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Abstract Splenic lymphocytes play an important role in
host acute or chronic diseases. The abnormality of these
cells in the spleens of humans might lead to some riskful
diseases for human. Hence, in this study, the effects of two
ginsenosides Rg; and Rb; on splenic lymphocytes growth
were studied by microcalorimetry. Some qualitative and
quantitative information, such as the metabolic power-time
curves, growth rate constant k, maximum heat-output
power of the exponential phase P,,,«, total heat output O, of
splenic lymphocytes were obtained to present the effects of
Rg; and Rb; on these cells. The values of k, P,.x, and O
from the thermogenic growth curves of splenic lympho-
cytes were found to increase in the presence of Rg;, while
the change was adverse for Rby, illustrating that Rg; had
promotion effect and Rb; had inhibitory effect on splenic
lymphocytes growth and these promotion or inhibitory
effects were enhanced with increasing the concentration of
the two compounds, respectively. The microcalorimetric
results were confirmed by MTT assay for determining the
MTT optical density (OD) value and [*H] Thymidine
incorporation assay ([°’H]-TdR) for determining the count
per minute (cpm) value: Rg; could increase the MTT OD
value and the cpm value of [*H]-TdR incorporation into
splenic lymphocytes, and these values were increased with
increasing the concentration of this compound, while Rb;
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had the adverse results. The structure—activity relationships
showed that the glucopyranoside and hydroxyl groups at
the dammarane-type mother nucleus skeleton might play a
crucial role for the opposing effects of the two ginsenosides
on splenic lymphocytes. Compared with the other two
assay methods, the microcalorimetric method provided
more useful and reliable information for quickly and
objectively evaluating the effects of drugs or compounds
on the living cells, which would be a highly promising
analytical tool for the characterization of the biological
process and the estimation of the drugs’ efficiency.
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Introduction

Gingseng, frequently used as a crude substance, is taken
orally in Asian countries as a traditional medicine for
thousands of years. Named by the botanist Carl Meyer, the
genus Panax derives its name from the Greek pan (all) and
akos (healing). As a commonly used nutraceutical, Ginseng
is a key component in traditional Chinese medicine and is
also one of the most extensively used products in the West.
The most important bioactive components contained in
Ginseng are ginsenosides (triterpenic dammaranic sapo-
nins). The two major groups of ginsenosides are Rg and
Rb, which have 20(S)-protopanaxadiol and 20(S)-proto-
panaxatriol, respectively, as the sapogenines, which con-
tain an aglycone with a dammarane skeleton and have been
reported to regulate a variety of physiological processes.
The pharmacological effects were totally different
according to different kinds of ginsenosides [1-3].
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Interestingly, the ginsenosides of groups Rb and Rg have
some opposing pharmacological properties [4]. For exam-
ple, Rg; played dominant role in angiogenesis while Rb;
showed inhibited effect in the earliest step of angiogenesis
[5]. However, the effects of ginsenosides Rg; and Rb; on
the growth of mice splenic lymphocytes have not, so far,
been reported (Fig. 1).

Splenic lymphocytes are the important cells of immu-
nologic system and play a significant role in host acute or
chronic diseases. As the first step for T cell activation,
splenic lymphocytes should be proliferated or decreased
influenced by different factors [6, 7]. Within the cell
growth, the various metabolic events are all heat-producing
reactions. Microcalorimetry provides a useful analytical
tool for the characterization of cell growth progress, which
has been used extensively to investigate the state of inter-
action between drug and cell with much useful information
to be furnished [8—14]. Thus, by monitoring the heat effect
with a sufficiently sensitive microcalorimeter, the meta-
bolic processes of living cells can be studied by a direct
method. Microcalorimetry can directly determine the bio-
logical activity of a living system and provide a continuous
measurement of the heat production, thereby giving much
useful information in both qualitative and quantitative
ways [15, 16]. Each type of cell has a unique heat power
versus time trace, as reported by the microcalorimeter,
under a defined set of growth conditions. Any substance
that can modify the metabolic growth progresses involved
in cell will change the characterization of curves, not only
thermodynamic but also kinetic information can be
obtained. By analyzing the information, the activity and
potency of drugs on cell growth can be compared.

The use of microcalorimetry to monitor cell metabolic
activity in vitro has been well established. During the past
decade, microcalorimetry has been applied to study the
effect of active components in Chinese medicine on
microorganisms [17], mitochondria [18], cultured tissue
cells [19], and cultured tissue cells infected by virus [15].

In this article, the curves produced by mice splenic
lymphocytes under the action of two ginsenosides Rg; and
Rb; at different concentrations were determined by mic-
rocalorimetry. From the power-time curves of these cells,
growth rate constant k, maximum heat-output power of the
exponential phase Py, total heat output Q, were obtained

Fig. 1 Chemical structure of
the two ginsenosides
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to present the effects of Rg; and Rb; on these cells.
Meanwhile, MTT assay for determining the MTT optical
density (OD) value and [*H] Thymidine incorporation
assay ([°’H]-TdR) for determining the count per minute
(cpm) value were employed to confirm these effects of
ginsenosides Rg; and Rb; on the growth of mice splenic
lymphocytes. The experiments showed that the ginseno-
sides had opposing effects on mice splenic lymphocytes
and these effects from the three assay methods were
consistent.

Materials and methods
Instruments

The 3114/3236 TAM air bioactivity monitor (Thermo-
metric AB, Sweden), an 8-channel heat conduction calo-
rimeter for heat flow measurements in the milliwatt range
under isothermal conditions, was held together in a single
removable block. This block was placed in an air ther-
mostat, which kept the temperature within 0.02 °C. All
calorimetric channels were of twin type, consisting of a
sample and a reference vessel. Each vessel was connected
to the surrounding heat sink by a Peltier module, and when
heat was produced or consumed due to any process, the
temperature of the sample vessel was to be changed. The
temperature of the surrounding was constant, and thus a
temperature gradient across the Peltier module was devel-
oped. This would generate a measurable voltage, and the
voltage was proportional to the heat flow across the Peltier
module and to the rate of the processes taking place in the
sample vessel. Such voltage signal was recorded continu-
ously and in real-time through an 8-channel data logger.
The software supplied to bioactivity monitor which was
used to monitor the baseline drift was less than 20 pW over
24 h.

A microplate Reader (Synergy2 Multi-Mode Microplate
Reader, BioTek, USA) was used to determine the optical
density (OD) value and a liquid scintillation counter
(MicroBetu Trilux 1450 type, Perkin Elmer, USA) was
used to detect the cpm value of mice splenic lymphocytes
cultured with RPMI-1640 medium solution including Rg;
and Rb,, respectively, at different concentration.

Ginsenosides R1 R2 R3
Rg; -OH -0-Glc -0-Glc
Rb; -0-Glc-Glc -H -0-Glc-Glc
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Animals

Balb/c mice, Specific pathogen Free (SPF) grade, male,
weighing from 20 to 22 g were provided by Animal Center
of National Institute for the Control of Pharmaceutical and
Biological Products (certificate No: SCXK11-00-0010). All
animals were kept under the same laboratory conditions of
temperature from 20 to 22 °C and were given access to
standard laboratory chow and tap water. The procedures
involving animals and their care conform to the Guiding
Principles for the Care and Use of Laboratory Animals of
China.

Materials

Ginsenosides Rg; and Rb; were purchased from National
Institute for the Control of Pharmaceutical and Biological
Products, the purities of which were more than 98% by
HPLC analysis. RPMI-1640 culture medium and fetal serum
were purchased from Gibico Company, USA. 96-well plates
and MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide) were purchased from Sigma Company,
USA.

Methods
Preparation of mice splenic lymphocytes

BALB/c mice, approximately 8 weeks old, were sacrificed
by cervical dislocation, and spleens were removed asepti-
cally. Spleens were placed in cold Hanks solution and
teased apart with a pair of forceps and a needle. A single
cell suspension from the teased tissue was obtained by
passing it through a 200-mesh by the buffer solution con-
taining 1 mmol L~! Tris—-HCI and 1% NH,CI (PH 7.2).
Cells were washed twice with RPMI-1640 medium and
subsequently suspended in complete RPMI-1640 culture
medium. Cell number and viability were determined by
Trypan blue dye exclusion.

Microcalorimetric assay

At the beginning of the experiments, mice splenic lym-
phocytes (5 x 10° mL™") were prepared and transferred
into each ampoule at the same volume. The fresh prepared
Rg; and Rb; solutions (medium as solvent) of different
concentrations were added into the cell suspension. The
microcalorimeter was thermostated at 37 °C, and the
ampoule method was adopted in the study. Ampoules, fil-
led with ginsenosides and cell suspension, were sealed with
wax and put into the 8-channel calorimeter block. All
procedures were completely sterilized. After about 30 min

(the temperature of ampoules reached 37 °C), the ther-
mogenic curves of splenic lymphocytes were recorded until
they returned to the baseline. All data were collected
continuously by using the dedicated software package.

MTT assay

The splenic lymphocytes were set up in 96-well plates
(5 x 10° mL™") and incubated in the freshly prepared Rg;
and Rb; solutions (medium as solvent) of different con-
centrations, respectively. After the cells were cultured at
37 °C in a humidified atmosphere containing 5% CO, for
48 h with triplicates, 10 pL. MTT was added to every well
and continued to culture for 6 h. Another 100 pL hydro-
chloric acid isopropanol solution was added to the wells
after the supernatant of cell culture medium was discarded.
The MTT optical density (OD) value of splenic lympho-
cytes suspension coexisted with one of the two ginseno-
sides was determined by the Microplate Reader.

[*H]-TdR assay

The splenic lymphocytes were set up in 96-well plates
(5 x 10° mL™") and incubated in the freshly prepared
ginsenoside Rg; and Rb; solutions (medium as solvent) in
different concentrations, respectively. After the cells were
cultured at 37 °C in a humidified atmosphere containing
5% CO, for 48 h with triplicates, 10 pCi mL~" [*H],
20 pL. was added in 96-well plates splenic lymphocytes.
16 h later, the cpm value of [H]-TdR of splenic lympho-
cytes suspension coexisted with one of the two ginseno-
sides was detected by the liquid scintillation counter.

Results
Power—time curves of splenic lymphocytes growth

The thermogenic power—time curve of splenic lymphocytes
growth without any substance monitored by the microcal-
orimeter at 37 °C was shown in Fig. 2. It was the metabolic
profile of splenic lymphocytes without ginsenosides moni-
tored by the microcalorimeter at 37 °C and could be divided
into three stages: stage I, II, and III. Stage I is a balance
phase of the instrument, stage II is the quick exponential
growth phase, and stage III is a decline phase of splenic
lymphocytes. The exponential metabolism model of splenic
lymphocytes could be used in the growth processes:

Ln P, =kt +LnPy, (1)

where Py represents the heat-output power at the beginning
and P, represents that at time t. According to Eq. 1, growth
rate constant k of splenic lymphocytes can be obtained by
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Fig. 2 The power—time curve of splenic lymphocytes growth at
37 °C without any substance

fitting Ln P, and ¢ to a linear equation. The values of k with
the corresponding RSD of 1.30% were shown in Table 1,
which indicated a good reproducibility of the experiments.

The corresponding thermogenic power—time (P—f) curves
of splenic lymphocytes growth with the two ginsenosides
were monitored by microcalorimetry and shown in Fig. 3. As
could be seen from the profiles of these curves, the growth of
splenic lymphocytes was influenced by the two ginsenosides.

Quantitative thermokinetic parameters of splenic
lymphocytes growth

As shown in Fig. 3, there was a characteristic peak of the
thermogenic curves. Comparison to control (without gin-
senosides), the peak heights of splenic lymphocytes growth
raised with increasing the concentration of Rg;, while they
were lowered with increasing the concentration of Rby,
which could also be presented from the change of the
values of the maximum heat-output power P, listed in
Table 2, illustrating that Rg; promoted the growth of
splenic lymphocytes while Rb; inhibited the growth of
splenic lymphocytes.

Table 2 showed that the k values of splenic lymphocytes
growth in the exponential phase were increased with
increasing the concentration of Rg; while were decreased
with increasing the concentration of Rb;. The relationships
between k and ¢ were:

For Rg;: k = 0.00312¢ + 0.19592,
For Rb;: k = —0.0032¢ + 0.16416,

R = 0.9593
R = —0.9557

The high R values of greater than 0.9550 also showed
the promotion effect of Rg; and inhibitory effect of Rb;.
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Fig. 3 The power—time curves of splenic lymphocytes growth at
37 °C affected by different concentrations of a Rg; and b Rb,

Based on the different effects of Rg; and Rb; on splenic
lymphocytes growth, the promotion ratio (R,, %) for Rg;
and the inhibitory ratio (R;, %) for Rb, could be calculated
based on k. They could be defined as:

RP(%) = (kL — ko)/k() x 100% and
R,(%) = (k(] — kc)/k() x 100%

where kq, was the growth rate constant of splenic lympho-
cytes without ginsenoside (the control), k. was the growth
rate constant in the exponential phase of splenic lympho-
cytes promoted or inhibited at promoter or inhibitor con-
centration c. Both of R, and R; values were increased with
increasing the concentration of Rg; and Rby, further illus-
trating the strong promotion effect of Rgjand inhibitory
effect of Rb,. Then, the relationships between the total heat
output Q, in the whole course of splenic lymphocytes growth
were obtained and shown in Fig. 4. The values of Q, were
increased for Rg; and decreased for Rb; with increasing the
concentration of the two ginsenosides. These all illustrated
that the Rg; had strong promotion effect and Rb; had strong
inhibitory effect on splenic lymphocytes growth.

Table 1 Growth rate constant k of splenic lymphocytes cultured in 1,640 culture medium and monitored by the microcalorimeter at 37 °C

Experiment No. 1 2 3

4 5 6 RSD* %

k/min~! 0.17945 0.18359

0.18204

0.18379 0.18391 0.18666 1.30
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Table 2 Thermokinetic parameters for splenic lymphocytes growth affected by Rg; and Rb, of different concentrations

Compound c/ug mL~! k/min~! P P ax/mW tmax/MiN o/l Ry/% Ri/%
Control 0 0.18359 0.8620 0.158 70.7 1.76 0 0
Rg, 0.625 0.19336 0.8768 0.174 69.0 1.88 5.32 -
1.25 0.20287 0.8813 0.185 64.0 1.97 10.50 -
25 0.21080 0.9134 0.196 70.0 2.72 14.82 -
5 0.21937 0.9186 0.214 67.0 2.73 19.49 -
10 0.23112 0.8914 0.222 61.7 3.11 25.89 -
15 0.24164 0.8905 0.232 67.3 3.46 31.62 -
20 0.25418 09112 0.254 73.7 3.57 38.45 -
Rb, 0.625 0.16598 0.8952 0.152 66.7 1.54 - 9.59
1.25 0.15820 0.8956 1.146 69.3 1.39 - 13.83
2.5 0.14678 0.9386 0.138 66.3 1.21 - 20.05
5 0.13441 0.8921 0.132 69.3 0.96 - 26.79
10 0.12517 0.8827 0.121 68.0 0.89 - 31.82
15 0.11911 0.8801 0.110 69.3 0.81 - 35.12
20 0.10610 0.9339 0.088 69.3 0.70 - 42.21
36] -=Rg, (a)08 [10Dg;, —+—Rp .. [45
~o— Rb, 0.6 —
o 2
3.0 A 5 =
8-o 0.4 s
o 24 0.2
3 0
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Confirmation results of MTT assay

As confirmation of the microcalorimetric results, the MTT
assay was used to evaluate the effects of Rg; and Rb; on
MTT OD values of splenic lymphocytes. Figure 5a showed
that low concentration (0.625 pg mL™') of Rg; could
increase the MTT OD value of splenic lymphocytes and
these values were increased with increasing the concen-
tration of this ginsenoside, while Fig. 5b showed that low
concentration (0.625 pg mL_l) of Rb; could decrease the
MTT OD value of splenic lymphocytes and these values
were decreased with the increase of the concentration of
Rb;. The corresponding Ry, (%) for Rg; and R; (%) for Rb,
was defined as:

Ry(%) = (OD, — ODy)/ODy x 100% and
Ri(%) = (ODy — OD,) /0Dy x 100%.

The values of R, and R; in Fig. 5 were both almost linearly
increased with the increase of concentration of the two

clug mL™!

Fig. 5 Effect of a Rg, and b Rb; on MTT OD values of splenic
lymphocytes. Compared with normal cells, ** P < 0.01

ginsenoside, illustrating the promotion effect of Rg; and
inhibitory effect of Rb; on splenic lymphocytes.

Confirmation results of [3H]-TdR assay

As another confirmation of the microcalorimetric results,
the [°H]-TdR assay was used to study the effect of Rg; and
Rb, on [PH]-TdR incorporation into splenic lymphocytes.
Similarly to the above results, Fig. 6a showed that low
concentration (0.625 pg mL™") of Rg; could increase the
cpm value of [PH]-TdR incorporation into splenic lym-
phocytes and these values were increased with increasing
the concentration of this ginsenoside, while Fig. 6b showed
that low concentration (0.625 pg mL™") of Rb; could
decrease the cpm values of [°’H]-TdR incorporation into
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Fig. 6 Effect of a Rg, and b Rb; on [*H]-TdR incorporation into
splenic lymphocytes. Compared with normal cells, ** P < 0.01

splenic lymphocytes and these values were decreased with
the increase of the concentration of Rb,. The corresponding
R, (%) for Rg; and R; (%) for Rb; were defined as:

R,(%) = (cpm, — cpmy)/cpm,, x 100% and
Ri(%) = (cpm, — cpm,)/cpm, x 100%

The values of R, and R; in Fig. 6 were both almost
linearly increased with the increase of concentration of the
two ginsenosides, also showing the promotion effect of Rg;
and inhibitory effect of Rb; on splenic lymphocytes.

Structure—activity relationship

The biological activity of a particular substance depends on
a complex sum of individual properties including com-
pound structure, affinity for the target site, and survival in
the medium of application. The ways in which Rg; and Rb,
react with splenic lymphocytes vary due to the difference
in their structures. Analysis of the two compounds may
provide some explanation for the structure—activity rela-
tionships. Rg; and Rb; both belong to dammarane-type
tetracyclic triterpenoid saponins, but with different sapo-
genins and substituent groups on the mother nucleus
skeleton. Rg; has the 20(S)-protopanaxtriol type structure
and Rb; has the 20(S)-protopanaxdiol type structure. The
substitute groups of glucopyranoside and hydroxyl on C-3,
C-6, and C-20 result in their different polarity. Rg; with
less numbers of glucopyranoside and hydroxyl has poorer
polarity and water-solubility than Rb;, which results in the
poorer affinity to lymphocytes of Rg; than that of Rb;. It
has been reported that Rg; could promote the expression of
IL-2R and diminish the production and release of Sil-2R of

@ Springer

cell membrane, also could improve the level of cyclic
nucleotides of mice splenic lymphocytes, which might be
the reason for the promotion effect of Rg; on splenic
lymphocytes proliferation [20]. While Rb; with high
affinity for the cells could more easily penetrate the cell
membrane of splenic lymphocytes, which changes cell
membrane permeability and inhibits Na* channel activity
[21], further disrupts transport of nutrients and waste across
the membrane. Therefore, the proliferation of cells is
unable to occur and the growth of these cells is inhibited.
The extensional mechanism of action of Rg; and Rb; on
splenic lymphocytes needs further study. All these illus-
trated that Rb; with more glucopyranoside and hydroxyl
groups has stronger inhibitory effect than Rg;. It could be
concluded that the glucopyranoside and hydroxyl groups at
the dammarane-type mother nucleus skeleton of ginseno-
sides were important to the activities of the compounds on
splenic lymphocytes.

Discussion

Bioassay study is important and necessary in the activity
evaluation of drugs and other compounds and is useful for
the development of bioactivity test systems [22-25]. New
methods and approaches are in need for this assay and this
test systems. In this article, we proposed a new microca-
lorimetric method to detect the bioactivity of ginsenosides
Rg; and Rb; on mice splenic lymphocytes. Then, the
commonly used MTT and [*H]-TdR assay methods were
used to confirm the results of microcalorimetric assay.
Compared with the two conventional methods, microcal-
orimetry not only offers a new way for evaluating the
bioactivity of drugs, but also provides more information on
living cells growth. As an essential feature of microcal-
orimetry, it is based on the universal heat exchange
involved in all biochemical reactions. Especially, it can
supply thermogram as a profile detected to describe the
bioactivity of drug. By using it, the energy changes of the
growing periods of mice splenic lymphocytes, which rep-
resent the regularity of cells growth, can be distinguished
by the heat production profile because the values of Py, k,
and Q; can be determined simultaneously from the ther-
mogenic profile of cells. Therefore, the metabolic process
of cells can be described dynamically and precisely.

By analyzing the qualitative and quantitative informa-
tion from the microcalorimetric assay, such as the power—
time curves, Py.x, k, and Qy, it could be concluded that Rg;
could promote the growth of mice splenic lymphocytes
while Rb; inhibited their growth. These promotion and
inhibitory effects were enhanced with increasing the con-
centration of the two ginsenosides. These consistent results
were also obtained from the MTT and [°H]-TdR assay: the
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MTT OD values of splenic lymphocytes with Rg; and the
corresponding R, were increased, while they were
decreased and the corresponding R; were increased; the
cpm values of [°’H]-TdR incorporation into splenic lym-
phocytes could be increased by Rg; while they were
decreased by Rb;. All these above-mentioned results
showed that the two ginsenosides from Ginseng may
modulate mice splenic lymphocytes proliferation in a dif-
ferent manner: Rg; could promote the proliferation of
splenic lymphocytes and Rb; could block the proliferation
of them. The opposing effects of Rg; and Rb; on mice
splenic lymphocytes might be related with their molecular
structures. The future work should be focused on study of
the effects of more ginsenosides on splenic lymphocytes
and other living systems to elucidate the concrete and
detailed mechanism of action.

This study indicated the potential applicability and
development prospect of microcalorimetry for determining
the influence of drugs and other compounds on living cells.
This method approximates more closely to the in vivo state
and may reveal more and newer details about the metab-
olism than the existing methods, such as MTT assay and
[H]-TdR assay, do. Through microcalorimetry, some
thermodynamic and kinetic information of biological
specimens can be obtained, and all of these are very
important to understand biological progresses.
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