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Abstract
-'\\

In the previous report. we have provided evidence that Aeginetia indica Roxbert {DDD) extracts enhance T cell-mediated
immunc responses. The study reperied here was focused on the hemetological and immunological efifects, including B cells,
natural killer (NK) cells, macrophages and neutrophils, of the whole plant extract using water (WDDD) or ethanol (EDDD) as
the solvent. The extracts were administered to female B6C3F1 mice by gavage for WDDD (10-100%) and intraperitoneally for
EDDD (0.25 250 mg/kg) for 28 days. In addition to hematological evaluation, severa! quantitative measures and functional
assays {(e.g., the splenic phenatypic analysis, JgM antibody~forming cell responses, natural killer cell activity, mononuclear
phagocyte system [MPS] and neutrophil activity) were 2mployed to examine the effects of DDD extracis on the innate and
hurr.oral immunities. The results from this ssudy demonstrated that exposure 10 WDDD and EDDD produced minimal changes
in the activitics of B cells and natural killer cells, macrophages and neutrophils. Overall, hematological parameters were not
affected by exposure to WDDD or EDDD. Taken together, the enhancing effect of DDD extracts on T ¢2lls may be primarily
responsible for the successful and long-time use of this traditional herbal medicine in Thailand.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the hematological and immunological effects of this

plant species from Thailand. We have initiated a

Although Aeginetia indica Roxbert (DDD) has
been used extensively for its beneficial medicinal
effects, there have been limited published studies on
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study in female B6C3F1 mice by examining the
medulatory effects of DDD extracts on the immune
system. In the previous paper, we have shown that
exposure 1o DDD extracts increases the activities of
T cells [1]. The studies reported herein were under-
taken to determine if humoral and innate immunities
were also stimulated by exposure to DDD extracts,
and thus, possibly contribute to its long-term use as a
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medicinal herb. In acdition to the ecffects on the
immune system, hemaiologicel parameters were also
evaluated to provide zdditional insighf into general
toxicological properties of the Ferb not previously
reported.

The most frequently used methods for extracting
the active compounds in herbs are alcohel and
water extractions [2,3]. In our study, both methods
were employed to obtaln experimental materials.
The whole plant extract obtained using aqueous
ethanol (95%) as the solvent was designated as
EDDD, while WDDD refers to the whole plant
extract acquired using hot water as the soiverl.
Because the Thai people consume this herbal

medicine from crode whole plant decoction by

the oral route, the female B6C3F1 mice received
WDDD by gavage. However, in the swdies per-
tormed on Japanese 4. indica Linn., the butanol or
alcohol extract was frequently used and adminis-
trated by intraperitoneal (i.p.) injection in mice [4--
7). Thus, EDDD was also given to mice intra-
peritoneally as a comparison in our study. Several
quantitative measures and functional?*assays that are
recognized by the Food and Drug Administration
(FDA), Environmental Protection Agency (EPA)
and National Toxicology Program (NTP) as predic-
tive for identifying compounds with immunomodu-
latory potential were employed {8]. These inciuded
the splenic phenotypic analysis, IgM antibody-
forming cell responses, natural killer (NK) cell
activity and functional activity of the mononuclear
phagocyte system (MPS). In addition, the effccts
or. neutrophils were also evaluated by determining
the number of neutrophils and the activity of
myeloperoxidase (MPQO) which was produced by
neutrophils. The results demonstrated that in con-
trast 1o the stimulatory effects on T cells, exposure
to WDDD and EDDD produced minimal changes
in the activities of B cells, natural killer cells,
macrophages and neutrophils.

2. Materials and methods
2.1, Preparation of WDDD and FDDD

WDDD and EDDD were prepared as previcusly
described {1..

2.2, Animais and animal exposure

Animal and animal exposure were conducted as
previously described {1].

2.3. Toxicological studies

Animal body weights werec obtained weckly to
determine the effects of DDD extracis on body weight
and to adjust dose imjection volumes. To evaluate
hematological parameters, blood was drawn and col-
.ected into EDTA tubes (Becton Dickinson, USA) by
retroorbital bleeding. Hematological parameters eval-
uated included: the number of erythrocytes, hemogo-
blin, hematocrit, mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH) ard mean cor-
puscular hemoglobin concentration (MCHC). Analy-
sis was conducted using a K-1000 Hematology
analyzer (Roche Dignostics). The number of reticulo-
cytes was measured using a Retic-count Reagent stain
(Thiazole Orange, Becton Dickinson) followed by
flow cytometric analysis. The differential white blood
cells count was analyzed using a Hemaver series
instrument (DrewScientific, Oxford, CT, USA).

2.4, Spleen collection and single cell suspension
Preparanon

Spleen collection and single cell suspension prep-
aration were as previously described [1].

2.5. Hemolytic plague assay for detecting IgM
antibody-forming cells

The primary IgM antibody-forming cell response
to sheep red blood ceils (sSRBC) was measured using a
modified hemolytic plague assay of Jerne and Nerdin
[9]. Mice were sensitized with 7.5 x 107 sRBC (in-
travenously, i.v.) 4 days prior to sacrifice. Spleen cell
suspensior.s were prepared as described above, and an
aliquot of cells was added to a test tube conaining
guinez pig complement, sSRBC and warm agar (46--48
°C). The mixture was plated in a petri dish, covered
with a microscope cover slip and incubated at 37 °C
for 3 h. Cell counts were performed, and the devel-
opzd plagues were counted using a Bellco plaque
viewer. The data were expressed as antibody forming
cells (AFC)/1 0® spleen cells and AFC { X 10° ¥spieen,
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2.6. Natural killer (NK) cell activity

The activity of NK cells was assayed as described |

by Reynolds and Herbman [10] Wwith modification.
Single cell suspensions were adjusted to six concen-
trations: 1 X 10, 5 X 10, 2.5 x 10, 1.25 x 10, 0.625 %
10 and 0.31 x 10 cells/ml. The target cells (5 x 10%
ml), SICr-YAC-1 cells, were added to each well of a
96-well plate in a volume of 0.1 ml. The effector
cells at a volume of 0.1 ml were added to each of
two replicate wells of target cells at each effector
concentration to obtain effector/target ratios of 200:1,
100:1,-50:1, 25:1, 12.5:1 and 6.25:1. The spontane-
ous release and the maximum release were deter-
mined by adding 0.1 ml of medium and Triton X-
1060 (0.1%) to each of 12 replicate wells containing
the target cells, respectively. Following a 4-h incuba-
tion, the plates were centrifuged, and 0.1 ml of the
supernatant was removed from each well and
- counted wsing a.

2.7. Flow cytometric analysis
The percentages of B cells (Ig"), NK cells
(NK1.1°CD37) and macrophages (Mac3") in the

spleen were measured using flow cytometric analysis

as previously described [1]. Irrelevant, isotype
matched antibodies were used as the control. The
antibodies utilized were obiained from BD Pharmin-
gen (San Diego, CA, USA) and diluted '1:80 with
staining buffer, which included goat anti-mouse Ig-
FITC, mouse anti-mouse NKI1.1-PE, rat anti-mouse
CD3-FITC and anti-mouse Mac3-FITC.

2.8, Evaluation of the mononuclear phagocyte system

(MFS) o

The MPS activity was evaluated in mice by
measuting the vascular clearance of iv. injected
*ICr-labled sheep erythrocytes (sRBCs) and their
subsequent phagocytosis by macrophage in the
liver, spleen, lungs and thymus. This assay was
performed as describe by Karrow et al. [11]. On
day 29 of study, mice were injected (i.v.) with *'Cr-
labled sRBCs (5 pl/g body weight or approximately
5x 10 sRBCs/ml). Blood samples were obtained
from the tail vein over the next 30 min to deter-
mine the vascular clearance (T'5) of the labeled

1333

sRBCs. After 60 min, the animals were sacrificed,
exanguinated by decapitation, and their liver,
spleen, lungs and thymus were removed to measure
organ radioactivity as an indicator of tissue macro-
phage function. The positive control for this study
was Maleic vinyl ether (MVE, 50 mg/kg, Hercules,
Wilmington, DE, USA). It was administered to
mice by i.v injection 1 day before the day of the
assay.

2.9. Measurement of neutrophil activity

Measurement of myeloperoxidase activity was
performed as described with modification [12--14].
After exposure to WDDD for 28 days, mice were
anesthetized by ip. injection of a mixture of ket-
amine and xylazine in saline. Then, mice were

. treated intranasally with lipopolysaccharide (LPS,

0.3 mg/kg) for 24 h and N-Formyl-Met—Leu—

Phe (fMLP, 2 mpg/kg, Sigma) for 2 h to recruit .
neutrophils into the lung before sacrifice. The whote

lungs were removed and homogenized in a buffer

containing 100 mM sodium acetate, 0.5% hexade-.
cyltrimethylammonium bromide (HETAR) and 5

mM EDTA. The homogenates were sonicated and

centriﬁiged at 13,000 X g for 2 min. The supema-

tants were collected and serially diluted from 1:2 to

1:2,048 with assay buffer in one lane of a 96-well

plate. The final volume was 75 pul per well. Seventy-

five microliters of TMB substrate was added into

each well. The plates were read within 2 min at 450

nm after adding 50 pl of the stop solution (2N

H350,). The result was expressed as midpoint tier

at an optical density of 0.5,

2.0, Statistical analysis

Statistical analysis was conducted as previously
described [1],

3. Results

. 3.1 Effect of DDD extract on hematology parameters

Mice were exposed to WDDD (p.o.) and EDDD
(i.p.) daily for 28 days as described. The effects of
WDDD on the hematological parameters are shown
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in Table 1. When compared to the vehicle control
group, there were no significant differences in the
number of erythrocytes, the concentration of hemo-
globin, MCH, MCHC and platclet counts. A slight
increase of MCV was observed in mice adminis-
trated with 100% WDDD. However, the hematocrit
and reticulocyte values were slightly decreased in
mice exposed to 10% WDDD and 25% WDDD,
respectively. The effects of EDDD on the hemato-
logical parameters are also shown in Table | as a
‘comparison. There were no significant differences
in the number of erythrocytes, the concentration of
" hemoglobin, hematocrit, MCH, MCHC, the percent-

age of reticulocytes or platelet numbers between

animals treated with EDDD and the vehicle control
animals. However, exposure to EDDD produced

slight, albeit statistically significant, increases in
MCV in all the treatment groups (Table 1).

The number and percentage of lymphocytes,
neutrophils, monocytes, eosinophils and basophils
in the blood were determined as deseribed. Expo-
sure to WDDD for 28 days had no effect on the
number of these cells no matter whether the data

were expressed as an absolute value or a percent
value {Table 2).

3.2. Effect of DDD extract on splenocyte phenotype

« Phenotypic analyses of total B cells, NK cells
and macrophages were conducted using flow cyto-
metric analysis, Exposure to WDDD by gavage or
EDDD (i.p.) for 28 days had no effects on the

Table 1
Hematology in female B6C3F! mice exposed to WDDD and EDDD for 28 days
Exposure Parameter .
Erythrocytes Hemoglobin * Hemetocrit (%) MCV (fl) MCH (pg} MCHC Platelets Reticulocytes
(10%mm®)  (g/d) (gdy (10D (%)
WDDD? T
Vehicle® 9.5+0.7 1595 £0.93 4699 +037 49,67+ 0.15 169+0.1 340£02 567.6+930 421+023
WwDDD 10% 89+02 1546 £0.16 4431+ 1.07* 49.7240.11 174+04 35008 473.5+£590 3.79+020
WDBD 25% 93+0.1 15.54 +0.29 46.09 £ 0.60 49.60 £ 0.10 167202 337403 44814850 3.45+0.12¢%
WDDD 50% 9.4+0.1 15474029 4589 +0.47 4991 +0.21 165104 331407 5624+39.0 396+0.07
WDDD 100% 9.2+0.1 1558 0,10 46.14 £0.18 5036+ 0.26*  17.0£01 338+02 6378+10L1 3.81+£0.09
HANH NH NH NH H NH NH H H
Trend analysis® NS p=0.05 NS NS NS NS NS NS
EDDDP*® : '
Vehicle® 83105 14.65 £ 048 41,79+ 2.46 50.11 + 0.08 180+ 1.1 359423 5453%862  6.60+ 043
EDDD 0.25 82+04 13794057 41,70+ 1.90 5086 £ 0.14%% 16903 331406 4589+521 6944034
mg/kg '
EDDD 2.5 9.14+0.t 1555+ 013 46.061+037 5088+ 0.16%* 172+0]1 338401 648511040 6.8010.61
mgke . ’

EDDD 25 82x06 1280 £1.15 41,58 £2.67 5056 %037 157115 3L1+29 3341+945 696+055
mg'kg -

EDDD 250 75105 1348 £ 0.77 38.08 £2.48 50.83+£030* 181406 357%1.1 44831829 6.92+040
mg/kg

H/NH NH NH NH . NH NH NH H H

Trend analysis® NS NS NS p=0.05 NS NS NS NS

Mean values in the same row significantly different friom vehicle control group are indicated as: *p<0.05, **p < 0.01.

Values represent the mean + S.E., n=8§,

H=homegeneous data; NH=non-homogencous data; NS =not significant,

MCV=mean corpuscular volume; MCH =mean corpuscular hemoglobin, MCHC =mean corpuscular hemoglobin concentration.
* Vehicle control group is sterile water. Treatment group is WDDD (10— 100%),
" The Jonckheere's Test was used to test for dose-related trends among the vehicle and exposed groups.
® Vehicle controf group is 0.9% sodium chloride. Treatment group is EDDD (0.25—2.50 mg/kg).
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Table 2
Leukocyte cell differential blood counts in female B6C3F1 mice exposed to WDDD for 28 days
Parameter Vehicle? WwDDD® H/NH

N 10% 25% 50% 100%
Leukocytes (10°/mm®) 5.8+048 5.8+0.49 6.4+ 0.85 581035 6.1+£0.44 H
% Lymphocytes 831208 79 +2.90 76 + 2.66 T8+247 75+197 H
% Neutrophilss 9+1.46 124207 14 £ 1.46 12+ 1.58 14+ 1.51 H
% Monoccytes 6 4 0,40 7+0.19 74058 7+ 041 7+044 H
% Eosinophils 24038 1+£058 24064 21057 3+0.52 H
% Basophils 04+018 04026 1£031 1£033 1£0.19 H
X 10%/mm?

Total lymphocytes 4736 + 293,80 4566 + 303.72 4839+ 703.54 - 4480 + 160.47 4544 + 316,31 H
Total neutrophils 566 £ 144.91 745 £ 184.06 924 + 132.62 723 + 128.28 881 £127.12 H
Total mocytes 356 + 41.06 350 +37.32 448 + 66.78 389 £ 40.15 413 £25.27 H
Total Eosinophils 92 +30.09 90 + 42.68 126 + 36.64 135+ 41.88. 171 £ 30.67 H
Total Basophils 30£8.23 30 + 18,51 ¥ 46+16.36 60 £ 19.46 51 £10.60 H

Values represent the mean + S.E., n=8.

H=homogeneous data; NH=non-homogeneous data; NS = not significant.

*Vehicle control group (sterile water).
STreatment groups (WDDD from concentrations of 10~ 160%).

percent values of total B cells (Ig"), NK cells
(NK1.1'CD3") and macrophages (Mac3™; Table
3). When the data were expressed as absolute
values, exposure to EDDD produce% a slight in-
crease in the number of macrophages at the 0.25
mg/kg dose level (Table 4). ) o

3.3 Eﬂect of DDD extract on neutrophil "activity

(MPO)

Myeloperoxidase is one of the antimicrobial
enzymes produced by neutrophils. Changes in the
MPO activity indicate the functional alteration of
neutrophils [12,13]. In this study, MPO activity was
presented as the midpoint tier. Exposure to WDDD
for 28 days did not produce significant differences
between WDDD treatment groups and the vehicle
contro! group (Fig. 1), although a decreasing trend
was :ipparent.

3.4. Effect of DDD exiract on natural killer (NK) cell
activity

To determine the effect of DDD extracts on
innate immunity, natural killer cell activity was
evaluated in B6C3F1 mice following a 28-day
administration of WDDD .and EDDD (Fig. 2).
The assay was performed at six different effector/
target ratios using YAC-1 cells as the target. Over-

Table 3
Percent values of splenocyte differentials in female B6C3F1 mice
exposed to WDDD and EDDD

Exposure Parameters® _

Ig+ NK1.1+CD3™ Maci+
WDDbDP '
Vehicle® 560+ 1.8 39+02 33+07
WDDD 10% 559+1.5 41£03 50+05
WDDD 25% 51.2£2.0 3.6+£0.1 24+04
WDDD 50% 549+ 1.6 324+03 1.9+ 0.6
WDDD 100% 544426 34+04 30203
H/NH H NH H
Trend analysis® NS p=0.05 N3
EDDD?
Vehicle® 433426  39+01 1.24£02
EDDD 025 mgkg = 426+17 3940, 17402
EDDD 2.5 mg/kg 41.8+26 3.9+ 0.1 1.240.2
EDDD 25 mg/lg 417+27 37+£03 12+02
EDDD 250 mg/kg 426+ 1.1 34+£0.2 1.3+0.2
H/NH H NH NH
Trend analysis® NS p=0.05 N3

Values represent the mean + 8.E., n=8§.
H=homogencous data; NH=non-homegeneous data; NS=not
significant. :

* Jg+=Total B lymphocyre; NK1.1+CD3 — =Natural killer cell;
Mac-3+=Macrophage.

b Vehicle control group is stirile water, Treatment group is
WDDD (10-100%).

¢ The Jonckheere’s test was used to test for dose-related trends
among the vehicle and exposed groups.

4 Vehicle control group is 0.9% sodium chloride. Treatment
group is EDDD (0.25-250 mg/kg).
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Table 4 .
Absolute values of splenocye differentials in female BGCIFL mice

exposed to WDDD and EDDD

Exposure Parameters” -
Spteen cell  Ig+ NK1LY1y - Macd+
(x 10%) cD3”

wpbp®

Vahicle" 17.0+08 8LIEIL2 73+£05 63x07

WwDDD 10% 1601 1.0 87+68 7608 70x14

WwWDDD 25% 169 1.0 86.1+457 72+£07 6E=09

WDDD 0%  16.0+£0.7 872+41 60+04 47006

wDDD [00% 185+£07 100768 75104 63+ 0.7

H/NH H NH NH H

Trend NS NS NS NS
analysis®

EDDD"

Vehiclc* 153£07  667x57 60604 0.3

EDDD 0.25 182+ 038 TI5+51 F1x04 3 0.3"
mg/kg

EDDD 2.5 16.7 +0.4 69.7+48 65+02 2.0x04
mg/kg

EDDD 25 143+ 1.1 60.0+69 S53kC5 1804
mky

EDPD 250 167+ 1.0 7L.0+47 56=03 21%03
mg'kg .

H/NH H H NH H

Trernd NS NS p=0.05 NS
analysis”

Values represent the mean = 5.8, n=§.
H=homogeneous data; NH=nor-homogeneous data; NS =rot
significant,

*Jg b=Total B lymphocyre; NK1.1+CD3 —-=Natuzal killer cell;
Mac-3r= Macropnage.

P Yehicle conal group is stirile water, Treatmem group is
WDDD (10 100%).

“The Jonckheere's test was used 10 test for dose-related trends
amostg the vehicle end exposed groups.

4yoticle contral group s 0.5% sodium chioride. Treatment
group is EDDD (.25 - 250 mg/ke).

all, WODD or EDDD treatment did not significan:-
ly affec: NK cell activity.

3.5. Effect of DDD extract on antibady-forming cell
(AFC) response to the T-dependent anfigen, sheep
ervthrocyres

To evaluate the effect of DDD extracts on the
kumoral component of the immune response, the
ATFC response to sheep erythrocytes was cenducted,
The results are presented as AFC/10° spieen cells

(specific activity) and AFC (x 10°Y/spleen (total
spleen activily). As shown in Fig. 3, daily gavage
with WDDD or injection of EDDD (i.p.} for 28
days did not significantly affect AFC response to
sheep erythrecytes, no matier whether the data were
expressed as AFC/10° splesn cells {(Fig. 3A and B)
or AFC (x 107)/spleen (dats not shown).

3.6. Effect of DDD extract on the activity of the
monomiclear phagocyte system (MFS)

The asszy for the mononuclear phagocyte sys-
tem was used to evaluate the abiliy of the fixed
macrophages to phagocytize radiolabeled particles.
These macrophages line the lver endothclium, the
spleen, the lungs and the thymus. The kidneys
were used 10 morilor spontanecus release of the
chromium trom the labeled RBCs. The results are
expressed as vascular clearance (haifilife), and the
organ distribution of radio.abeled sheep erythro-
cytes (Table 3). There was no significant difference
between the WDDD treatment groups and the
vehicte control group in the vascular half-life of
e radiolabeled shesp ervthrocytes or the distribu-
don of radiolabeled sheep erythrocytes among the
liver, spleen, lungs, thvmus and kidneys. As
expected, MVE, the positive control, significantly
inhibited the phagocytic function in the liver,
spleen and thymus compare 10 the vehicle control
(Table 5).

200-1

150 4]

100 -

50 4

:

Mid Poirt Titer (0.5 read at 450 nm)

L}

VH 10% 25% 50% 100%

wDDOo

Fig. 1. Neutrophil activity measured by MPO assay in B6C3T1
mice exposed to WDDD for 28 days. The resuls are expressed as
the mean + S.E. (n~=8). Statistics were performed a8 described.
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4. Discussion

For many generations, DDD has been used in
Thailand to treat various diseases{15]. However, prior
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=
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Effector:Target

=L~ VH —C— (.25 mglkg
O~ 25mghkg —o— 25mgiky
- 250 mglkg

Fig. 2. Effect of DDD extracts on NK, cell activity. (A} WDDD, (B)
EDDD. Mice were exposed to WDDD or EDDD, and the activity of
NK cells was determined as described. Values represent the
mean £ S.E. derived from eight animals. Statistics were performed
as described.

>

2000 -

1500 4
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1gM AFC/108 Splaen Calls

VH 10% 25% 50%100%
WDDD

[#1)

2600 -

1500 4

igM AFC/108 Spleen Cells
S
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1

VH 025 25 25 100
EDDD (mglkg)

Fig. 3, Effect of DDD extracts on IgM antibody-forming cell (AFC)
response, (A) WDDD; (B) EDDD. Mice were exposed to WDDD or
EDDD, and the number of IgM antibody-forming cells to sRBC in
splenccytes was determined as deseribed. Values represent the
mean & S.E. derived from eight animals. Statistics were performed
as described. : ’

to this work, there have been no published studies on

‘the pharmacological and immunological effects of this

plant species from Thailand. In our previous paper,
DDD extracts have been shown to enhance the activ-
ities of T cells {1]. In the current paper, we reported
the effects of WDDD and EDDD on the hematolog-
ical parameters and other components of the immune
system, the innate immunity and humoral immunity.
Numerous medical plants have been identified and
developed as chemotherapeutic agents and as modu-
lators of the immune system, capable of increasing
macrophage activation and enhancing the functions of
T and B lymphocytes and natural killer cells. Several
plant-derived immunostimulatory drugs have been
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Teble 5
Functional activity of the mononuclear phagocytic system in female B6C3F1 mice exposed to WDDI for 23 days
Parzmeter Vehicle* WDDDY MVE® H/NH  Trend
10% 25% 50% 100% 50 mg/kg analysis®

Body weight 'gy  23.1 =05 228+02 2294006 23.0=04 23.0+03 222465 H NS
Haif-li%e 123 £0.7 10315 4,1 =34 .14 10 98509 4282270 MH  p<0.05
Liver

weigh* (mg) 884 ~ 35 876 + 24 898 = 40 807125 85220 949 £ 34 H NS
% Uptake 22 2751123 3212456 29413 We+2.1 56537+ ™H g
cpmimg 164 £ 9 150 - 12 174.1 = 23 176+ 7 173 £ H 26 4. 20+ NH NS
Spleer.

weight (mg) 74+ 3 75+2 71+3 6342 77=2 83 + 5% H NS
% Uptake i29=0C9 126 = 1.3 113260 12.2:+ 04 1.7 406 TAE£21* NH r=005
cplmg 840. £ 48 BIRL 76 776 £ 161 366 + 14 73638 404 £ 116**  NH NS
lang

weight (mg) 46+ 9 151 =10 157211 4 15447 12619 j43 14 H NS
% Uptake 67x02 071041 23418 7 07200 0.6 3 0.1 1.7+:05 NH NS
cpm/mg 22+ 4 2213 78 + 60 2341 203 52415 NH NS
Thymus

weight (ma) 45 = 4.421 43 £ 5.836 18+ 4615 48 = 3.615 50+7618 35+2295* H NS
% Uptake 002 40,002 0.04 20012 00420022 00240005 02450180 207+06.018 NH NS
epmmg 240,163 4+ 0.688 734831 2 £ 0409 16+ 9.936 8+ 2.182 NH NS
Kidney

weight (mg) 289+ .2 W= 14 285+ 10 276 k8 27345 21+ 10 H NS
% Uptake 16203 151242 1800 14201 1303 0.5 £Q.1%* MNEH NS
CEn/mg 26 x4 28 k4 0+3 24 %2 23 &4 L R NH NS

Values represen: the mean + S.E., n=§.

Mean vatues significantly ifferent from vehicle control group are indicated as: *p = 0,05, **p <0.01,

H -hemogenecus data; NH = non-homogeneous data; NS = not significant.
® Yehicke control group (stirile water).
b Treatment groups (WDDD from concentratons of 13- 100%).
“ The modulatory control is Makeic vinylether (MVE), It was administered i.v. on day 23.
?The Jonckheere's test was used te test for dose-related trends among the vehicle and exposed groups.

used wicely in Europe and Asia as traditional medi-
cine for self-medication as well as serving as starting
matcrials for various prescription drugs. Examples
include the water and alconolic extracts of Echinacea
purpurea [16), Echinacea angustifolia and Echinacea
pallida (herb and root), Panax ginseng [17.18] Eleu-
therococcus senticosus [19] and Rehmania ghutinosa,
etc. {20,21]. For 4. indica Roxbert, therc have been no
published studies on its hematolopical and hmmuno-
logicel effects. Our current study, together with our
previous report 1], represents a scries of papers
focused on the immunomoduiatory effects of DDID.
These findings indicate that DD} extracts can in-
crease the function of T cells but not that of B cells,
NK cells, macrophage and neutrophils in female
B6C3F ] mice.

There are several factors that might contribute to
the negative findings on the humoral and innate

immunities. In adcition o the whole plant, various
parts of the plant have been screened for biological
activites and phytomedicine use; these include the
seeds, flowers, roots and leaves [22). In the studies
performed on A. indica Linn., the same plant species
from Japen, the butanolic seed extracts were used and
kave been shown to have anti-tumor activities in mice
[4-7]. It is possible tha! the sceds have more active
ingredients than the whole plant extracts.

The NK assays wsed in our study were designed to
examine the basal zctivity of NK. cells, In pathological
situations such as tumor development, the itnmune
system is activated and soluble faciors such as cyto-
kincs are secreted to enhance the innate immunity.
Lymphokine-activated killer cells have been shown 10
be successful in cancer immunotherapy [23]. There is
evidence that some chemicals affect the activity of
activated NK cells but not thet of resting NK cells
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{24]. Future studies will consider using IL-2 augment-
ed NK ccll assay [24] or poly I:C-augmented NK ccll
assay [25] to evaluate the cffects of DDD extracss.

The B6C3F1 mouse is a hybrid of male C3H/feN
and female C57BL/6 mice. Following immune acti-
vation, CE7BL/6 mice preferentiaily produce Thl
cytokines {26,27]. It is possible that the DDD extracts
do have effects on humoral immunity but were not
able to be detected in B6C3F1 mice. Tt will be
desirable 10 determine the effects of DDD extracts
in a Th2 strain of mousc such as the BALB/c strain
126,27].

There was a slight increase in ‘he spleen cell
number of the animals treated with the low dose of
EDDD (182 vs. 153 x 107). While this increase
did not reach the level of statistical significance, it
contributed to the increase in the absoluic number
of macrophages observed in the low dosc group
(0.25 mg/kg). However, the biological relevance of
this increase, if there is one, at the lowest dose
level but not at higher dose levels is currently
unknow:. As demonstrated in the MPS assay,
exposure 10 WDDD had no effect on the phagocytic
activity of tissue macrophages including those of
the spleen. Additionally, we do not believe that the
slight decreases in hematocrit and reticuiocyte val-
ves observed in the intermediate dose groups of
WDDD-cxposed mice were biologically meaningful
because they were not seen in mice exposed to
EDDD.

As for the mean corpuscular volume (MCV), while
a significant increase was observed in both the
WDDD and EDDD exposcd mice, we do not believe
it is biologically significant, The low variability asso-
ciated with automatically hematological evaluation
often-produces results that are statistically significan:
but not biologically relevant. This appears to be the
case here. Furthermore, alterations in other hemato-
logical parameters that would be associated with
hematoiogical dysfunction such as Lematocrit and
erythrocyte counts were not obscrved,

In conclusion, our study provided the first report
on the immunomodulatory effects of DDD. Although
no signiticant changes in the acnvities of B cells, NK
cells, macrophages and neutrophils were identified,
this report complemented our first report on the
immunostimulatory effect of DDD extracts on T cells
{1]. Thus, the enhancing effect of DDD exiracts on T

4
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cells most likely contributes to the successtul and
long-time use of this traditiona: herbal medicine n
Thailand. Our findings demcnstrate that A indica
Roxb. can be added to the ever growing list of herbal
medicines that have the potential to enhance immune
Tesponses.
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