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Abstract [] The present work was designed to investigate the effects of brazilin on ConA-
induced TCGF release, responsiveness to standard I1L-2. and mitogens-induced prolifera-
tion of splenocyte when administered intraperitoneally to 8 week-old C57BL/6 mice for
2 consecutive days. Immunological tests were performed 72 hours after the treatment
of brazilin. The administration of 50 mg/kg brazilin caused a noticeable increase in TCGF
release and responsiveness to standard IL-2, but inhibited mitogens-induced proliferation
of splenocyte. These results indicated that brazilin is able to modulate immunological
functions despite of its inhibitory effect on mitogen induced cell proliferation.

Key words [] Brazilin, immunomodulation, TCGF. responsivencss to IL-2. lymphocyte pro-

liferation.

It was reported that many flavonoids act as bio-
logical response modifier affecting various cell sys-
tems involved in immunity. inflammation and aller-
gic reaction' "\

In our previous experiments. brazilin was also
found to have immunomodulating activities; brazi-
lin increases delayed type hypersensitivity (DTH)
against bovine serum albumin (BSA) and decreases
the circulating leukocyte counts, but showed no sig-
nificant effects on IgM/IgG plaque forming cells
in vivo and in viro. In addition, brazilin recovered
the decreased DTH in alloxan diabetic mice to nor-
mal physiological levels and reversed immunologi-
cal tolerance induced by high dose antigen, through
the potentiation of TCGF release and the suppres-
sion of nonspecific suppressor activity of spleno-
cytes™.

From these results, it was motivated to undertake
this study to elucidate the more detailed immuno-
modulating mechanism of brazilin in normal C57B/
6 femalc mice.
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EXPERIMENTAL METHODS

Experimental animals

8 week-old CS7BL/6 female mice were purchased
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.

Treatment of animals

100 mg brazilin (Aldrich) was suspended in 20
m/ saline and sonicated for one hour. 10 m/ of
cyclophosphamide(CY. Sigma. 4 mg/m/) was prepa-
red just before use. Mice were given intraperitoneal-
ly 50 mg/kg brazilin per day for 2 consecutive days.
Controls received vehicle alone. Immunological tests
were performed 72 hours after the last administra-
tion of brazilin. CY (40 mg/kg) was administerd
intraperitoneally 48 hours before the immunological
tests.
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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),
10 mM HEPES (Sigma), 2 g/L sodium bicarbonate
(Sigma). | mM nonessential amino acids (Gibco),
50 uM 2-mercaptoethanol (Sigma) (This formula is
referred to as K-0 medium throughout this work).
Pooled spleen cell suspension from 3 mice in each
group. obtained by disaggregation of chopped tissue
in loosely packed homogenizer, was washed by cen-
trifugation (260 g, 6 min) and red blood cell(RBC)
was lysed by hypotonic shock. After 3 times wa-
shing with fresh medium. cell viability was deter-
mined by trypan blue cxclusion test.

Lymphoproliferative responses to mitogens

Splecen cells from 3 mice in each group were pla-
ted in triplicate at 4X10° cells in 200 W/ K-0 media
supplemented with 10% heat inactivated FBS, in a
96 well flat-bottomed microplate (Falcon) and sti-
mulated with either 10 pg/m/ phytohemagglutinin
(PHA. Gibco), 5 pyg/m/ ConA (Sigma) or 5 pg/m/
lipopolysaccharide from E. coli (LPS. 055:B5, Di-
fco). Cultures were incubated at 37C in a humidi-
fied 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

Table I. Effects of mitogen doses on the proliferation
of splenocytes from CS57BL/6 female mice

Mitogens *H-Thymidine incorporation(cpm X 10 *)
(wg/mty —7F—7- —7
ConA PHA LPS
0 990+ 047  990% 047 990+ (047
1.25 26.72+0.22 ND ND
25 75361258 12.63+0.17 ND
50 136491 062 2539+ {84  [1827+4.58
10.0 17134 418 4084+ 052 141.25+ 330
20.0 166.51% 305 58461048 15084+ 1.62
400 111872034 42512 108 117714292
80.0 ND 28221059 88.64% 3.00
160.0 ND 1226+ 047

* Representative mean = SE {rom 3 separate triplicate
cuftures

* ND: not detected

(Flow, UK) and *H-thymidine incorporation was de-
termined by scintillation spectrometry (LKB). Resu-
Its were expressed as mean counts/minutex SD in
triplicate cultures.

TCGF production

Spleen cells from 3 mice in each group were cul-
tured at 8X10° cells in 1 m/ K-0 media in the pre-
sence of 10 pg/m/ ConA (Sigma, type HI), in a 24
well microplate (Falcon). After 24 hours of incuba-
tion at 37C in a humidified 5% CO, incubator,
supernatants were harvested and stored at —20T
until assay. Brazilin was added to medium at the
starting time of culture.

TCGF assay

Supernatants were assayed for TCGF by their
ability to maintain proliferation of ConA-activated
T cell blasts as described by Coutinho e al'™. with
slight modification. In brief, blast cells were obtain-
ed by stimulating splenocytes with 30 pg/m! ConA
for 72 hours. After 3 times washing with K-0 media
supplemented with 10% heat inactivated FBS (Gi-
bco) and 100 mM  o-methylmannopyranoside (Si-
gma). 2X10* blast cells were cultured in triplicate
for 30 hours with 50 w/ of supcrnatants of serial
two-fold dilutions. in a 96 well round-bottomed mi-
croplate (Falcon). Cells were pulsed with 0.5 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-thymidinc incorporation was determined by scin-
tillation spectrometry (LKB). Calibration curve was
made with human recombinant IL-2 (Gift from Dr.
K.S. Ham. KIST). TCGF activity was expressed as
cquivalent potency of 1L-2 .

Table Il. Time course of response of splenocytes from
(C57BL/6 female mice to mitogens

Culture
time(h)

‘H-Thymidine incorporation(cpm <10 )

ConA Spg/mil PHA 20 pg/m/ LPS 10 pug/m/

26 1708+ 138 3536% 097 42371025
34 972+ 164 66961 0.80 98.99+ 1.03
42 14887+ 1.05 6641+ 268 12430+ 118
50 16894+ (.85 5361+ 180 133,14+ 290

" Representative mean & SE from 3 separate triplicate
cultures
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Table III. Effects of Brazilin on mitogen induced lymphocyte proliferation in normal C57BL/6 female mice®

Mitogens *H-Thymidine incorporation(cpm X 10 %)
(ng/mf)
Control Brazilin Y

Experiment |
0 343+ 0.17 3.08+0.26 2831018
ConA
25 47.75+ 597 3370+ 429 3746+ 055"
50 77.06+ 1.51 6090+ 3.36" 63.39+ 378"
PHA pg/m/
5 13.38+0.26 1276+ 0.78 1233+ 0.12
10 2097+ 0.95 2307+ 0.26 2242+ 0.76
LPS pg/m/
25 3651416 2042+ 144" 2449+ 094
50 46.76x 3.73 3277+£21% 3377+ 240
Experiment 2
0 826+ 0.63 7371 0.18 859+ 0.17
ConA
25 65771093 49.18+2.32 52+ 326"
50 136954 1.48 101.98% 138" l()() 82+ 219
PHA pg/m/
S 26.54+ (.50 1395+ 0.61” 2521+047
10 4631+ 1.08 3340+ 0.5¢ 38.58%291°
LPS pg/m/
25 10648+ 1.33 7980+ 325" 79.02+ 297"
50 12578+ 0.83 102.64+ 147 90.82+ 0.73

“Representative mean +
different from controlgroup (p<0.01)

Responsiveness to standard 1L-2

Responsiveness of splenocyte to IL-2 was meas-
ured as described™, with slight midification. In
brief, spleen cells from 3 mice in each group were
cultured in triplicate at 4X10° cells in 100 pl K-0
containing 10% FBS. in the presence of a grade
IL-2, in a 96 well round-
bottomed microplate for 3 and 35 days at 37C in
a humidified 5% CO. incubator. Cells were pulsed
with 0.5 uCi *H-thymidine (6.7 Ci/mmol. NEN) per
well for the last 6 hours of incubation. Cells were

amount of standard

collected with an automatic Titertek cell harvester
(Flow, UK) and *H-thymidine incorporation was de-
termined by scintillation spectrometry (LKB). Resu-
Its were expressed as mean counts/minute £ SD
of triplicate cultures.

Assay of nonspecific suppressor cells activity
X 10° spleen cells in 1 ml K-0 medium. were
treated with 25 pg/m/ mitomycin C (MMC, Sigma)

SE from 3 scparate triplicate cultures ofspleens from group of 3 mice. *Significantly

for 30 min at 37C. After 3 times washing, MMC-
treated cells were counted and used as suppressor
cells. Suppressor activity of MMC-treated cells was
determined by ConA induced lymphocyte proli-
feration”. Bricfly. 1X 1%, 2X10%, 4X10°, or 8X 10
MMC-treated suppressor cells were added to freshly
prepared cultures containing 2X10° or 4X10° C57
BL/6 splenocytes (responder) and 5 pg/m/ ConA.
The cultures were incubated for 62 or 44 hours at
37C in 96 well round-bottomed microplate. *H-thymi-
dine incorporation was determined during the last
I8 hours of incubation.

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

RESULTS AND DISCUSSION

“H-thymidine uptake of splenocyte appeared to
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Table IV. Responsiveness of ConA blasts and resting sp-
lenocytes from C57BL/6 female mice to Stan-

dard IL-2
Standard IL-2 ‘H-Thymidine incorporation(cpm X 10 %)
(U/mf)

ConA blast Nonstimulated cell

0 4211048 037+ 0.03

5 1599+ 043 024+ 0.04

10 25.60+0.72 025+ 001

20 3418+ 0.78 033+ 002

40 4520+ 081 0.32+ 001

80 56,06t 1.02 045+ 003

160 64.39+ 042 ND

Table V. Effects of ConA concentration and Cell density
on TCGF production of splenocytes from C57
BL/6 female normal mice

ConA  FCS% TCGF activity(U/m/)
(ug/m/)
2X10%well  4X10%well  8X 10%well

1 0 1873+ 0.18 19.63+0.31 1373+ 035
2 0 2573079 4040+ 208 2470 005
4 0 2826+ 053 4080+ 088 6313+ 284
8 0 15102025 39162003 15490+ 985
8 5 17.70£ 035 4283+ 209 15246+ 12.70

#Representative mean * SE from 3 separate triplicate cul-
tures
*TCGF activities are expressed as IL-2 unit

be maximal at the cell density of 4X10°%/well, 42-
50 hours incubation time, 5-20 ug/m/ ConA, 10
pug/ml PHA and 10 pg/m/ LPS as shown in Table
I and Table II. The uptake declined after 58 hours
incubation. Using these condition we investigated
the effects of brazilin on the mitogen-induced cell
proliferation and the result were shown in Table
1. Brazilin (50 mg/kg) significantly suppressed the
mitogen-induced proliferation of splenocytes but its
mechanism was not yet vnderstood. The result was
consistent with the findings that flavonoids generally
suppress mitogen induced cell proliferation' "',
It is well known that TCGF or IL-2 receptor ex-
pression is necessary in mitogen induced cell pro-
liferation""'". Therefore, we assessed the effects of
brazilin on TCGF production and IL-2 receptor
expression in order to get informations on its sup-
pressive nature of cell proliferation. Total TCGF

Table VI. Time course of TCGF production of splenocy-
tes in C57BL/6 female mice

Culture time (H) TCGF activity(U/ml)

8 0
16 90.26% 5.30
20 16746+ 8.84
28 8266922
48 4408+ 4.00

#Representative mean + SE from 3 separate triplicate
cultures
*TCGF activities are expressed as IL-2 unit

activities were expressed as equivalently potent IL-
2 activities because IL-2 is a major factor for mito-
gen induced T cell proliferation. A logarithmic plot
of applied standard IL-2 units versus *H-thymidine
uptake of ConA blasts appeared nearly linear (Ta-
ble 1V). “H-thymidine uptake by ConA blasts res-
ponsive to supernatant containing TCGF was cal-
culated using the standard IL-2 calibration curve
and expressed as equivalently potent IL-2 activities.
Resting cells were nonresponsive to standard IL-2.
It is, therefore, certain that ConA blasts are the cells
with TL-2 receptor of high affinity. 100 mM a-meth-
ylmannoside was sufficient to remove residual
ConA in ConA blasts and supernatant containing
IL-2. Table V and Table VI show the optimal con-
ditions for TCGF production of splenocytes. TCGF
release was maximal at 8 pg/m/ ConA and cell den-
sity of 4X10°m/. The amounts of TCGF in super-
natants decreased after 24 hours incubation, due
to the absorption of TCGF (IL-2) by IL-2 receptor
expressed or secreted during activation of cells™'?.
As shown in Table VI, brazilin increased TCGF
release despite of the inhibition of mitogen induced
proliferation (Table III).

It has been reported that IL-2 upregulates its own
receptor’® '™, IL-2 receptor of high affinity was com-
posed of a chain (p70) and B chain(p55, Tac anti-
gen)™, and the cells with IL-2 receptor of high affi-
nity proliferate in the lower concentration of IL-2
(10 "> M). o chain with intermediate affinity, expre-
ssed on resting cells, alone requires the more IL-
2 (107" M) for the cell activation and is responsible
for IL-2 internalization and probably signal trans-
duction'”. B chain or Tac antigen with low affinity.
is expressed on activated cells. Defects in IL-2 re-
ceptor expression may underlie various immunolo-
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Table VII. Effects of brazilin on TCGF secretion of normal splenocytes of C57BL/6 female mice

TCGF activity(U/mi)

Group
Experiment 1 Experiment 2
20 H 24 H 24 H
Control 15667+ 185 78.00% 3.78 11370+ 5.07
Brazilin 50 mg/kg 214,67+ 1241° 117.00+ 8.38 140.66+ 2.60"
CY 40 mg/kg 12567t 0.21 111.00% 8.00" 11573+ 6.06

“Representative mean * SE from 3 separate triplicate cultures of spleens from group of 3 mice.
*Significantly different from control group (p<0.01)
*TCGF activities are expressed as IL-2 unit

Table VIII. Time course of responsiveness of splenocytes from normal C57BL/6 female mice, to standard IL-2

IL-2 ‘H-Thymidine incorporation(cpm X 107
(U/mf) — Culture time(day) —
2 3 5 7

0 2341026 379+ 029 348+ 0.27 524+ 1.65
200 7.12+ 049 18.89% 0.17 112.85% 3.85 23,69+ 2.64
400 7.84+ .18 2204+ 0.35 112.11%+ 499 37.181 4.14
800 12,70+ 0.36 3421+ 111 14949+ 9.33 2938+ 2.67
1600 2005+ 0.24 52.86+ 0.38 171.05£0.76 33191+ 430
3200 30.73% 0.65 79.35+ 045 140,11+ 2.39 2580+ 0.87

#Representative mean * SE from 3 separate triplicate cultures

gical diseases. Such defects have been described in
several experimental models, including systemic
lupus erythematosus(SLE) and tumor bearing

Table IX. Effects of brazilin on responsiveness of spleno-
cytes to standard IL-2 in normal C57BL/6 fe-

male mice
mice'. The responsiveness of splenocytes to exoge-
nous IL-2 was determined in order to evaluate the IL-2 *H-Thymidine incorporation(cpm X107
changes in the expression of functional IL-2 recep- (U/mi)
tor. This method is known to be alternative to the Control Brazilin (&
direct determination of total IL-2 receptor using Day 3
monoclonal anti-Tac antibody' *¥. Table VIII rep- 0 113+ 0.21 123+ 013 1,08+ 0.16
resents proliferation of splenocytes by exogenous IL- 100 884+ 031 11831084 6801022
2 at various incubation times. The higher concen- 200 13.522 026 16222 0.1Y 786+ 0.17
tration of IL-2 was required for cell proliferation 400 1940+ 043 23742 0.64" 13842 0.11
in 3 days incubation than in 5 days’ incubation. 800 2343%033  3405£ 039" 1960+ 023

Cell proliferation in 3 days incubation resulted in 1600 2899£045 4733+ 083" 26,501 069

the increased 1L-2 receptor of intermediate affinity ~ DAY 5

or high affinity. On the other hand. only the IL- 0 1452019 1914010 115+ 0.11

2 receptor of high affinity was expressed with 5 100 81561047 8623+ 088 3231+ 163,
days’ incubation. As shown in Table 1X, responsive- 2000 9978+ 343 9265% 146 4819+ 534
ness of splenocyte to high unit of IL-2 after 3 days’ 40011079+ 620 124862 672 90374792
incubation in the presence of exogenous IL-2 signi-  “Representative mean * SE from 3 separate triplicate
ficantly increased in brazilin treated group but after  cultures of spleens from group of 3 mice. *Significantly
5 days’ incubation it was not changed. Considering different from control group (p<0.01)
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Table X. Suppressor activities of splenocytes from normal
CS7BL/6 female mice (Responder 4X%10°/

well)
Responder/  *H-Thymidine incorporation(cpm X 10~ %)
Suppressor
ratio ConA 25 ConA 35
0 88.77+ 2.66 13702+ 4.11
2 57.62+ 122 66.50% 1.50
1 36.28% 267 22.56t 043
1/2 6.68+ 0.33 2.82+ 046
1/4 107+ 0.08 0.61+0.05

#Representative mean + SE from 3 separate triplicate cul-
tures

these increases in exogenous IL-2 induced splenoc-
yte proliferation at 3 days’ incubation in brazilin
treated mice, brazilin is thought either to accelerate
the expression of IL-2 receptor of high affinity or
to increase the number of cells with IL-2 receptor
of intermediate affinity. From the data obtained, it
was considered that brazilin inhibits splenocyte ac-
tivation at sites distal to IL-2 and IL-2 receptor pa-
thway; that is, inhibition of splenocyte proliferation
by the treatment of brazilin might be due to the
interference with post IL-2 receptor pathway or the
changes in lymphocyte subpopulations'!**,
Finally. nonspecific suppressor activity of spleno-

Table XI. Effects of brazilin on suppressor activities of splenocytes in normal C57BL/6 female mice (Responder 4% 10°

/well)
Responder/ *H-Thymidine incorporation(cpmX 107%)
Suppressor
ratio Control Brazilin CY
Experiment 1
0 9142+ 141 91.42+ 141 9142+ 141
2 81.39+ 1.75 66.17+ 1.06" 63.05+£0.12°
| 5530+ 1.39 4427+ 366" 3994+ 233
1/2 2215+ 1.08 17.12+ 433 19.51+ 826
Experiment 2
0 133.04+ 0.67 133.04% 0.67 133.04+ 0.67
2 12343+ 1.63 110.39+ 0.64% 11781+ 1.29
1 109.34£ 0.06 6571 195 90.80+ 1.45°
1/2 82,88+ 0.36 273+ 029 22,55+ 0.15"

“Representative mean £ SE from 3 separate triplicate cultures of spleens from group of 3 mice.

?Significantly different from control group (p<0.01)

cytes was assessed by ConA induced lymphocyte.
Suppressor cells (MMC-treated cells) at the indica-
ted ratios were added to freshly prepared cultures
containing 5 ug/m/ ConA and 4X10° normal sple-
nocytes (responder) and incubated for 42 hours. The
results were shown in Table X. ConA response was
significantly lowered at the responder/suppressor ra-
tios selected in this experiment. MMC-treated
suppressor cells from either brazilin or CY treated
mice intensively suppressed the ConA response
(Table XI). The mechanisms of their suppressive
actions are not well understood and these unexpec-
ted results need further study. Exogenous IL-2 was
found to promote the suppressor activity of MMC
treated normal splenocytes (Table XII). suggesting

Table XII. Effects of exogenous IL-2 on suppressor acti-
vities of splenocytes from normal CS7BL/6
female mice (Responder 4X 10%/well)

IL-2 *H-Thymidine incorporation(cpmX 10 )
(Brmu/m/)
Responder/Suppressor ratio
2 1 172
0 8120411 8359+ 216 60.34+ 234
40 7871+331 8104+ 132 5252+ 1.17
80 10524+ 1.18  87.32+ 061 50.84+ 1.36
160 100.56+ 044 8805+ 0.82 5294+ 1.80
320 8792+ 276 78071 1.33 4226+ 041

#*Representative mean * SE from 3 separate triplicate cul-
tures
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Table XIIL. Effects of brazilin on suppressor activities of
splenocytes in normal C57BL/6 female mice
(Responder 2X 10%/well)

Responder/ *H-Thymidine incorporation(cpmX10~7)

Suppressor
ratio Control Brazilin CY
0o . 6775+ 081 6775081 6771+ 081
2 7168+ 083 7270t 1.14  70.15%£2.39
1 6542+ 188 66.16192  65.16% 201
172 4017082  4250+264 4345+ 1.69

#Representative mean *
cultures

SE from 3 separate triplicate

that increase in TCGF production and/or changes
in cell subsets in brazilin treated group could be
the most probable factor influencing the suppressor
activity. Regarding the fact that CY preferentially
inactivated the suppressor T cells"*™*", the increase
in suppressor activity in brazilin treated group mi-
ght not be due to the increase in the suppressor
T cells. However, brazilin did not show any signifi-
cant effects on the suppressor system in which 2X
10° responder and the appropriate amount of sup-
pressor were incubated for 60 hours in the presence
of 5 yg/m/ ConA (Table XIII).
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