IN VITRO EFFECT OF PANAX GINSENG ON
PHYTOHAEMAGGLUTININ-INDUCED LYMPHOCYTE
TRANSFORMATION AND ITS IN VIVO EFFECT

S.K.F. Chong, H.A. Brown, E. Rimmer, V. Oberholzer,

P. Hindocha, J.A. Walker-Smith, L. Carruthers

Academic Department of Child Health, Queen Elizabeth Hospital for
Children, and Department of Child Health, St. Bartholomew’s Hospital, London, ENGLAND

ABSTRACT

The effect of hydrocortisone or Panax gin- -

seng, and/or a combination of hydrocortisone and
Panax ginseng on phytohaemagglutinin (PHA-P)-
induced transformation of peripheral blood
lymphocytes were studied in 4 normal healthy
adult volunteers. Increasing concentrations of
Panax ginseng 0.16-1.60ug/ml caused a dose-
related inhibition of PHA-P transformation of
lymphocytes. A combination of 500ug/ml hydro-
cortisone and 0.80ug/ml Panax ginseng produced
a greater suppression of PHA-P stimulation than
either drug used alone. This suggests that Panax
ginseng has a steroid-like effect in vitro, and may
have a potentiating effect with hydrocortisone on
T-cell mediated immunity. The in vivo effects of
Panax ginseng were further studied in 6 healthy
adult volunteers. PHA-P transformation studies
were performed before and after Panax ginseng
capsules were taken for 2 weeks and at a higher
dosage at 4 weeks. Our results showed that in 3
subjects, there was significant inhibition of PHA-P
transformation at 4 weeks.

INTRODUCTION

Although the root of Panax ginseng has
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long been used in traditional medical practice in
the Far East, the chemical, pharmacological and
biochemical properties of Panax ginseng have
only recently been scientifically studied.!? Two
of the saponin glycosides isolated from the me-
thanol extract of Panax ginseng were found to
have prolonged anti-inflammatory properties
based on albumin stabilising activity, and carra-
geenin oedema testing in intact rats.®* In this
respect, Panax ginseng appears to share some pro-
perties of non-steroidal anti-inflammatory drugs.
Further studies have shown that Panax ginseng
could influence corticosterone secretion via the
pituitary adenocortical axis.** We therefore
comparéd the action of extracts from the ginseng

root with hydrocortisone on the transformation
of human lymphocytes by PHA-P.

METHOD

Venous blood was obtained from four
normal healthy adult subjects. The blood was
separated over Ficoll-Hypaque®, and the cell
suspension washed twice in Hanks’ balanced salt
solution (HBSS, Gibco Europe Ltd). The lympho-
cytes were adjusted to a concentration of 1 x 10°
ml' in RPMI 1640 (Gibco Bio-Cult, Scotland)
containing 10% fetal calf serum, antibiotics,



fungizone and 10mM HEPES (N-2 hydroxy-
piperzine N’-2-ethylenesulphonic acid buffer).

A dose-response curve was established using
several blood samples, and a dose of 100ug ml™?
of PHA-P (Difco Lab Ltd.) was shown con-
sistently to produce maximum stimulation of
lymphocytes. The experiment was performed
with PHA-P alone, or PHA-P in the presence of
different concentrations of the drug solutions of
hydrocortisone and/or Panax ginseng. The con-
centration of Panax ginseng used was calculated
as that plasma concentration obtained in vivo
after taking a “‘usual” dose and assuming a distri-
bution volume of 15% body weight. The peri-
pheral blood lymphocytes were incubated at
87°C for 72 hours and 5uCi of tritiated thymi-
dine (21 Ci/mmol, Amersham, UK) was added to
each culture tube 18 hours before termination.
DNA was extracted and its activity estimated
according to a standard method’ and the results
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expressed as counts per minute per tube of 3H
thymidine uptake.

Standard binding curve using 3H-triamcinalone
(*H-TC on lymphocytes from tonsils.

Tonsil lymphocytes were separated on
isopaque-ficoll, washed in RPMI and resuspended
in RPMI containing 10% FCS. The cells were
incubated in plastic culture flask at 37°C for 45
mins. to remove monocytes then counted.

‘The lymphocytes were washed in RPMI and
resuspended at a concentration 2 x 107 cells/
500u of the cell suspension were added to 100ul .
aliquots of serial dilutions of *H-TC, starting with
Inm of *H-TC.

The cell were votexed gently before in-
cubation at 37°C for 6 hrs. At the end of the
incubation period, 2mls of PBS (4C) was added
to each tube, which were then centrifuged for
10 min. at 1000g. The cells were washed twice
with PBS then resuspended in 1ml of 95% ethanol
plus 0.5ml PBS, before adding 10ml scintillant
and counting on a counter. The optimal dose of
*H-TC was determined from this binding assay.

INHIBITION OF *H-TC BINDING

Various concentrations [up to lmg/ml] of
unlabelled TC, cortisone or fractions of ginseng
were added in equal volumes to tubes contain-
ing 107 lymphocytes, just prior to the addition
of the optimal dose of 3*H-TC. Inhibition of
labelled TC binding was determined by a decrease
of lymphocyte bound counts, as compared with
lymphocytes to which no “inhibitor” was added.

RESULTS

The effects of hydrocortisone on PHA-P
induced transformation of peripheral blood
lymphocytes was initially studied. Lymphocytes
were stimulated with serial dilutions of PHA-P
(1:128 to 1:8). In the presence of increasing con-
centrations of hydrocortisone hemisuccinate
(50-250ug ml™t).
shifted to the right with a decreased maxima, as
described previously by Heilman.® (Fig. 1).

the dose response curve was



However, further incremental doses of hydro-
cortisone did not further inhibit PHA-P trans-
formation.

The experiment was repeated with Panax
ginseng extract at concentration of 0.16 - 1.60ug
ml™? (Fig. 2). A similar dose-related suppression
of the PHA-P transformation of peripheral blood
lymphocytes was obtained.

The effect of a combination hydrocortisone
(500ug ml') and Panax ginseng (0.80ug ml™t)
was compared with Panax ginseng or hydrocor-
tisone alone on PHA-P stimulation of lympho-
cytes (Fig. 3). Hydrocortisone reduced the re-
sponse of the lymphocytes to PHA-P by 44%
at both PHA-P dilutions of 1:64 and 1:32, and
ginseng reduced it by 72% and 64% at the same
respective dilutions. The combination of hydro-
cortisone and Panax ginseng produced a greater
suppression (90%) of PHA-P stimulation of
lymphocytes.

We subsequently showed that the time
course experiment at 48 and 96 hours showed
inhibition of *H thymidine incorporation in the
presence of Panax ginseng or hydrocortisone.

However, the viability of lymphocytes per-
formed on two normal subjects at concentrations
of 0.02ug and 200ug of Panax ginseng extract
was 60% and 90% respectively. This may suggest
that Panax ginseng at high concentrations may
have an adverse effect on lymphocytes.

Binding of *H-TC to 107 lymphocytes was
in theregion of 5% of the total counts added
however addition of excess TC [100 fold]
reduced the *H-TC binding by 60%. Excess
cortisone reduced *H-TC binding by 67% and
excess ginseng by 50%. On repeating the assay on
tonsil derived lymphocytes from another patient,
the degree of *“‘competitive binding” was reduced
using TC, cortisone and ginseng [Table 2].

A spectrum of fractions from ginseng was
analysed. No one fraction showed appreciably
different levels of “cpm. binding” with *H-TC.
The levels of apparent competitive binding
of the ginseng fractions were increased drama-
tically by increasing the concentrations of the
fraction. At 1mg/ml of ginseng fraction RE,
RG, RF, the 3H-TC binding was decreased by
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72%. However, it must be stressed that the
fall in *H-TC was due to the ginseng lysing the
lymphocytes.

TC at a concentration of 5u/ml caused re-



Table 1. Inhibition of ’H thymidine incorporation inte normal lymphocytes in the presence of Panax ginseng or hvdrocortisone succi-

nate after 48 h of incubation with PHA-P

Healty donors

Lymphocyte thymidine uptake in presence of

Lymphocyie thymidine uptake in presence of

No.
10% FCS 10% FCS + panax index of 10% FCS + hydrocortisone index of
ginseng, 1.0 ug inhibition 125 pg inhibition
1 13,362 (458) 1,127 (153) 0.92 330(88) 0.97
2 14,412 (149) 208 (158) 0.98 255 (168) 0.98
3 21,018 (255) 390 (268) 0.97 210(162) 0.99
4 27,009 (259) 178 (178) 1.0 135 (155) 1.0

Figures in parentheses represent unstimulated values.

Table 2. Inhibition of *H thymidine incorporation into normal lymphocytes in the presence of Panax ginseng and hydrocortisone suc-

cinate after 96 h of incubation with PHA-P

Healty donors

Lymphocyte thymidine uptake in presence of

Lymphocyte thymidine uptake in presence of

No.
10% FCS 10% FCS + panax index of 10% FCS + hydrocortisone index of
ginseng, 1.0 ug inhibition 125 ug inhibition
1 24,618 (471) 472(244) 0.98 137 (90) 0.99
2 35,718 (696) 425(369) 0.99 162 (97) 0.99
3 26,119 (289) 1547 (552) 0.94 290 (144) 0.99
4 44,057 (593) 566 (371) 0.99 1511 (313) 0.97

Figures in parentheses represent unstimulated values.

duced viability whilst a 10 fold increase in this
concentration was required to produce the same
degree of cell death using ginseng i.e. 50ug/ml.
At 250ug/ml, fraction RE, RG, RF caused a
95% fall in viability [Table I],

Commercial ginseng capsules caused equivalent
reductions in TC binding.

DISCUSSION

The in vivo effects of Panax ginseng capsules
were assessed in five healthy volunteers who took
2 capsules daily for two weeks, and subsequently
2 capsules twice a day for a further two weeks.
After the first two weeks, 2 of the 5 volunteers
showed significant inhibition of PHA-P stimulated
transformation at 35% and 42%. After 4 weeks,
only 3.of the volunteers were taking the ginseng
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capsules. All 3 volunteers showed significant in-
hibition at 44%, 55% and 59%. The n vivo
results, although performed in a few subjects do
confirm our in vitro studies. However, a larger
number of subjects should be studied.

The results of these experiments have dis-
played a marked competition of cortisone for the
triamcinalone binding site, suggesting that there
exists a common steroid receptor. Initial experi-
ments showed ginseng to act as an apparant
“competitive  inhibitor” of steroid binding
however the higher concentrations of ginseng
required to increase the inhibition of steroid
binding, have clearly been shown to cause lym-
phocyte mortality. It seemed most likely that
the apparent competitive inhibition produced by
ginseng is merely a reflection of cell viability.
The extent of cell damage by these levels of gin-
seng is remarkable in the light that ginseng is
generally considered as harmless.



I.P. Lee: You used 50ug deranging to 250ug/ml.

In that ml, how many cells were present?

Chong: The cell concentration was 1-2 x 10° /ml.
I.P. Lee: Physiologically I'm wondering whether

the amount of ginseng we take actually reach
that kind of concentration in our blood
volume, because in-vitro study like this one and
the one that I presented awhile ago shows
citotoxicity at certain concentration beyond,
say, 0.04gm per 10® cells. That amount is a
horrendous amount of ginseng. So that, essenti-
ally, you don’t reach that kind of concentra-
tion at per ml basis.

Chong: Sure, but the point that should be stress-

ed is that the concentration of ginseng which
I used was based on a pharmacological dose
which was suggested by the Office of Mono-
poly here and Pharmacon Company, Lugano.
Now we worked out that the concentration of
ginseng that I added was in fact a minuscule
amount compared to what is actually swallow-
ed. The concentrations of ginseng that were
used were about 0.8 to 1.60ug/ml. That is a
very tiny amount of ginseng and it showed
inhibition on PHA-transformation. It is a crude
test for lymphocyte but a pretty effective test
used worldwide by immunologists. Now I
agree with you that perhaps the number of
peripheral lymphocytes that were extracted
was small, but that is the usual amount of
peripheral lymphocyte which most immuno-
logists would actually accept as an acceptable
range.

LP. Lee: That is true. Though in-vive situation,
the lymphocyte concentration is not in the
10% /ml level. It is rather scarce and there are
a lot of other cells that can sink the binding of
your fractions. So I think you can dilute out
the concentration of ginseng. The second
question is that you had thymidine incorpora-
tion studies to look at the lymphocyte trans-
formation. I'm just wondering whether you
have looked at the thymidine kinase activity
or the free thymidine pool within the cell
possibly altered by ginseng itself or by the
hydrocortisone. Becauase that would in tum
affect actual thymidine incorporation into the
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DNA. If this mechanism is either by the
thymidine kinase alterationor because of the
membrane or pool size is altered by the trans-
port of neucleotides, that can also affect DNA
synthesis. So 1 was wonderingn whether you
have corrected that parameter to interprete
correctly.

Chong: Yes, I think that’s a point. That experi-

ment which I described is a standard experi-
ment which is performed to assess any im-
munosuppressive drug or any drug that we
want to look at to see whether it is but im-
munological properties. As far as I know it is
a non-specific test, but it does show that it
has an effect in-vitro on peripheral lympho-
cyte. Just one point you made about whether
that really applies in-vivo. I took the precau-
tion of actually doing that same experiment
M-vivo. those 5 volunteers to
swallow Panax ginseng over a period of a
month. We found that it also causes an inhi-
bition of peripheral blood lymphocyte in-vivo
experiments. Although we had 5 volunteers,
only 3 of them actually worked. So I don’t
think that is significant to make a major state-
ment n-vwo, so I'm refraining from saying that

We've got

it is cytotoxic in-vivo. I agree with you, but I
think further experiment should be done in-vivo.

F.J. Lee: I agree with Dr. Lee who just mentioned

about the cytotoxicity. You mentioned that at
the 250ug/ml level of ginsenoside, there was
cell death. I don’t think that is a suprise at all,
because 250ug/ml of any individual ginseno-
side would be equivalent to a humongous
amount of ginseng itself. So I think it is a kind
of anticipated result.

Chong: Yes, I accept that because what we used

were saponin fractions. Although we've only
showed rather high concentrations, what
I’m saying is that perhaps at lower concentra-
tions, say, from about 125ug/ml of the extract
going up to about 250ug to 1lmg of the active
components, there is a range of effect which
I see ranging from immunosuppressive to cyto-
toxic. I don’t really know what that means.
I don’t think anybody knows at the present
point of time whether it is due to membrane



effect or cytotoxic effect or whether it actually
is an effect on nucleus. I think one have to
carry out further experiment on individual cell
itself before he can actually say or reach a
conclusion.

F.J. Lee: Just one more comment is that anything
can be cytotoxic at an extremely high concen-
tration.

Chong: Yes, I agree.

Fulder: 1 want to suggest that in doses about
0.8ug/ml, you got guite a severe reduction in
lymphocyte transformation. You were already
seeing an inhibition of cell multiplication
which is actually nothing to do with PHA-
inhibition but direct effect on the cells. Is that
possible?

Chong: Yes, 1 think that is possible. It is ex-
tremely difficult to dissect out cytotoxicity
from immunosuppression. It could just be that
the effect, the so called steroid-like effect that
I showed in my initial experiment were indeed
due to the reduced cell viability. I accept that.

Fulder: There is a confusion in the published
work done on this question of steroid. We
found that, in fact, feeding ginseng saponin
to rats produced increased sensitivity or bind-
ing of steroid to cell nuclei in brain cells. In
this case you were getting an additive effect,
you were getting more steroid rather than
competitive effect. There is a paper in Australia
indicating that you do get competition with
ginseng and various steroids. We are dealing
with saponin. We are dealing with surface
active materials which can easily affect me-
mbrane fluidity, membrane structure. You
could use small doses and just look at the
steroid actually getting into cells, which were
more meaningful perhaps than doing competi-
tive studies with large doses of saponin.

Chong: Could 1 clarify just one thing? I did not
do toxicity test on Panax ginseng. What 1 was
interested in was the therapeutic potential. of
using ginseng in clinical medicine. That’s what
we’re all interested in. I’m not saying that it
is clinically toxic. No, that’s not what I meant
to say. What I'm tring to say or pointing out
to everyone here is that there maybe a possi-
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bility that ginseng could have antimitotic
effect. 1 mean, the point was raised very
eloquently by Dr. Lee saying that it could
actually be wuseful in treating skin tumors.
That might just be possible. If one could show
that it is antimitotic, it could perhaps possi-
bility be used in cancer theraphy. I mean we
ought to consider that as a possibility. But I'm
not saying that it is n-viwo toxic. I haven’t
done any toxicity experiment and I don’t claim
to have done so.

Fulder: You made a conclusion or statement on

the basis of data that ginseng may have im-
munosuppressive effect. This is in contrast to
other reports which indicate immunostimula-
tive effect. My understanding on lymphocyte
transformation is rather changeable. If you
take a cup of coffee or have a cold, it will
change according to all sorts of conditions
m-vive. So, do you really feel this is meaningful
as in an in-vivo study, actually draw the con-
clusion of immunosuppression from the in-vivo
study you’ve done?

Chong: Yes, let me comment on that. I think you

are absolutely right if you are talking about an
in-vivo system. It is a very crude test. No, even
m-vitro, many people wculd consider that it
would be a crude test. But the important point
to realize is that it consistantly showed an
inhibition on stimulation test that we did on
our system. It does’nt conclusively say that it is
immunosuppressive but it shows that there is
a trend to immunosuppression. That is all
that we are trying to point out.
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