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Background. Andrographis paniculata (AP) has been used in Thai traditional medicine to treat various infections, including the
common cold and fever. Its bioactive compound, andrographolide, has shown antiplatelet activities in an in vitro study model.
Since clinical studies of the effects of AP on the human platelet function have never been reported, we investigated its effect on
platelet activity in ten healthy volunteers.Methods. Two grams of AP was taken 3 times within one day. The blood was withdrawn
by venipuncture before and 2 and 24 hours after the AP administration to analyze the effects of AP on platelet aggregation, the
expression of enzyme cyclooxygenase (COX) mRNA and protein, and TXB

2
, including P-selectin. Result. Even though there was

no significant change in the studied parameters, this study exhibited patient-to-patient variability in platelet function. It was found
that ADP-induced platelet aggregation tended to decrease after AP administration, while epinephrine-induced platelet aggregation
in females tended to be higher than that inmales for the entire study period.Moreover, COX-1mRNA levels tended to decreasewhile
P-selectin levels tended to rise after AP administration.Conclusion.These controversial results are possibly due to themultifactorial
mechanisms of platelet aggregation as well as the multichemical composition of AP. Further study, probably at the molecular level,
is needed to unveil the underlying mechanisms of action of AP.

1. Introduction

Andrographis paniculata (Burm. F.) Wall. ex. Nees has long
been used to relieve sore throats, common cold, and fever
in Asia and Scandinavia [1]. A. paniculata is well known
as Fa-Tha-Lai Chon in Thailand. It was included in the
National List of Essential Medicines 2013 as a relief for the
symptoms of the common cold and noninfectious diarrhea
[2]. The active compounds of A. paniculata have exhibited
therapeutic effects in many clinical and experimental studies
[3]. Andrographolide is one of themajor active compounds of
A. paniculata., playing an important role in the inflammatory
process and cyclooxygenase (COX) enzyme expression [4, 5].
Moreover, some in vitro studies have shown that andro-
grapholide inhibited platelet-activating-factor (PAF) induced

platelet aggregation in humans [6] and thrombin-induced
platelet aggregation in rats [7]. Platelets are essential for
primary hemostasis, and they also have an important proin-
flammatory role.The activation of andrographolide may lead
to the exposure of many adhesive molecules and inflam-
matory cytokines [8]. If A. paniculata exhibits antiplatelet
effects, it may possibly be harmful to the physiological
condition of hemostasis. However, there are still no clinical
studies on the effects of A. paniculata on human platelet
aggregation.This preliminary study is planned to evaluate the
effects of A. paniculata on platelet activity, in particular, on
platelet aggregation induced by a panel of agonists in healthy
volunteers. The levels of COX production, TXB

2
(a stable

metabolite of TXA
2
), and P-selectin in aggregated platelets

of the subjects taking A. paniculata were also evaluated.
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2. Materials and Methods

2.1. Chemicals and Study Drugs. Vacutainer citrate tubes
were purchased from BD (New Jersey, USA). High-quality
grades of chemicals and reagents were purchased from Sigma
(USA and Germany), Merck (Darmstadt, Germany), Bio-
Rad (Germany), Cayman (USA), and GE Healthcare (USA).
A. paniculata (AP) 500mg capsules were obtained from the
ManufacturingUnit ofHerbalMedicines and Products,man-
ufactured under GMP by AyurvedThamrong School, Center
of Applied Thai Traditional Medicine (CATTM), Faculty of
Medicine, Siriraj Hospital, Mahidol University,Thailand.The
powders contained 3% andrographolide (unpublished data
from the unit of AP preparation). Therefore, one capsule of
AP contained about 15mg of andrographolide.

2.2. Subject Design. The study protocol and related materials
were reviewed and approved by the Siriraj Institutional
Review Board (SIRB) of the Faculty of Medicine, Siriraj
Hospital, Mahidol University, Thailand. The approval (COA
no Si 219/2014) included SIRB submission form, participant
information sheet, informed consent form, case record form,
advertisement for recruitment, and curriculum vitae. The
10 enrolled subjects comprised 5 males and 5 females, aged
between 25 and 60 years.Theywere assessed as healthy, based
on their medical history, a physical examination, clinical
chemistry, and hematologic screening. A urine pregnancy
test was performed on the female volunteers. All subjects
were instructed to abstain from using any drugs that are
known to affect platelet aggregation for at least 2 weeks
before the study. They were also instructed to abstain from
alcohol and cigarettes during the study. All participants
provided verbal andwritten informed consent. In accordance
with the National List Essential Medicines in Thailand [2]
the participants received 3 × 2 g capsules of A. paniculata
after meals within 1 day (a total of 6 g in the day). A
pharmacokinetic study after the oral administration of 60mg
of andrographolide revealed that a maximum plasma level
of approximately 1.9 𝜇M was achieved at 1.5-2 hours [9].
This level has been found to be enough to reveal some
anti-PAF effects [6, 9]. To study the platelet aggregation,
blood was therefore taken in the morning of the day of AP
administration before the AP was dispensed (i.e., 0 hours)
and then 2 and 24 hours after its administration.

2.3. Platelet Aggregation Assay. Citrated whole blood was
centrifuged at 250 g for 10min at room temperature to
prepare platelet-rich plasma (PRP). Some PRP was further
centrifuged at 4500 g for 2min at room temperature to
prepare platelet-free plasma (PFP) to set as a blank. Platelet
aggregation was determined using light transmission (LTA)
and Born’s technique [10] in an aggregometer (AggRAM,
Helena, USA). Since adjustment of PRP for platelet count
does not provide any advantage [11] the extent of platelet
aggregation using LTA was not significantly affected by
platelet counts in the range 150–750 × 109/L [12]; therefore
time-consuming process of platelet count adjustment is not
necessary unless outside of the range.

Epinephrine (Epi), adenosine diphosphate (ADP), and
collagen (col) were used as a panel of platelet agonists.
Briefly, PRP was incubated at 37∘C for about 3min before
adding an agonist while stirring at 600 rpm. The reaction
was allowed to proceed for 5min. Then, the activated PRP
was immediately placed in an icebox for further study of, for
example, the expression of COX-1 mRNA including protein
using platelet pellets and the levels of TXB

2
and P-selectin

using supernatant plasma. The maximum amplitude of the
platelet aggregation was expressed as a percentage of the
difference between the light transmissions of the aggregated
PRP and PFP.

2.4. The Classification of Platelet Status. There is still no
formal consensus on how to evaluate platelet function. Our
laboratory therefore classified the function of the platelets
into three patterns of aggregation (namely, disaggregation,
or “dis”; normal aggregation, or “normal”; and hyperag-
gregation, or “hyper”), based on their reaction to various
concentrations of epinephrine [13, 14]. The “disaggregation
pattern” described the aggregation of platelets that were
induced by 25 uM epinephrine and expressed as the primary
phase of aggregation. By comparison, the “hyperaggregation
pattern” was the name given to the aggregation of platelets
that were induced by 1 uM epinephrine and expressed as
the secondary phase of aggregation.Therefore, the activity of
platelets to 1 𝜇M and 25 𝜇M epinephrine in a concentration-
dependent manner was classified as a normal aggregation
pattern.

2.5. Real-Time Quantitative PCR Analysis for COX-1 Expres-
sion. Protein suspensions of platelets were collected after the
aggregated platelets were lysed with an ice-cold buffer and
centrifuged at 10,000 x g for 10min at 4∘C. cDNAwas synthe-
sized using the SYBR PCR reagent kit (Applied Biosystems,
FosterCity, CA,USA), according to themanufacturer’s proto-
col. Quantitative real-time PCRwas performed by amplifying
specific genes with FastStart SYBR Green Master (Roche
Applied Science, Penzberg, Upper Bavaria, Germany).

The sequences of the primer sets were as follows:
GAPDH forward primer: 5-GACCACTTTGTC-
AAGCTCATTTCC-3

GAPDH reverse primer: 5-TGAGGGTCTCTC-
TCTTCCTCTTGT-3

COX-1 forward primer: 5-GACCCGCCTCATCCT-
CATAG-3

COX-1 reverse primer: 5-CCACCGATCTTGAAG-
GAGTCA-3

COX-2 forward primer: 5-CAAAAGCTGGGA-
AGCCTTCT-3

COX-2 reverse primer: 5-CCATCCTTGAAAAGG-
CGCAG-3.

The reactions were determined on the StepOnePlus Real-
Time PCR system (Applied Biosystems). The cDNA samples,
gene specific primers, were designed using vector NTI (Invit-
rogen) software. For data analysis, the mean cycle threshold



Evidence-Based Complementary and Alternative Medicine 3

Table 1: Demographic characteristics and baseline laboratory values.

Baseline Male (n = 5) Female Normal Range
(n = 5)

Age (years) 31.8 ± 6.2 41.2 ± 15.5 –
Body weight (kg) 71.1 ± 16.7 53.6 ± 6.5 –
High (cm) 170 ± 7.1 156.0 ± 6.5 –
Body mass index (kg/m2) 24.4 ± 4.0 22.1 ± 3.5 18–24
Hemoglobin (g/dL) 15.1 ± 1.6 13.3 ± 0.4 12.0–18.0
Hematocrit (%) 45.4 ± 3.8 40.3 ± 1.5 37.0–52.0
WBC (x103/𝜇L) 6.9 ± 4.4 8.1 ± 5.3 4–11
Platelet count (x103/𝜇L) 197.4 ± 83.6 262.4 ± 63.1 150–440
FBS (mg/dL) 89.0 ± 7.8 86.4 ± 5.5 74–100
Total cholesterol (mg/dL) 187.0 ± 59.9 230.4 ± 18.7 < 200
Creatinine (mg/dL) 1.0 ± 0.1 0.7 ± 0.01 0.51–0.95
AST (U/L) 23.3 ± 2.1 20.4 ± 4.2 0–32
ALT (U/L) 21.0 ± 4.6 19.0 ± 15 0–33
Data are presented as mean ± SD.

(Ct) number from triplicate (n=10) was computed for each
sample using the Sequence Detection Software (Applied
Biosystems) with normalization to GAPDH as an internal
control. PCRs products were determined on 1% agarose gels
and stained with SYBR Green I Nucleic Acid Stain (Lonza,
Rockland, USA).

2.6. Measurement of COX-1 Protein Using Western Blot
Analysis. The total protein concentrations of the aggregated
platelets were determined using the Bio-Rad protein assay
reagent. An equal amount of total protein in each sample was
loaded onto 10% polyacrylamide gel electrophoresis (SDS-
PAGE). Immunoblotting using anti-COX-1 mouse mono-
clonal antibody was performed overnight at 4∘C.The relative
protein amount of gene expression was determined using
Image Lab software (Bio-Rad).

2.7. Enzyme Immunoassay for TXB
2
(a Stable Metabolite of

TXA
2
) and P-Selectin Level. TXB

2
(a stable metabolite of

TXA
2
) and P-selectin (in supernatants of activated PRP)

were measured using an enzyme immunoassay commercial
kit, TXB

2
EIA kit (GE Healthcare, Chicago, IL, USA),

and P-selectin EIA kit (R&D Systems, Minneapolis, MN,
USA), respectively. The supernatants of the activated PRP
were processed for TXB

2
and P-selectin according to the

manufacturer’s instructions.

2.8. Statistical Analysis. All reported values are the means of
triplicate samples, and tests were repeated twice. The results
were presented as mean ± standard deviation (SD). Data
analysis was performed using GraphPad Prism version 5.03
and R software version 3.4.3. Two-way ANOVA was tested to
find any differences in the parameters of the groups, followed
by Bonferroni’s post hoc test. P-values less than 0.05 were
considered statistically significant.

3. Results

3.1. Subject Characteristic. The demographic characteristics
of 10 healthy volunteers were shown in Table 1.

3.2. Effects of A. paniculata on Platelet Aggregation. At study
entry, the platelet counts of PRP were in the range of 3.1-
6.4x108/mL. Aggregations of seven, one, and two subjects
were classified to be of the hyper aggregation, normal aggre-
gation, and disaggregation patterns, respectively. After AP
administration, these patterns as well as the average of the
percentage of aggregation induced by a panel agonist did
not change for either females or males for the duration of
the study, even though individual subjects showed minor
changes in their platelet aggregations (Figure 1). After AP
administration, platelet counts of PRP were in the range 3.5-
5.7x108 /mL and 2.8-5.0x108/mL at 2 hours and 24 hours,
respectively.

However, there was a trend toward a higher platelet
aggregation induced by 1 𝜇M epinephrine among females
than males. Moreover, ADP-induced platelet aggregation
showed a decreasing trend among females and an increasing
trend amongmales after AP administration (Figures 2(a) and
2(c)).

3.3. Effects of A. paniculata on Expressions of COX-1
mRNA and Protein. Expressions of COX-1 mRNA and
protein were detected in the platelets of all subjects. The
average ratio/housekeeping gene of the COX-1 expression
before AP administration was compared with that after
AP administration, and they are shown as a percentage
of control in Figure 3(b); the individual COX-1 expression
ratio/housekeeping gene is shown in Figure 3(c). A trend
toward decreasedCOX-1mRNAwas found afterAP adminis-
tration. When considering the individual results, most of the
subjects in this study revealed a decreasing COX-1 mRNA;
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Figure 1: Platelet aggregation induced by a panel of agonists. Percentages of aggregation before (or 0 hours) and 2 and 24 hours after
AP administration are shown as mean ± SD. (a) Total subjects; n=10. (b) Female subjects; n=5. (c) Male subjects; n=5. (d) Individual
platelet aggregation of subjects; AP1-AP10 as percentage and patterns of aggregation; H=hyperaggregation, N=normal aggregation, and
D=disaggregation.

however, there was no significant change in the COX-1
protein.

3.4. Effects of A. paniculata on TXB
2
and P-Selectin on

Platelets. TXB
2
and P-selectin in supernatant of PRP were

investigated and are shown in Figures 4(a)–4(c). There was
no significant difference in the level of TXB

2
, including P-

selectin, before and after AP administration. However, when
considering the individual results, most of the subjects in this
study revealed an increasing level of P-selectin (Figure 4(c)).

4. Discussion

Andrographis paniculata (AP) is a Thai traditional medical
herb that has been used to treat various infections, including
the common cold and fever [2]. One of its major biological
extract compounds, andrographolide, possibly contributes to
those pharmacological actions. Andrographolide also pos-
sesses antiplatelet activity [6, 7, 15]. It inhibited PAF-induced
human blood platelet aggregation [6] and thrombin-induced
washed rat platelet aggregation [7] in the in vitro studies of
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Figure 2: The effects of AP on platelet aggregation in females and males. Percentage of aggregation induced by a panel of agonists, (a) 1 𝜇M
epinephrine, (b) 25 𝜇Mepinephrine, (c) 5𝜇MADP, and (d) 1 𝜇g/mL collagen, before (or 0 hours) and 2 and 24 hours after AP administration,
are shown as mean ± SD.

Amroyan et al. and Thisoda et al., respectively. Moreover,
another study by Lu et al. reported the potent antiplatelet
activity of andrographolide; its activity was induced through
the activation of the endothelial nitric oxide synthase-
(eNOS-) NO-cyclic GMP pathway [15].

In our study, even though about 70% of the subjects
exhibited platelet hyperaggregation for the duration of the
study, some minor effects of AP on platelet aggregation
were found. Those were that ADP induced platelet aggre-
gation, showing a decreasing trend after AP administration
(Figure 2(c)). This effect of AP might not be as clear as that
shown in the studies by Lu et al., Amroyan et al., andThisoda
et al.

The difference is possibly due to the distinct pathway of
platelet activation and the experimental models used in the
study of platelet aggregation. Our study used the model of
ex vivo, instead of in vitro, with a panel of different agonists
(epinephrine, ADP, and collagen). Epinephrine is not consid-
ered to be a true mediator of platelet aggregation; however,
it can potentiate the aggregatory response to ADP through
coactivation of both the P2Y1 and P2Y12 receptors. ADP is

a natural ligand for the P2Y1 and P2Y12 receptors, which
play a crucial role in agonist-induced platelet aggregation.
Collagen induces platelet-shape change and releases sub-
stances which then activate the platelets to aggregate, possibly
involving the participation of the P2X1, P2Y1, and P2Y12
receptors, as well as thromboxane A2 (TXA

2
) formation

[16, 17]. Taking into account the multifactorial mechanisms
of platelet aggregation mentioned above and including the
recently reported studies [18, 19] different platelet receptors
are possibly involved in each pathway, with AP perhaps
reacting differently with each receptor; this would lead to the
variability in the platelet aggregation response.

The effects ofAPonplatelets, therefore,may vary depend-
ing on each individual person, as shown in Figure 1(d).
However, the effects were probably not stable if a receptor
was reversibly reacted. Moreover, substantial interindividual
variations in drug responses among subjectsmay be governed
by different drug metabolizing enzymes. Genetic variations
may also be another important factor altering the effects of
AP on platelets [20]. The other possible influencing factor is
gender differences as there was a report that the platelets of
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Figure 3: COX-1 mRNA and protein in platelets as the average fold of ratio/housekeeping gene. (a) COX-1 mRNA and (b) COX-1 protein,
before (or 0 hours) and 2 and 24 hours after AP administration. (c) The individual expression of COX-1 mRNA and protein of subjects
AP1-AP10.
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Figure 4: TXB
2
and P-selectin in platelets before and after AP administration. (a) The average levels of TXB

2
. (b) The average levels of

P-selectin. (c) The individual level of TXB
2
and P-selectin in subjects AP1-AP10.

females were more reactive than that of males; in addition, a
gender difference in the response to epinephrine in platelet-
rich plasma was found [21]. This agreed with our finding that
the epinephrine-induced aggregations in females tended to
be higher than that in males for the duration of the study
(Figure 2(a)). However, there was also a study reporting a

conflicting result in that sex difference did not affect platelet
aggregation [22].

Although platelets are anucleate, they still contain COX-
1, which generally provides physiological, housekeeping
functions, such as the generation of proaggregatory TXA

2

[23, 24]. This could be another factor contributing to
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Figure 5: Heatmap analysis. Individual parameters after 2 and 24 hours of AP administration represent relative changes normalized by the 0-
hour baseline of each subject AP1-AP10. (a) Parameters of platelet aggregation induced by a panel of agonists. (b) Parameters of the expression
of COX-1, mRNA, and protein, including the levels of TXB

2
and P-selectin, in resting platelets. Minus (-) and positive (+) value of color key

indicate an increasing effect and an inhibiting effect of AP, respectively.

patient-to-patient variability in platelet aggregation. We
therefore also assessed the expression of COX-1 mRNA
and protein, including the level of TXB

2
and P-selectin in

platelets. Even though there was no significant change in
these parameters, trends toward decreasing COX-1 mRNA
and increasing P-selectin levels were found after AP admin-
istration. These controversial results are possibly due to the
multifactorial mechanisms of platelet aggregation as well as
the multichemical composition of AP. Further studies by
several scientific groups, probably at the molecular level, are
needed to unveil the underlying mechanisms of AP action,
especially on platelets.

Although our study is just a pilot screening for the
existing effects of AP on platelet aggregation, the information
obtained contributes more baseline data to the safety data
sheet of AP. Since AP exhibits patient-to-patient variability in
platelet aggregation, a surveillance protocol for the long-term
use of AP should be performed, not only in patients with a
bleeding tendency but also in those with thrombosis. More-
over, the information obtained should be used as guideline
data for the planning of further studies.

5. Conclusions

This study revealed preliminary data on the effects of A.
paniculata on platelet aggregation induced by a panel of
agonists (epinephrine, ADP, and collagen) in human vol-
unteers. An individual variability in the platelet response
to A. paniculata administration was found. Visualization of
the results indicated a strong human volunteer variability,
which led to difficulties in interpreting the effects of A.
paniculata. However, it may also support the concept of
personalized medicine based on platelet reactivity, as shown
in Figure 5. Modulation of platelet reactivity by gender differ-
ence or products of the COX pathway, and P-selectin, should
also be considered for A. paniculata usage, such as some
pathological processes with a suspected bleeding tendency,
including thrombosis. Further studies at the molecular level
are necessary to reach conclusions.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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