century725BT-Black
    /Century725BT-Bold
    /Century725BT-BoldCondensed
    /Century725BT-Italic
    /Century725BT-Roman
    /Century725BT-RomanCondensed
    /Century731BT-BoldA
    /Century731BT-BoldItalicA
    /Century731BT-ItalicA
    /Century731BT-RomanA
    /Century751BT-ItalicB
    /Century751BT-RomanB
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldstyleBT-Bold
    /CenturyOldstyleBT-Italic
    /CenturyOldstyleBT-Roman
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Monospace
    /CenturySchoolbookBT-Roman
    /CenturySchoolbook-Italic
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /CharlesworthBold
    /CharlesworthPlain
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /Charting
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondensed
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChiantiBT-Bold
    /ChiantiBT-BoldItalic
    /ChiantiBT-Italic
    /ChiantiBT-Roman
    /Chick
    /Chiller-Regular
    /ChiselD
    /ChodeungL
    /CircleD
    /CityD-Bold
    /CityD-Ligh
    /CityD-Medi
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonBT-Black
    /ClarendonBT-Bold
    /ClarendonBT-BoldCondensed
    /ClarendonBT-Heavy
    /ClarendonBT-Light
    /ClarendonBT-Roman
    /ClarendonBT-RomanCondensed
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /Clicker
    /Clocks
    /CloisterBlackBT-Regular
    /CloisterOpenFaceBT-Regular
    /CocaCola
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialScriptBT-Regular
    /Commodore64
    /CompactaBT-Black
    /CompactaBT-Bold
    /CompactaBT-BoldItalic
    /CompactaBT-Italic
    /CompactaBT-Light
    /CompactaBT-Roman
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /ContinuumBold
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CooperBT-Black
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-BlackItalicHeadline
    /CooperBT-BlackOutline
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /Coronet
    /CosmicPlain
    /CosmicTwoPlain
    /CottagePlain
    /CountdownD
    /Courier10PitchBT-Bold
    /Courier10PitchBT-BoldItalic
    /Courier10PitchBT-Italic
    /Courier10PitchBT-Roman
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Crayon
    /CrazyCreaturesBold
    /CrazyCreaturesBold-Italic
    /CrazyCreaturesItalic
    /CrazyCreaturesNormal
    /CroissantD
    /CurlzMT
    /CushingITCbyBT-Heavy
    /CushingITCbyBT-HeavyItalic
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DavidaBoldBT-Regular
    /Decorated035BT-Regular
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Depot-Bold
    /Depot-Light
    /Depot-LightItalic
    /Depot-Medium
    /Desdemona
    /DeVinneBT-Italic
    /DeVinneBT-ItalicText
    /DeVinneBT-Roman
    /DeVinneBT-Text
    /DexGothicD
    /DextorD
    /DextorOutD
    /DfCalligraphicOrnamentsLetPlain
    /DfDiversionsLetPlain
    /DfDiversitiesLetPlain
    /DFKGothic-Bd-WIN-KSC-H
    /DFKGothic-Md-WIN-KSC-H
    /DFKMincho-Bd-WIN-KSC-H
    /DFKMincho-Md-WIN-KSC-H
    /DiabloHeavy
    /DiabloLight
    /Digiface
    /Dinbla
    /Dinbol
    /Dinlig
    /Dinmed
    /Dinreg
    /Diploma
    /DirectionsMT
    /DiskusD-Medi
    /DomBoldBT-Regular
    /DomCasualBT-Regular
    /DomDiagonalBT-Bold
    /DomDiagonalBT-Regular
    /DooM
    /Dotum
    /DotumChe
    /DragonwickPlain001001
    /Dummies
    /DungunB
    /DungunL
    /DungunM
    /DungunR
    /DungunSB
    /Dutch766BT-BoldA
    /Dutch766BT-ItalicA
    /Dutch766BT-RomanA
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-ExtraBoldItalic
    /Dutch801BT-Italic
    /Dutch801BT-ItalicHeadline
    /Dutch801BT-Roman
    /Dutch801BT-RomanHeadline
    /Dutch801BT-SemiBold
    /Dutch801BT-SemiBoldItalic
    /Dutch809BT-BoldC
    /Dutch809BT-ItalicC
    /Dutch809BT-RomanC
    /Dutch811BT-BoldD
    /Dutch811BT-BoldItalicD
    /Dutch811BT-ItalicD
    /Dutch811BT-RomanD
    /Dutch823BT-BoldB
    /Dutch823BT-BoldItalicB
    /Dutch823BT-ItalicB
    /Dutch823BT-RomanB
    /EccentricStd
    /EckmannD
    /EditionRegular
    /EdwardianScriptITC
    /Egyptian505BT-Bold
    /Egyptian505BT-Light
    /Egyptian505BT-Medium
    /Egyptian505BT-Roman
    /Egyptian710BT-RegularA
    /EklekticPlain
    /ElectronicsRegular
    /Elegant
    /ElegantGaramondBT-Bold
    /ElegantGaramondBT-Italic
    /ElegantGaramondBT-Roman
    /Elephant-Italic
    /Elephant-Regular
    /EmbassyBT-Regular
    /Emboss-Normal
    /EmpireBT-Regular
    /EmpireState
    /EnglischeSchT-Bold
    /EnglischeSchT-DemiBold
    /EnglischeSchT-Regu
    /English111AdagioBT-Regular
    /English111PrestoBT-Regular
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EnglishTowne-Normal
    /EngraversGothicBT-Regular
    /EngraversMT
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /EnyaPlain
    /EPISODEI
    /ErasITC-Bold
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /EsquivelTrial
    /EstrangeloEdessa
    /EurostileBold
    /EurostileRegular
    /EvitaRegular
    /EwieD
    /ExocetHeavy
    /ExocetLight
    /Exotic350BT-Bold
    /Exotic350BT-DemiBold
    /Exotic350BT-Light
    /ExpoM-HM
    /ExpoPlain
    /FBBlueSol-Bold
    /FelixTitlingMT
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /FestivalNightsJL
    /FetteFraD
    /FightThis
    /FirstGrader-Normal
    /FlamencoD
    /FlamencoInlD
    /Flareserif821BT-Bold
    /Flareserif821BT-Light
    /Flareserif821BT-Roman
    /FlashD-Bold
    /FlashD-Ligh
    /FlemishScriptBT-Regular
    /Flora-Normal
    /flower1
    /flower3
    /FolioBT-Bold
    /FolioBT-BoldCondensed
    /FolioBT-Book
    /FolioBT-ExtraBold
    /FolioBT-Light
    /FolioBT-LightItalic
    /FolioBT-Medium
    /FolliesLetPlain
    /FootlightMTLight
    /Fordscript
    /Formal436BT-Regular
    /FormalScript421BT-Regular
    /ForteMT
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /Freeform710BT-Regular
    /Freeform721BT-Black
    /Freeform721BT-BlackItalic
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /Freehand471BT-Regular
    /Freehand521BT-RegularC
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScrD
    /FreestyleScriptITC-Bold
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Friday13
    /Friday13SH
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Cn
    /FrutigerExt-Bol
    /FrutigerExt-Nor
    /FrutigerExtOb2
    /FrutigerExtObl-
    /FrutigerExtObl-Bold
    /FrutigerExtObl-Normal
    /Frutiger-Normal
    /FrutigerObl-Bol
    /FrutigerObl-Bold
    /FrutigerObl-Nor
    /FrutigerObl-Normal
    /FrysBaskervilleBT-Roman
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /FZSY--SURROGATE-0
    /Gaeul
    /GalaxyBT-Regular
    /GalleriaPlain
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /GandoBT-Regular
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondNo4CyrTCY-Medi
    /Gautami
    /Geneva
    /GeographicSymbolsNormal
    /Geometric212BT-Book
    /Geometric212BT-BookCondensed
    /Geometric212BT-Heavy
    /Geometric212BT-HeavyCondensed
    /Geometric231BT-BoldC
    /Geometric231BT-HeavyC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /Geometric415BT-BlackA
    /Geometric415BT-BlackItalicA
    /Geometric415BT-LiteA
    /Geometric415BT-LiteItalicA
    /Geometric415BT-MediumA
    /Geometric415BT-MediumItalicA
    /Geometric706BT-BlackB
    /Geometric706BT-BlackCondensedB
    /Geometric706BT-BoldCondensedB
    /Geometric706BT-MediumB
    /Geometric885BT-RegularD
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeometricSlab703BT-XtraBoldCond
    /GeometricSlab703BT-XtraBoldItal
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-Regular
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GirlsareWeird
    /GlacierItalic
    /GlacierPlain
    /GlaserSteD
    /Glaz-Kraksolid
    /GloucesterMT-ExtraCondensed
    /GoldMinePlain
    /GoodTimes
    /GorillaITCbyBT-Regular
    /Gothic720BT-BoldB
    /Gothic720BT-BoldItalicB
    /Gothic720BT-ItalicB
    /Gothic720BT-LightB
    /Gothic720BT-LightItalicB
    /Gothic720BT-RomanB
    /Gothic725BT-BlackA
    /Gothic725BT-BoldA
    /Gothic821CondensedBT-Regular
    /GothicNo13BT-Regular
    /GoudyCatalogueBT-Regular
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudyStout
    /Gradl
    /GraphicChe
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GriffonPSMT
    /GriffonShadowPlain
    /GrizzlyITCbyBT-Regular
    /GrouchITCbyBT-Regular
    /GTB
    /GTL
    /GTM
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2bulB
    /H2bulL
    /H2bulM
    /H2cysB
    /H2cysL
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2gttB
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2supE
    /H2supL
    /H2wulE
    /H2wulL
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HandelGotD-Bold
    /HandelGotD-Ligh
    /HandelGothicBT-Regular
    /HarlowD
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HazelLetPlain
    /HeadG
    /HeadlineR-HM
    /HeadR
    /HehenHebT-Bold
    /Helsinki
    /HelsinkiMetronome
    /HelsinkiSpecial
    /HelsinkiText
    /Helvetica
    /HelveticaLight
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-LightCond
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboBT-Regular
    /HoboStd
    /HolidaysMT
    /HomePlanning
    /HomePlanning2
    /HoratioD-Bold
    /HoratioD-Ligh
    /HoratioD-Medi
    /HorndonD
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /HuxleyVerticalBT-Regular
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYBuDle-Medium
    /HYCSWheysang-Bold
    /HYCSWheysang-ExtraBold
    /HYCSWheysang-Medium
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHaeSo-Medium
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPillGi-Light
    /HYPMokPan-Bold
    /HYPMokPan-Light
    /HYPop-Bold
    /HYPop-Light
    /HYPop-Medium
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYsanB
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYSooN-MyeongJo
    /HYsupB
    /HYsupM
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /IceAgeD
    /Impact
    /ImperialBT-Bold
    /ImperialBT-Italic
    /ImperialBT-Roman
    /Impossible
    /ImpressBT-Regular
    /ImprintMT-Shadow
    /ImpulsBT-Regular
    /Incised901BT-Black
    /Incised901BT-Bold
    /Incised901BT-BoldCondensed
    /Incised901BT-Compact
    /Incised901BT-Italic
    /Incised901BT-Light
    /Incised901BT-Nord
    /Incised901BT-NordItalic
    /Incised901BT-Roman
    /Independence
    /Industrial736BT-Italic
    /Industrial736BT-Roman
    /Informal011BT-Black
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Inkpen2
    /Inkpen2Chords
    /Inkpen2Metronome
    /Inkpen2Script
    /Inkpen2Special
    /Inkpen2Text
    /InvisibleKiller
    /IowanOldStyleBT-Black
    /IowanOldStyleBT-BlackItalic
    /IowanOldStyleBT-Bold
    /IowanOldStyleBT-BoldItalic
    /IowanOldStyleBT-Italic
    /IowanOldStyleBT-Roman
    /IrelandPlain
    /IStillKnow
    /Japanese-Generic1
    /JFJungleRock
    /Jokerman-Regular
    /JuiceITC-Regular
    /JupiterPlain
    /KabarettD
    /KabelBook
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kartika
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeypunchPlain
    /KeystrokeNormal
    /KeystrokesMT
    /Kidnap
    /KidsPlain
    /Kinkee
    /Kinkimono
    /KinoMT
    /KisBT-Italic
    /KisBT-Roman
    /Korean-Generic1
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /Kroeger0553
    /Kroeger0554
    /Kroeger0555
    /Kroeger0556
    /Kroeger0557
    /Kroeger0558
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /KunstlerScript
    /KyunKo
    /KyunMyung
    /LandscapePlanning
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LasVegasD
    /Latha
    /Latin725BT-Bold
    /Latin725BT-BoldItalic
    /Latin725BT-Italic
    /Latin725BT-Medium
    /Latin725BT-MediumItalic
    /Latin725BT-Roman
    /LatinExtraCondensedBT-Regular
    /LatinWidD
    /LatinWide
    /LcdD
    /LeawoodITCbyBT-Book
    /LeawoodITCbyBT-BookItalic
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothic-Regular
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LibertyBT-Regular
    /LibertyD
    /LibraBT-Regular
    /LifeBT-Bold
    /LifeBT-BoldItalic
    /LifeBT-Italic
    /LifeBT-Roman
    /Lithograph
    /Lithograph-Bold
    /LithographLight
    /LithosPro-Black
    /LithosPro-Regular
    /LittleDaisy
    /Love
    /LoveLetters
    /LubalinGraphITCbyBT-Bold
    /LubalinGraphITCbyBT-Book
    /LubalinGraphITCbyBT-Medium
    /LubalinGraphITCbyBT-XtraLight
    /LuciaBT-Regular
    /LucianBT-Bold
    /LucianBT-Roman
    /LucidaBlackletter
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /MachineITCbyBT-Regular
    /MacType
    /MADFONT
    /MagicR-HM
    /Magneto-Bold
    /MaiandraGD-DemiBold
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /MandarinD
    /Mangal-Regular
    /Map-Symbols
    /MariageD
    /Marigold
    /MarrididdlesMedium
    /Marydale
    /Marydale-Bold
    /MatisseITC-Regular
    /MattAntiqueBT-Bold
    /MattAntiqueBT-Italic
    /MattAntiqueBT-Roman
    /MaturaMTScriptCapitals
    /MDAlong
    /MDArt
    /MDEasop
    /MDGaesung
    /MDSol
    /MeadBold
    /MercuriusScriptMT-Bold
    /MesquiteStd
    /MetropolitainesD
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MICR10byBT-Regular
    /MICR12byBT-Regular
    /MICR13byBT-Regular
    /MicrogrammaD-BoldExte
    /MicrogrammaD-MediExte
    /MicrosoftLogo95
    /MicrosoftSansSerif
    /MicrostyleBoldExtendedATT
    /MilanoLet
    /MilkyWay
    /Millhouse
    /MiltownII
    /MingLiU
    /MINIMALHARD2
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MiraraeBT-Bold
    /MiraraeBT-Roman
    /MisterEarlBT-Regular
    /Mistral
    /MixageITCbyBT-Bold
    /MixageITCbyBT-BoldItalic
    /MJB
    /MJL
    /MJM
    /Mland
    /Modern20BT-ItalicB
    /Modern20BT-RomanB
    /Modern735BT-RomanA
    /Modern880BT-Bold
    /Modern880BT-Italic
    /Modern880BT-Roman
    /Moderne
    /Modern-Regular
    /MoeumTR-HM
    /MogfilB
    /MogfilL
    /MogfilM
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /MonotypeCorsiva
    /MonotypeSorts
    /moonfont
    /MorseCode
    /MotterFemD
    /MS-Gothic
    /MSHei
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MurrayHillBT-Bold
    /Music
    /MusicalSymbolsNormal
    /MVBoli
    /Myriad-BdWeb
    /Myriad-CnItWeb
    /Myriad-CnWeb
    /Myriad-ItWeb
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Web
    /MyungjoL-HM
    /Nasalization
    /Neige
    /NevisonCasD
    /New
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewGulim
    /News701BT-BoldA
    /News701BT-ItalicA
    /News701BT-RomanA
    /News702BT-Bold
    /News702BT-BoldItalic
    /News702BT-Italic
    /News702BT-Roman
    /News705BT-BoldB
    /News705BT-BoldItalicB
    /News705BT-ItalicB
    /News705BT-RomanB
    /News706BT-BoldC
    /News706BT-ItalicC
    /News706BT-RomanC
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NewtextITCbyBT-Regular
    /NewtextITCbyBT-RegularItalic
    /NewWGL4Font
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NicolasCocT-Blac
    /NicolasCocT-Regu
    /NicolasCocT-ReguItal
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NormandeBT-Italic
    /NormandeBT-Roman
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nuggim
    /NuptialBT-Regular
    /Oasis
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OfficePlanning
    /OhMyGodStars
    /OkayD
    /OldEnglishTextMT
    /OldTowneNo536D
    /Onesize
    /Onyx
    /OnyxBT-Regular
    /Opus
    /OpusChords
    /OpusFiguredBass
    /OpusFiguredBassExtras
    /OpusJapaneseChords
    /OpusMetronome
    /OpusPercussion
    /OpusPlainChords
    /OpusRomanChords
    /OpusSpecial
    /OpusText
    /OracleRegular
    /OrandaBT-Bold
    /OrandaBT-BoldCondensed
    /OrandaBT-BoldItalic
    /OrandaBT-Italic
    /OrandaBT-Roman
    /OrandaBT-RomanCondensed
    /OratorBT-FifteenPitch
    /OratorBT-TenPitch
    /OratorStd
    /OratorStd-Slanted
    /OrbitBbyBT-Regular
    /OriginalGaramondBT-Bold
    /OriginalGaramondBT-BoldItalic
    /OriginalGaramondBT-Italic
    /OriginalGaramondBT-Roman
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PabloLetPlain
    /Pacmania
    /Pado
    /PalaceScriptMT
    /PalaceScriptMT-SemiBold
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalettePlain
    /PanhwaR-HM
    /Papyrus-Regular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /ParryHotter
    /PartiesMT
    /Peanuts
    /PepperPlain
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhyllisD
    /Pica10PitchBT-Roman
    /Pilgi1
    /Pilgi2
    /PioneerITCbyBT-Regular
    /PipelinePlain
    /PiranesiItalicBT-Regular
    /PlacardMT-Condensed
    /Playbill
    /PlaybillBT-Regular
    /PlaytoyRegular
    /PlazaD-Regu
    /PMingLiU
    /PokemonHollow
    /PokemonHollowNormal
    /PokemonSolid
    /PokemonSolidNormal
    /PoorRichard-Regular
    /PoplarStd
    /PopticsThree
    /PossePlain
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /PresidentPlain
    /Prestige12PitchBT-Bold
    /Prestige12PitchBT-BoldItalic
    /Prestige12PitchBT-Italic
    /Prestige12PitchBT-Roman
    /PrestigeEliteStd-Bd
    /PrinceB
    /PrincetownD
    /Pristina-Regular
    /ProseAntiqueBold
    /ProseAntiquePlain
    /PT-BananaSplit
    /PTBarnumBT-Regular
    /PumpTriD
    /PyunjiR-HM
    /QDotum
    /QGulim
    /QGungsuh
    /QUAKE
    /QuicksilverITC-Normal
    /QuillScript-Normal
    /QuorumITCbyBT-Black
    /QuorumITCbyBT-Light
    /QuorumITCbyBT-Medium
    /Raavi
    /RADAGUND
    /RadiosinMotion
    /RadiosinMotionHard
    /RageItalic
    /RageItalicLetPlain
    /RaleighBT-Bold
    /RaleighBT-DemiBold
    /RaleighBT-ExtraBold
    /RaleighBT-Light
    /RaleighBT-Medium
    /RaleighBT-Roman
    /RansomBold
    /RansomBoldItalic
    /RansomItalic
    /RansomRegular
    /Ravie
    /ReafFont
    /RenaultBQ-Bold
    /RenaultBQ-BoldItalic
    /RenaultBQ-Light
    /RenaultBQ-LightItalic
    /renga
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /RevueBT-Regular
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /Riven
    /RixJGoB
    /RixJGoL
    /RixJGoM
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ROCKY
    /RomanaBT-Bold
    /RomanaBT-Roman
    /RosewoodStd-Regular
    /RotisSansSerifStd-ExtraBold
    /RotisSemiSansStd-Bold
    /RotisSemiSansStd-ExtraBold
    /RotisSemiSansStd-Light
    /RoyalAcid
    /RoyalAcidbath
    /RubberStampLetPlain
    /SanBsB
    /SanBsL
    /SanBsU
    /SanDaB
    /SandArB
    /SandEgB
    /SandEgCB
    /SandJg
    /SandKg
    /SandKm
    /SandSaL
    /SandSaM
    /SandSm
    /SandTg
    /SandTm
    /SanDungunB
    /SanDungunL
    /SanDungunM
    /SanDungunR
    /SanDungunSB
    /SanEgL
    /SanEgM
    /SanHgL
    /SanHgM
    /SanIgL
    /SanIgM
    /SanKbL
    /SanKbM
    /SanKsB
    /SanKsL
    /SanKsM
    /SanPiB
    /SanPiL
    /SanPiM
    /SanPuB
    /SanPuW
    /SassysTeddys3
    /SchadowBT-Black
    /SchadowBT-BlackCondensed
    /SchadowBT-Bold
    /SchadowBT-Light
    /SchadowBT-LightCursive
    /SchadowBT-Roman
    /SchneidlerBT-Black
    /SchneidlerBT-BlackItalic
    /SchneidlerBT-Bold
    /SchneidlerBT-BoldItalic
    /SchneidlerBT-Italic
    /SchneidlerBT-Light
    /SchneidlerBT-LightItalic
    /SchneidlerBT-Medium
    /SchneidlerBT-MediumItalic
    /SchneidlerBT-Roman
    /Scream
    /ScribaLetPlain
    /Script12PitchBT-Roman
    /ScriptMTBold
    /ScriptS
    /SD_SungkyongB
    /SD_SungkyongL
    /SD_SungkyongM
    /SeagullBT-Bold
    /SeagullBT-Heavy
    /SeagullBT-Light
    /SeagullBT-Medium
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeGulim
    /Seko
    /SeM
    /Semaphore
    /SeoulBig
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-BoldCondensed
    /SerifaBT-Italic
    /SerifaBT-Light
    /SerifaBT-LightItalic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /SerifaBT-ThinItalic
    /SerpentineD-Bold
    /SerpentineD-BoldItal
    /SeUtum
    /SHeadG
    /SHeadR
    /ShelleyAllegroBT-Regular
    /ShelleyAndanteBT-Regular
    /ShelleyVolanteBT-Regular
    /ShotgunBlanksBT-Regular
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignLanguage
    /Signs
    /SignsMT
    /SimHei
    /SimSun
    /SimSun-PUA
    /SinBatangChe
    /SinGraphic
    /SinMun
    /SkidoosD
    /SlipstreamLetPlain
    /SloganD
    /SnapITC-Regular
    /SnellBT-Black
    /SnellBT-Bold
    /SnellBT-Regular
    /Sol
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SportsThreeMT
    /SportsTwoMT
    /Square721Blk-Italic
    /Square721Blk-Normal
    /Square721-BoldItalic
    /Square721BT-Bold
    /Square721BT-BoldCondensed
    /Square721BT-BoldExtended
    /Square721BT-Roman
    /Square721BT-RomanCondensed
    /Square721BT-RomanExtended
    /Square721Demi-Italic
    /SquareSlabserif711BT-Bold
    /SquareSlabserif711BT-Light
    /SquareSlabserif711BT-Medium
    /SquireD-Bold
    /SquireD-Regu
    /Staccato222BT-Regular
    /Staccato555BT-RegularA
    /Standard0757
    /StarcraftNormal
    /Stencil
    /StencilBT-Regular
    /StencilStd
    /StopD
    /Strider-Regular
    /StuyvesantBT-Regular
    /StymieBT-Bold
    /StymieBT-BoldItalic
    /StymieBT-ExtraBold
    /StymieBT-ExtraBoldCondensed
    /StymieBT-Light
    /StymieBT-LightItalic
    /StymieBT-Medium
    /StymieBT-MediumItalic
    /SunM
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss911BT-ExtraCompressed
    /Swiss911BT-UltraCompressed
    /Swiss921BT-RegularA
    /Swiss924BT-RegularB
    /SwitzerlandNarrowBold
    /SwitzerlandNarrowBoldItalic
    /SwitzerlandNarrowItalic
    /SwitzerlandNarrowPlain
    /Sylfaen
    /SymbolITCbyBT-Bold
    /SymbolITCbyBT-BoldItalic
    /SymbolMT
    /SymbolProportionalBT-Regular
    /TaeGP
    /TaeGulim
    /TaeKo
    /TaeM
    /TaeUtum
    /TagLetPlain
    /Tahoma
    /Tahoma-Bold
    /TangoBT-Regular
    /Tarzana-Narrow
    /Tarzana-NarrowBold
    /Tarzana-NarrowBoldItalic
    /Tarzana-NarrowItalic
    /TarzanaWide
    /TarzanaWide-Bold
    /TarzanaWide-BoldItalic
    /TarzanaWide-Italic
    /TechnicalItalic
    /TechnicalPlain
    /Techtonic
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TenderRegular
    /TerminatorTwo
    /TetsuyaFactory
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /TheMix-ExtraLight
    /ThunderbirdBT-Regular
    /TiffanyITCbyBT-Demi
    /TiffanyITCbyBT-DemiItalic
    /TiffanyITCbyBT-Heavy
    /TiffanyITCbyBT-HeavyItalic
    /TiffanyITCbyBT-Light
    /TiffanyITCbyBT-LightItalic
    /TigerRagLetPlain
    /Times-Bold
    /Times-BoldItalic
    /TimeScrD-Bold
    /TimeScrD-Ligh
    /TimeScrD-Medi
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Transitional511BT-Bold
    /Transitional511BT-BoldItalic
    /Transitional511BT-Italic
    /Transitional511BT-Roman
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /Transitional551BT-MediumB
    /Transitional551BT-MediumItalicB
    /TransportMT
    /TransportRegular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TrumpetLite-Bold
    /TrumpetLite-BoldItalic
    /TrumpetLiteItalic
    /TrumpetLite-Normal
    /TSTbigb
    /TSTbrdb
    /TSTbrdr
    /TSTbrnr
    /TSTbrwr
    /TSTclub
    /TSTdenr
    /TSTgkdd
    /TSTgkod
    /TSTgktd
    /TSTgngt
    /TSTgnmj
    /TSTgrph
    /TSThddb
    /TSThddr
    /TSThdtb
    /TSThdtr
    /TSThgrgl
    /TSThgtb
    /TSThlml
    /TSThpbd
    /TSThprg
    /TSThseo
    /TSTjhpb
    /TSTjhpr
    /TSTjkob
    /TSTjkor
    /TSTjktb
    /TSTjktr
    /TSTjkvb
    /TSTjkvr
    /TSTkjbd
    /TSTkjrg
    /TSTmbwb
    /TSTmbwr
    /TSTmdmb
    /TSTmgor
    /TSTmgtr
    /TSTmmdb
    /TSTmmdr
    /TSTmmob
    /TSTmmor
    /TSTmmtb
    /TSTmmtr
    /TSTnamb
    /TSTnamr
    /TSTohrg
    /TSTotmb
    /TSTotml
    /TSTpena
    /TSTPenb
    /TSTsdrb
    /TSTsdrr
    /TSTsenr
    /TSTshdd
    /TSTshtd
    /TSTsjbd
    /TSTsjrg
    /TSTsmdb
    /TSTsmgb
    /TSTsoha
    /TSTsrbd
    /TSTsrgb
    /TSTsrgr
    /TSTsrob
    /TSTsror
    /TSTsrrg
    /TSTsunm
    /TSTtypb
    /TSTtypl
    /TSTyptd
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /Uni0553
    /Univecon
    /Univeconbol
    /Univeconbolobl
    /Univeconlig
    /Univeconligobl
    /Univeconobl
    /UniversalCondensedRegular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /UniversityRomanBT-Bold
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /UniversLTStd-LightCn
    /Univers-Medium
    /Univers-MediumItalic
    /Univethiultcon
    /Univeultcon
    /Uri
    /Usuzi
    /Utopia-Regular
    /UtopiaStd-BlackHeadline
    /UtopiaStd-Bold
    /UtopiaStd-BoldCapt
    /UtopiaStd-BoldCaptIt
    /UtopiaStd-BoldDisp
    /UtopiaStd-BoldDispIt
    /UtopiaStd-BoldIt
    /UtopiaStd-BoldSubh
    /UtopiaStd-BoldSubhIt
    /UtopiaStd-Capt
    /UtopiaStd-CaptIt
    /UtopiaStd-Disp
    /UtopiaStd-DispIt
    /UtopiaStd-Italic
    /UtopiaStd-Regular
    /UtopiaStd-Semibold
    /UtopiaStd-SemiboldCapt
    /UtopiaStd-SemiboldCaptIt
    /UtopiaStd-SemiboldDisp
    /UtopiaStd-SemiboldDispIt
    /UtopiaStd-SemiboldIt
    /UtopiaStd-SemiboldSubh
    /UtopiaStd-SemiboldSubhIt
    /UtopiaStd-Subh
    /UtopiaStd-SubhIt
    /Utum
    /VacationMT
    /VAGRound
    /VAGRoundedBT-Regular
    /VAGRundschriftBQ
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /WaltDisneyScript
    /Webdings
    /Wharmby
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /Yahoo
    /YDIBirdB
    /YDIBirdL
    /YDIBirdM
    /YDIDanB
    /YDIDanL
    /YDIDanM
    /YDIGasiIIB-KSCpc-EUC-H
    /YDIGasiIIL
    /YDIGasiIIM-KSCpc-EUC-H
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHoopM
    /YDIHoopwM
    /YDIHsangIIB
    /YDIHsangIIL
    /YDIHsangIIM
    /YDIIrisM-KSCpc-EUC-H
    /YDIManB
    /YDIManL
    /YDIManM
    /YDIMonoM
    /YDINeoulB
    /YDINeoulL
    /YDINeoulM
    /YDIPu
    /YDIPuM
    /YDISapphIIB-KSCpc-EUC-H
    /YDISapphIIL-KSCpc-EUC-H
    /YDISapphIIM-KSCpc-EUC-H
    /YDIWindM-KSCpc-EUC-H
    /YDIWinIIB
    /YDIWinIIL
    /YDIWinIIM
    /YDIWriSin
    /YDIYGO110-KSCpc-EUC-H
    /YDIYGO120-KSCpc-EUC-H
    /YDIYGO130-KSCpc-EUC-H
    /YDIYGO140-KSCpc-EUC-H
    /YDIYGO150-KSCpc-EUC-H
    /YDIYGO160-KSCpc-EUC-H
    /YDIYGO310
    /YDIYGO320
    /YDIYGO330
    /YDIYGO340
    /YDIYGO350
    /YDIYGO360
    /YDIYheadB-KSCpc-EUC-H
    /YDIYheadL-KSCpc-EUC-H
    /YDIYheadM-KSCpc-EUC-H
    /YDIYheadUL-KSCpc-EUC-H
    /YDIYMjO110-KSCpc-EUC-H
    /YDIYMjO120-KSCpc-EUC-H
    /YDIYMjO130-KSCpc-EUC-H
    /YDIYMjO140-KSCpc-EUC-H
    /YDIYMjO150-KSCpc-EUC-H
    /YDIYMjO160-KSCpc-EUC-H
    /YDIYMjO220
    /YDIYMjO230
    /YDIYMjO240
    /YDIYMjO310
    /YDIYMjO320
    /YDIYMjO330
    /YDIYMjO340
    /YDIYMjO350
    /YDIYMjO360
    /YDSDJ
    /YDSJH
    /YellowSubmarine
    /YetR-HM
    /YonseiB
    /YonseiL
    /YourKeys
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /Zrnic
    /ZurichBT-BlackExtended
    /ZurichBT-Light
    /ZurichBT-Roman
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


