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Immunomodulating Activities of Brazilin in vitro
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Abstract ] This work was performed to investigate the effects of brazilin in viro on
mitogen-induced proliferation, ConA-induced TCGF release and responsiveness to recom-
binant IL-2 using splenocytes from C57BL/6 female mice. Brazilin(20-80 ng/m/) caused
a noticeable increase in TCGF production of splenocytes, but did not affect responsiveness
to recombinant IL-2, the expression of ConA-induced high affinity IL-2 receptor and
mitogen-induced proliferation of splenocytes.
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Brazilin, an active principle of Caesalpinea sappan,
is one of the bioflavonoids and has been previously
reported to possess widespread biological activities,
including antiinflammatory, antihistamic'?, and an-
timicrobial*® properties. It was also found that bra-
zilin inhibits several enzyme activities such as histi-
dine decarboxylase® and cAMP phosphodiester-
ase”, and improves the RBC deformability”. Brazi-
lin has been also found to have antioxidant proper-
ties; it inhibited lipidperoxidation in various animal
tissues. Especially potent anti-chronic inflammatory
effects of brazilin aroused our special interest to
investigate the effects of brazilin on immune func-
tions. Our previous reports indicated that brazilin
increases delayed type hypersensitivity (DTH) agai-
nst bovine serum albumin (BSA) and decreases the
circulating leukocyte counts, in normal C57BL/6 fe-
male mice”, and brazilin also inhibits lymphocyte
proliferation despite the augmentation of TCGF re-
lease or the appearance of IL-2 receptor in C57BL/6
female mice'®, while brazilin inhibits mitogen in-
duced cell proliferation and TCGF production in
CBA female mice'".

The purpose of this study was to assess effects
of brazilin in vitro on the immunological responses
of splenocytes from normal C57BL/6 female mice,
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to elucidate the acting mechanism of brazilin.
EXPERIMENTAL METHODS

Experimental animals

8 week-old C57BL/6 female mice were obtained
from the Animal Breeding Center of Seoul National
University. These mice were maintained under con-
trolled environmental conditions(air filtered room,
21-24C, lighting; 7:00-19:00 H) and allowed free
access to food and water.

Materials

Brazilin (Aldrich) was dissolved in saline to make
1 mg/m/ and diluted with culture media to the ap-
propriate concentration before use. Different amou-
nts of brazilin were added to the medium at the
beginning of the culture, otherwise mentioned.

Preparation of spleen cell suspension

Spleens were removed and placed in RPMI 1640
media (Sigma) supplemented with 100 U/m/ penici-
llin and 100 pg/m/ streptomycin (Gibco), 0.2 mM
sodium pyruvate (Sigma), 2 mM glutamine (Sigma).
10mM HEPES (Sigma), 2 g/l sodium bicarbonate
(Sigma), ImM nonessential amino acids (Gibco),
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50 uM 2-mercaptoethanol (Sigma) (This formula is
referred to as K-0 medium throughout this work).
Spleen cell suspension, obtained by disaggregation
of chopped tissue in loosely packed homogenizer,
was washed by centrifugation (260 g 6 min) and
RBC was lysed by hypotonic shock. After washing
3 times, cell viability was determined by trypan blue
exclusion test.

TCGF production

Spleen cells were cultured at 8X10° cells in 1
m/ K-0 media in the presence of 10 pg/m/ ConA
in a 24 well microplate (Falcon). After 24 hours
of incubation at 37C in a humidified 5% CO, incu-
bator, supernatants were harvested and stored at —
20C until used.

TCGF assay

Supernatants were assayed for TCGF by their
ability to induce proliferation of ConA-activated T
cell blasts as described by Coutinho, Larsson, Gro-
nvik and Anderson(1979), with slight modification.
In brief, blasts cell were obtained by stimulating
splenocytes with 30 ug/m/ ConA for 72 hours. After
washing 3 times with K-0 media supplemented with
10% heat inactivated FBS (Gibco) and 100 mM me-
thylmannopyranoside (Sigma). 2X10* blast cells
were cultured in triplicate for 30 hours with 50 W/
of supernatants of serial two-fold dilutions, in a 96
well round-bottomed microplate (Falcon). Cells were
pulsed with 05 pCi *H-thymidine (6.7 Ci/mmol.
NEN) per well for the last 6 hours of incubation.
Cells were collected with an automatic Titertek cell
harvester (Flow, UK) and *H-thymidine incorpora-
tion was determined by scintillation spectrometry
(LKB). Calibration curve was made with human
recombinant IL-2(Gift from Dr. K.S. Ham. KIST).
TCGF activities were expressed as equivalently po-
tent IL-2 activities. On the other hand. ConA blasts
were cultured with various amounts of IL-2 or bra-
zilin, in order to exclude the effect of brazilin re-
mained in supernatants, since supernatants were not
dialysed.

Assessment of high affinity IL-2 receptor expression
To determine whether brazilin affects the expres-
sion of high affinity IL-2 receptor, splenocytes were
incubated with 30 ug/m/ ConA in the presence of
brazilin. After 72 hours of incubation, the cells were

washed and reincubated with recombinant IL-2, as
described previously'?.

Responsiveness of normal splenocyte to exogenous recom-
binant IL-2

Responsiveness of splenocyte to exogenous IL-2
was measured as described by Le Thi Bich-Thuy
et al'¥. Briefly, spleen cells were cultured in triplicate
at 4x10° cells in 100 W K-0 containing 10% FBS,
in the presence of a grade amount of recombinant
IL-2, in a 96 well flat-bottomed microplate for 3
and 5 days at 37C in a humidified 5% CO: incuba-
tor. Cells were pulsed with 0.5 pCi *H-thymidine
(6.7Ci/mmol, NEN) per well for the last 6 hours
of incubation. Cells were collected with an automa-
tic Titertek cell harvester (Flow, UK) and *H-thymi-
dine incorporation was determined by scintillation
spectrometry (LKB). Results were expressed as mean
counts/minute £ SE of triplicate cultures.

Lymphoproliferative responses to ConA

Spleen cells were cultured in triplicate at 4X<10°
cells in 200 W K-0 media supplemented with 10%
heat inactivated FBS, in a 96 well flat-bottomed mi-
croplate (Falcon) and stimulated with 5 pg/m/ ConA
(Sigma. type III). Cultures were incubated at 37C
in a humidified 5% CO. incubator for 44 hours
and were pulsed with 0.5 pCi *H-thymidine (6.7
Ci/mmol. NEN) per well for the last 18 hours of
incubation. Cells were collected with an automatic
Titertek cell harvester (Flow, UK) and “H-thymidine
incorporation was determined by scintillation spec-
trometry (LKB). Results were expressed as mean
counts/minute * SE.

Statistical analysis
The significance of the differences was evaluated
by Student’s T-test.

RESULTS AND DISCUSSION

In the previous studies, it was found that brazilin
showed noticeable effects on TCGF release. respon-
siveness to IL-2. and splenocytes proliferation in
mice '?. The present study was undertaken to de-
termine immunomodulating activities of brazilin in
vitro for the elucidation of the acting-mechanism.
Our first trial was to the effect of brazilin on ConA-

induced TCGF production from normal splenocy-



Table L. In vitro effects of brazilin on ConA-induced
TCGF production of splenocytes from normal

C57BL/6 female mice”
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Brazilin TCGF Activity (U/m/)
(ng/m) Experiment 1. Experiment 2.
0 76.66% 10.59 88.30+ 7.75

5 9267+ 17.61 ND¢
10 87.33+ 4.50 11853+ 13.27
20 9800+ 5.56 156.06+ 9.11”
40 13500+ 8.88, 15133+ 1.75
80 129334 15.88" 12733+ 551°
160 11533+ 14.57 11473£ 1338
320 107.00% 16.37 11333+ 11.15
625 87.66% 10.26 109.13+ 1548
1250 9333+ 6.34 10473+ 7.12
2500 79.33% 929 109.60+ 3,65
5000 3133+ 251° 1620+ 111
10000 ND¥ 1080t 1.12°

“The results are representative mean * SD from dupli-
cate experiments.
#Significantly different from untreated culwre (p<0.01).
‘not determined.

tes. Normal splenocytes (8X10°%/ml) were incubated
at various concentrations of brazilin at 30C for 20
hours. But any significant increase in TCGF activity
was not observed in the supernatants of splenocytes
incubated with brazilin for 20 hrs without Con A
treatment. As shown in Table I, brazilin (20-80
ng/m/) significantly increased the TCGF levels in
the supernatant from the ConA-stimulated spleno-
cytes, compared to control preparation. This result
is consistent with the previous observations in
which an increase was found in vivo in delayed type
hypersensitivity by the treatment of brazilin" ™',
The precise nature of the enhancing effect of brazi-
lin on TCGF production should be further elucida-
ted. However, TCGF production was inhibited in
the concentrations more than 5 ug/m/ brazilin.
ConA blasts were cultured with various amounts
of recombinant IL-2 and/or brazilin in order to ex-
clude the possible effect of brazilin remained in
supernatants. since supernatants were not dialysed.
As presented in Table Il brazilin itself showed no
significant direct effects on proliferation of ConA
blasts and recombinant IL-2 induced proliferation
of ConA blasts was not interrupted in the concent-
rations below 640 ng/m/ brazilin. Thus the increase

Table II. Effects of brazilin on responsiveness of ConA
blasts to standard IL-2* (80 U/m))

Brazilin *H-Thymidine uptake (cpmX1077)
(ug/ml) Experiment 1. Experiment 2.
0 48.10%+ 2.13 79.30£ 223

5 48.04+ 0.76 7513+ 224
10 4759+ 227 7790+ 0.79
20 4683+ 1.64 78.84+ 241
40 53.18£0.75 76.86+ 1.74
80 4774129 7845+ 2.34
160 47.84+ (.51 7453+ 249
320 4978+ 1.30 7537272
640 4429+ 205 5690+ 5.59
1250 4331+ 091 54361 3.41°
2500 39.03+ 198" 4540+ 503
5000 29.00+ 0.59" 1392+ L11°

“The results are representative mean* SE from dupli-
cate experiments.
*Significantly different from untreated culture (p<0.01).

in TCGF release by brazilin is ascribed to the sti-
mulation of the synthesis and/or release of TCGF
from splenocytes.

Freshly prepared resting splenocytes are known
to proliferate in response to high doses of recom-
binant IL-2, and the activated splenocytes with high
affinity IL-2 receptor proliferate in the presense of
physiological concentration of IL-2'*"'7 Therefore,
we examined the responsiveness of splenocytes to
exogenous IL-2 in order to evaluate indirectlv the
changes in the expression of functional IL-2 recep-
tor. instead of the direct assay of total IL-2 receptor
using monoclonal anti-Tac antibody'™ ™. Table II
represents proliferation of resting splenocytes by the
addition of exogenous IL-2 for 3 days or 5 days.
The higher concentration of IL-2 was required for
cell proliferation in 3 days’ incubation than that
in 5 days’ incubation. Three days’ incubation resul-
ted in increased number of intermediate or high
affinity 1L-2 receptors, but with 5 days’ incubation,
only high affinity IL-2 receptors were expressed.
Brazilin did not exhibit any significant changes in
the proliferative response of splenocytes to IL-2.
This results were not in accordance with the in vivo
results in which the exogenous IL-2 induced proli-
feration of splenocytes from brazilin treated mice
was increased by 3 days’ incubation''”. As shown
in Table IV, brazilin did not interfere with the exp-
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Table III. Effects of brazilin on responsiveness of resting splenocytes to standard IL-2°

’H-Thymidine incorporation (cpmX107%)

Brazilin
(ng/mj) Day 3 Day 5
800 U/m/ 3200 U/m/ 50 U/m/ 200 U/m/
0 3587+ 057 6826+ 1.29 5897+ 735 86.58+ 8.67
5 3516+ 192 68.06+ 1.03 53324229 82.18+5.09
10 3760+ 0.75 65.82+ 030 4746+ 373 72.82+6.39
20 37.08% 1.44 68.89+ 0.35 59.07+243 71.87+£ 105
40 34.89+ 193 7125+ 3.06 64.88+ 3.96 9049+ 4.76
80 3772+ 054 7117+ 099 6577+ 321 93.78+ 4.31
160 38.01% 1.6t 7239+ 1.71 63441 1.78 84.50+ 3.81
320 38.59% 0.05 66.65+ 5.80 52,60+ 1.52 81.78+3.23
640 3691+ 0.64 70.68+ 1.76 5560+ 2.17 82.68+ 502
1250 36.68+ 1.00 67.29+0.58 438.84+ 1.80 79.00+ 945
2500 26.10+ 0.29 5844+ 446" 34.17+ 1.56° 56.16+ 198"
5000 17.94% 0.54 3479+ 0.86¢ 19.90+ 1.00¢ 24.65% 026
“The results are representative mean+ SE from duplicate experiments.
*Significantly different from untreated culture (p<0.01).
Table IV. Effect of brazilin on ConA induced expression of high affinity IL-2 receptor’
Brazilin *H-Thymidine incorporation (cpmX107%)
(ug/ml) Standard 1L-2 (U/ml)
20 40 80
0 4488+ 1.95 5602+ 042 61.88* 0.64
5 46.16+0.35 54.87+ 009 65.00+ 1.01
10 41.141£ 042 4961+ 1.04 59.88+ 1.20
20 43.06+ 0.38 49.88+ 420 59.67+ 0.70
40 4292+ 137 5198+ 0.69 60.61+ 1.15
80 4275+ 0.72 51.68+ 0.76 57.32+ 0.63
160 4645+ 0.72 5428+ 1.54 64.18% 042
320 37.58+ 1.84 4466+ 0.14 5751+ 347
640 48.55+ 095 5641+ 1.86 64.23+0.80
1250 4751+ 0.58 60.05% 1.52 65.00+ 1.21
2500 4224+ 0.76 57.52+0.62 67.13+0.77
5000 1044+ 047 11.86% 0.24" 1276+ 0.25"

“The results are representative meant SE from duplicate experiments.

»Significantly different from untreated culture (p<0.01).

ression of high affinity IL-2 receptor, that is, with
the acquisition of the responsiveness to IL-2 of
ConA blasts with high affinity IL-2 receptor.
Table V indicates that ConA induced prolifera-
tion of splenocytes was not affected by the treatment
of brazilin. No explanation was still possible why
brazilin did not have any effects on ConA induc-

ed proliferation of splenocytes in spite of the aug-
mentation of TCGF release in the concentrations
of 20-80 ng/ml/.

The results obtained in this in viro study were
different from the in vivo experimental results that
brazilin decreasecs splenocyte proliferation and inc-
reases TCGF release and responsiveness to IL-2.
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Table V. Effects of brazilin on ConA induced T cell proliferation,

Brazilin ConA *H-Thymidine incorporation (cpmX107%)
(ng/ml) (ng/m) Culture time (Hour)
16 24 32
Experiment 1
0 25 1599+ 0.51 37.55+£098 4501+ 098
5 25 14.60+ 0.24 33.68+ 1,05 4492+ 097
10 25 17.52+ 0.07 3329+ 093 40.50x /0.15
20 25 1689%0.16 31.641 091 4240+ 237
40 25 1834+ 0.13 3498+ 0.12 4387+ 1.13
80 25 17.08+ 0.24 3432+ 0.60 43741071
160 25 17.18+0.13 34.80+ 1.09 4220+ 1.06
320 25 17252 0.18 36.56% 1.81 4724+ 131
640 25 1487 0.09 29.84%+ 0.89 40.11x0.62
1250 25 18.48+ 048 29551071 3974+ 053
2500 2.5 417+ 007 9.12+ 021 923+ 046"
5000 25 132+ 007 0.52+ 0.06* 0.34+ 0.04*
Experiment 2
0 5 7584+ 1.52 11944+ 040 12659+ 0.23
5 5 68.53+ 041 113.86% 341 11412+ 0.84
10 5 8203+ 1.17 100.14+ 413 11198+ 1.98
20 5 85.94% 1.01 98.50+ 0.80 110.12+ 296
40 5 87.39+ 0.36 104.29+ 0.68 10237+ 0.84
80 5 8276+ 0.73 101.58%2.20 105.75£ 1.30
160 S 81.63+ 221 10599+ 1.78 10292+ 0.71
320 S 79.23+ 0.56 11854+ 0.82 109.34+ 0.83
640 5 7457+ 0.21 10511£1.73 109.66 % 0.66
1250 5 64.78+ 1.04 9530+ 229 10838+ 0.15
2500 S 12.13+ 0.69 27.36+ 0.55 4378+ 1.92%
5000 5 2.58+0.03 0.38+ 0.05" 0.52+0.14%
Experiment 3
0 10 15532+ 048 184.68+ 4.11 163.25+ 048
5 10 149.70% 242 172.66% 1.51 150.64% 0.15
10 10 16421+ 1.29 16407+ 2.35 14718+ 220
20 10 159.59+ 092 166.96% 0.92 147.68+ 237
40 10 17044+ 0.08 164.79+ 1.23 150.58+0.72
80 10 162.83+2.09 169.57+ 1.27 141.78+ 192
160 10 16474+ 247 16740+ 135 13543+ 1.72
320 10 157.08+ 2.09 157641272 138.09%+ 0.53
640 10 159.60+ 3.53 157.58+ 3.61 144.15+ 0.88
1250 10 13695+ 193 147.04+ 0.57 149.17+ 098
2500 10 3292+ 097, 63.15+ 246 88.10+ 3,67
5000 10 292+ 0.03 0.38+ 0.03% 0.54+ 0.03"

“The results are representative meant SE from duplicate experiments.
® Significantly different from untreated culture (p<0.01).
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