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ABSTRACT:

Background: Andrographis paniculata is a herbaceous plant in the Acanthaceae family, that is widely used as a
traditional medicine in Asian countries and known to exhibit a wide range of pharmacological effects. Recent
studies have provided an overview of the great potential of A. paniculata as an analgesic. The ethanol extract and
ethyl acetate (EA) fraction of A.paniculata were shown to contain diterpene lactone compounds, which may be
useful as a potential active ingredient in analgesic drugs. The development of a herbal medicine based drug
requires an effective and high quality active ingredient. Therefore, this research was aimed to compare the
analgesic activity of ethanol extract and EA fraction based on their andrographolide content and further to
determine the more viable active substance for analgesic herbal medicine based drug development. Method: The
andrographolide content in the ethanol extract and EA fraction was determined by High Pressure Liquid
Chromatography (HPLC). Measurement of analgesic activity was performed by writhing test. The experimental
animals were randomly divided into eight groups consisting of 5 mice in each. Group 1 (negative control)
received 1% Tween-80 in normal saline. Group 2 (positive control) received a standard analgesic drug
(diclofenac sodium) at a dose of 40 mg/kg body weight. Group 3, 4, and 5 received ethanol extract while Group
6, 7, and 8 received EA fraction, each at a dose of 12.5, 25, and 50 mg andrographolide/kg body weight,
respectively. Each mouse was injected intraperitoneally with 1% acetic acid at a dose of 10ml/kg body weight
30 minutes after oral administration of the treatments. The number of writhes were counted 5 min after acetic
acid injection over a period of 45 min. Results: Andrographolide content in ethanol extract and EA fraction was
15.66+0.28 and 21.25x1.08 % w/w, respectively. Ethanol extract and EA fraction displayed analgesic activity of
67.68% and 70 .91% respectively, at a dose of 50 mg andrographolide/kg body weight. The positive control at a
dose of 40 mg/kg body weight showed an analgesic activity of 74.33%. Statistical analysis showed no significant
differences between EA fraction at a dose of 50 mg andrographolide/kg body weight and ethanol extract at the
same dose as well as the positive control (P> 0.05). The effective dose 50% (EDsp) of the ethanol extract and EA
fraction was determined to be 2949 and 25.55 mg/kg body weight, respectively. Conclusion: It was possible to
use andrographolide content as an indicator for the analgesic activity of A paniculata. Ethanol extract and EA
fraction of A. paniculata at the same dose of andrographolide showed similar analgesic activity. The amount of
ethanol extract which needed to reach similar analgesic activity was higher than EA fraction. Therefore, EA
fraction likely has greater potential as an analgesic active substance due to its higher content of andrographolide;
however further study is needed to develop it as a dosage form.

KEYWORDS: Andrographis paniculata, extract, ethyl acetate fraction, analgesic activity .
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presently used for the management of pain and
inflammatory conditions are narcotics (e.g., opioids),
non-narcotics (e.g., salicylates) or corticosteroids (e.g.,
hydrocortisone). All of these drugs cause well known
side effect, such as a low potency, and toxic effects,
such as renal failure, allergic reactions, and occasionally
hearing loss while also potentially increasing the risk of
haemorrhage by affecting platelet function®*. The use of
nonsteroidal substances such as aspirin is also increasing
due to its utility in reducing the incidence of a number of
common disorders including stroke, myocardial
infarction and cancer®. Therefore, the discovery of
alternative substances to treat pain is crucial.

Plants are important sources of new drugs. Many plants
were reported to have a potential analgesic activity
including Solanum  surattense, Plumbago indica,
Clerodendrum inerme, Lagenaria siceraria, Cuscuta
reflexa, Alpinia conchigera, Sida Spp and Andrographis
paniculata. These plants extracts were showed inhibition
on acetic acid induced writhing on mice compared to
aspirin or diclofenac sodium as a positive control 2,

Andrographis paniculata is a herbaceous plant in the
Acanthaceae family that is widely used as a traditional
medicine in Asian countries”®. This plant is known to

have  pharmacological effects, such as anti-
inflammatory, antibacterial, antioxidant, anticancer,
antidiabetic, antimalarial, hepatoprotective,

immunostimulant, allergic, analgesic, and antipyretic
activity'*'7. Several studies have been conducted to
determine the analgesic activity of A. paniculata.
Previous investigations reported that the aqueous extract
of A. paniculata at a dose of 100 mg/kg and 500 mg/kg
per orally, significantly reduced (P<0.01) acetic acid
induced writhing in both acute and chronic
examinations. The test drug at a dose of 100 mg/kg and
500 mg/kg fared better than the standard drug (aspirin)
at 150 mg/kg in acute cases'”. The ethanol extract of A.
paniculata is known to display an analgesic activity of
34%"8. Andrographolide has also been shown to exhibit
analgesic activity at a dose of 4 mgkg, when given
intraperitoneally . These studies provide an overview of
the significant potential of A. paniculata as an
alternative analgesic drug.

In consideration of these results, A.paniculata has been
identified as a prospective plant than could be used to
address the current need for alternative analgesic drugs.
Although many reports on the analgesic activity of A.
paniculata have been published, little attention has been
directed towards the development of analgesic herbal
medicines based on effective and high quality active
ingredients. The ethanol extract and ethyl acetate (EA)
fraction of A.paniculata have been shown to contain
diterpene  lactone compounds and  importantly

andrographolide as a potential active substance.
Therefore, this research was aimed to compare the
analgesic activity of ethanol extract and EA fraction
based on their andrographolide content and to further
determine the more viable active substance for analgesic
drug development.

MATERIALS AND METHODS:
Plant Material:

The plant material used in this research was A.
paniculata  dried  powder  containing 1.82%
andrographolide (PT. Kimia Farma Tbk).

Andrographolide standard was purchased from Sigma-
Aldrich (Cat No.365645-100MG).

Preparation of the ethanol extract and ethyl acetate
(EA) fraction:

A.paniculata dried powder was extracted by maceration
method using ethanol 96% as a solvent. The liquid
ethanol extract was then evaporated using a rotary
evaporator. The concentrated extract was then further
separated via liquid-liquid fractionation using ethyl
acetate and water (1:1 v/v) to obtain the ethyl acetate
(EA) fraction.

Determination of andrographolide content:

Analysis of andrographolide content in the extract and
EA fraction was conducted by High Pressure Liquid
Chromatography (HPLC) method. The analysis used an
Agilent HPLC system, Poroshell RP-18 column
(4.6x250 mm, 5um), mobile phase methanol:water pH
3.05 (50%: 50% v/v) and a flow rate of 1 ml/min. The
extract and EA fraction were weighed out (10 mg) and
dissolved in 10 ml of methanol. Standard working
solutions was made at concentrations of 100, 200, 400,
800, and 900 ppm in methanol, taking into account the
98% standard potential. The sample and standard
solutions were filtered using a filter membrane with a
pore size of 0.22 pm. The solutions were subsequently
inserted into an auto sampler and injected into the HPLC
system. Andrographolide content in the extract and EA
fraction was then determined based on the
chromatogram peak areas.

Animals:

This study used male mice BALB/C strain (25-30 g),
were maintained on standard animal pellets and water ad
libitum at the Animal Laboratory of the Institute of
Tropical Disease, Universitas Airlangga, Surabaya.
Animals were kept at constant temperature (25 +1°C)
and underwent a regular 12/12 h light/dark cycle, while
having free access to standard laboratory feed and water.
Permission and approval for animal studies were
obtained from the Faculty of Veterinary Medicine,
Universitas Airlangga with the approval code 753-KE.
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Evaluation of analgesic activity by acetic acid
induced writhing test:

The mice were divided into eight groups (n = 5). Group
1 (Negative control) received 1% Tween-80 in normal
saline. Group 2 (Positive control) received a standard
drug (diclofenac sodium) at a dose of 40 mg/kg body
weight. Group 3 to Group 8 were treatment groups.
Group 3 to Group 5 received ethanol extract at a dose of
12.5, 25, and 50 mg andrographolide/kg body weight
respectively. Group 6 to Group 8 received EA fraction at
doses of 12.5, 25, and 50 mg andrographolide/kg body
weight respectively. All treatments were administered
orally. Each mouse was injected with 1% acetic acid
intraperitoneally at a dose of 10 ml/kg body weight, 30
minutes after administration of the standard drug and
test samples. The number of writhes (constriction of
abdominal muscles along with the stretching of hind
limbs) were counted 5 min after acetic acid injection
over a period of 45 min. The percentage of analgesic
activity was calculated as follows™.

N negative control - N test

X 100

% Analgesic activity
N negative control

Where N is the mean number of writhes for the each
group.

Statistical analysis:

Mean and standard error of mean (SEM) was calculated
for the observed values in each experimental group
(n=5). Statistical analysis was performed by one way
analysis of variance (ANOVA) followed by Least
Significant Difference (LSD). An effect was considered
to be significant at the P<0.05 level. Effective Dose 50%
(EDsg) was analyzed by probit analysis. SPSS 17.0 was
used for the statistical analysis.

RESULTS:

Determination of andrographolide content:

The andrographolide content in extract and EA fraction
was  determined by HPLC  method using
andrographolide as an external standard. The analysis
was done used a Poroshell RP-18 column (4.6x250 mm,
5um), mobile phase methanol:water pH 3 .05 (50%: 50%
v/v) and a flow rate of 1 ml/min. Under these conditions,
the andrographolide standard was observed at Rt 2.46
min. Meanwhile, andrographolide in extract and EA
fraction was detected at Rt 2.51 min (Figure 1). The
peak area of the andrographolide standard at
concentrations of 100, 200, 400, 800 and 900 ppm was
determined. The peak areas of the known standard
concentration were used for linier regression analysis as
shown in Table 1. Andrographolide content in extract
and EA fraction was 15.66+0.28% and 21.25+ 1.08%
w/w as shown in Table 2.
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Figure 1. HPLC Chromatogram of Andrographolide standard at a concentration of 200 ppm (a), ethanol extract of Andrographis

paniculata (b), EA fraction of Andrographis paniculata (c).
Table 1. HPLC results of andrographolide st

dard (concentration vs area)

Concentration (ppm)

Area

100

209 84308

200

654 (0830

400

152293140

8OO

3129 94482

900

354597778

Y=4.1461x-177.57, R*=09997
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Table 2. HPLC result of andrographolide content in extract and EA fraction
Sample | Area Sample Concentration (ppm) | Andrographolide content Andrographolide content (% w/w)
(% wiw) Average+SD
Extract | 48647580 160.14 16.01 15.66+0.28
461.17447 15404 15.40
476.88068 157.83 15.78
463.30511 154.55 1545
EA 707.80560 21353 21.35 2125+1.08
Fraction | 65543182 20090 20.09
668.67413 20891 20.89
762.83105 226.80 2268
Table 3. Analgesic activity of extract and EA fraction of A. paniculata by acetic acid induced writhing in mice
Groups Dose (mg/kg bw) Number of writhes in 45 min (Mean+SEM) Inhibition ( %)
Negative control - 105 21 80
Diclofenac sodium 40 27.0x1.92% 74.33+1.83
Ethanol extract 12.5 85.8+1.16" 18.44+1.10
25 54.6+1.94 48.10+1.84
50 34.0+1.14 67.68+1.08
EA fraction 12.5 83.0£1.61% 21.10+1.53
25 47.4+1.62° 54.94+2.49
50 30.6x1.12:0 70.91+1.07

Value are reported as Mean+=SEM for all groups. The data was analyzed by ANOVA followed by LSD test. Letters (abed) indicate statistically

significant difference, P<0.05

Evaluation of analgesic activity by acetic acid
induced writhing test:

The effects of the ethanol extract and EA fraction of A.
paniculata on the acetic acid-induced abdominal
constrictions in mice are presented in Table 3 and Figure
2. The results indicated that ethanol extract, EA fraction
of A. paniculata (at a dose of andrographolide 12.5, 25,
and 50 mg/kg body weight) and diclofenac sodium
(40 mg/kg body weight) significantly (P<0.05) reduced
abdominal writhing in mice when compared to the
negative control group. Interestingly, the reduction
occurred in a dose dependent manner. Maximum
inhibition from treatment with ethanol extract (67.68%)
and EA fraction (70.91%) was observed at a
andrographolide dose of 50 mg/kg body weight. The
effective dose 50% (EDs) was analyzed by probit log
analysis using SPSS. The results showed that the EDsg
values of extract and EA fraction were 29.49 mg/kg
body weight and 25.55 mg/kg body weight, respectively.

Hence, the EA fraction displayed higher activity
compare to the extract based on their EDs value.

a0

704 - E= Ethanolextract

EJ Ea fraction

~ 601 .
" Positive control
2 504
2 401
= a0
= 201

104 g

] T T

A0mgikg 125mgke 25mghkg  S0mglky
Groups

Figure 2. Percentage of inhibition of abdominal contractions of
acetic acid induced writhing in mice.

DISCUSSION:

In order to facilitate the use of Apaniculata for its
analgesic activity, this study aimed to determine the
active substance involved and its potential for
development into an analgesic herbal medicine based
drug. This was undertaken by comparing the analgesic
activity of the ethanol extract and EA fraction based on
their andrographolide content.

The determination of andrographolide content in ethanol
extract and EA fraction was conducted by HPLC
method.  Several methods to  quantify  the
andrographolide content in extract and pharmaceutical
dosage form were reported including High Performance
Thin Layer  Chromatography  (HPTLC)  and
spectrophotometric method?>*, HPLC methods was
adopted in this study because of its simple, precise and

accuracy. The determination result reveal that
andrographolide content in extract was 15.66+0.28%
wiw. Meanwhile, EA  fraction was contain

andrographolide 21.25+ 1.08% w/w, which was higher
compared to the extract.

In this study, experimental animals in the form of mice
(Mus  musculus) were divided into eight groups
consisting of a positive control group, negative control
group, and six treatment groups. The number of animals
used for each test group was determined based on the
Federer formula®*. The ideal number of animals per
group according to the Federer formula was a minimum
of four animals. The experimental animals were
randomly divided into eight groups where each group
consisted of five mice. Thus the total for all control and
treatment groups amounted to forty male mice. The
negative group was given CMC-Na 0.5%. The positive
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control group was given the analgesic drug sodium
diclofenac at a dose of 40 mg/kg body weight of mice.
Group 3 to 5 were treated with 96% A. paniculata
ethanol extract and Groups 6 to 8 were treated with A.
paniculata EA fraction at an andrographolide dose of
12.5, 25, and 50 mg/kg body weight of mice.

The acetic acid-induced abdominal constriction method
i1s widely used for the screening new analgesic drugs,
because it is very simple and sensitive®. The working
principle of this method is to observe the stretching
response that occurs due to pain stimulation by an
irritant. The irritants are administered by injecting acetic
acid as an intraperitonial pain inducer in mice®.
Administering  acetic acid can cause a local
inflammatory response because of the release of
arachidonic acid from phospholipid tissue via Cox,
prostaglandin production (PGE2 and PGE2a¢) and
increased production of lipoxygenase which can
increase intraperitoneal fluid. The production of
prostaglandin and lipoxygenase causes swelling and
release of endogenous substances that stimulate nerve
endings in the visceral area, especially in the chest and
abdominal cavity so that pain arises. This pain is
characterized by the appearance of stretching which is
classified as the foot being pulled back (stretched) and
the abdomen touching the base of the form plate®->’.

Based on ANOVA analysis, it was shown that
significant differences occumred between the treatment
groups (P<0.05). Hence, the administration of different
test materials produced different amount of stretching.
Regarding the results of the ethanol extract and EA
fraction in the acetic acid-induced abdominal
constriction assay, a prominent inhibition of the writhing
reflex was observed. The ethanol extract and EA
fraction of A. paniculata display analgesic activity as
determined by significantly (P<0.05) reduced abdominal
writhing in mice when compared to the negative control
group.

Post hoc-tests were performed using the Least
Significant Difference (LSD) analysis to reveal any
differences between treatment groups. LSD test results
showed that EA fraction at a dose of andrographolide of
12.5 mg/kg was not significantly different to the ethanol
extract treatment at the same dose. Furthermore, the EA
fraction at an andrographolide dose of 50 mg/kg did not
differ significantly from the ethanol extract treatment at
the same dose as well as from the positive control. From
this it can be concluded that the administration of
sodium diclofenac at a dose of 40 mg/kg and the EA
fraction at a andrographolide dose of 50 mg/kg have
reduce writhing in mice to a similar degree.

Diclofenac sodium, like other non-steroidal anti-
inflammatory drugs, inhibits the biogenesis of
prostaglandins, thus inhibiting the writhing in

experimental animals like mice. The presence of
phytochemicals in Apaniculata, such as diterpenes,
lactones, and flavonoids has been reported in previous

work™. Flavonoids were reported to have a role in
analgesic activity primarily by targeting
3132

prostaglandins” Moreover, andrographolide was
detected in diterpene lactone compounds which are
known to have analgesic effects'”. Madav et al. (1995)
reported that 300 mgkg of andrographolide,
administered orally, had significant analgesic activity on
acetic-induced writhing in mice®. The results of our
study showed that both ethanol extract and EA fraction
at the same andrographolide dose of 50 mg/kg showed
similar analgesic activity. Andrographolide, which was a
major compound contained in the ethanol extract and
EA fraction can be considered as a marker for analgesic
activity. In agreement with previous work, A paniculata
analgesic activity was entirely explained by the presence
of a high content of andrographolide™. The presence of
other secondary metabolites did not influence the
analgesic activity as shown by their similar activity. The
EA fraction might be chosen as potential active
substance in analgesic drug development based on its
higher andrographolide content. The amount of EA
fraction equal to 50 mg andrographolide (235.30 mg)
needed to reach the similar analgetic activity was lower
than ethanol extract (319.28 mg). Nevertheless, further
study is needed to increase the analgesic activity of the
EA  fraction to enable practical applications.
Specifically, formulating a study of the EA fraction
wherein the solubility of active substance is increased
will be of great interest study as well as working
towards an understanding of the mechanism of action.

CONCLUSION:

Ethanol extract and EA fraction of A. paniculata at the
same dose of andrographolide showed similar analgesic
activity. Andrographolide could take a role as a marker
for the analgesic activity of A.paniculata. The EA
fraction contained a higher andrographolide content
compared to the ethanol extract. The amount of ethanol
extract which needed to reach similar analgesic activity
was higher than EA fraction. Therefore, the EA fraction
has great potential as an analgesic active substance, but
further study is needed to elucidate the appropriate
dosage form.

CONFLICT OF INTEREST:

The authors declare there is no conflict of interest.

ACKNOWLEDGEMENT:
The authors are grateful to the Directorate General of
Research Technology and Higher Education, for their

6273




Research J. Pharm. and Tech. 14(12): December 2021

funding through Penelitian Terapan Unggulan Perguruan

Tinggi

contract No.004/ADD/SP2H/LT/DRPM/

VIIL/2017.

REFERENCE:

1.

]

Tatiya AU, Saluja AK, Kalaskar MG, Surana SJ, Patil PH.
Evaluation of analgesic and anti-inflammatory activity of
Bridelia retusa (Spreng) bark. Joumal of Traditional and
Complementary Medicine. 2017; 7: 441-51.

Ahmad F, Khan RA, Rashid S. Pharmacological Evaluation of
Medicinal Plants For Their Analgesic Activity In Mice. Medical
Joumal of the Islamic Republic of Iran. 1996; 10(2): 149-52.
Thomas MC. Diuretics, ACE inhibitors and NSAIDs - the triple
whammy. Med J Aust. 2000; 172: 184-5.

Dubois RW, Melmed GY, Henning JM, Bemal M. Risk of upper
gastrointestinal  injury and event in patients treated with
cyclooxigenase (COX)-1/COX-2 nonsteroidal antiinflammatory
drugs (NSAIDs), COX-2 selective NSAIDs and gastroprotective
cotherapy: an appraisal of the literature, J Clin Rheumatol. 2004
10(4): 78-89.

Sravathi K, Ramana KV, Sumalatha G, Neeraja K. Evaluation of
anti-inflammatory and analgesic potency of whole plant extract
of Solanum surattense in experimental animals. Research J
Pharmacology and Pharmacodynamics 2013; 5(2):101-5.

Paul S, Saha D. Analgesic activity of methanol extract of
Plumbago indica (L.) by acetic acid induced wrthing method.
Asian J Pharm Tech 2012; 2(2):74-6.

Vijay Amirtharaj R, Suresh V, Senthii Kumar R. Studies on anti-
inflammatory and analgesic properties of methanol extract of
aerdal part of Clerodendrum inerme in experimental animal
models. Research J Phammacognosy and Phytochemistry 2010;
2(5):421-4.

Deshmukh DB, Sherkar MR. Evaluation of in vivo analgesic and
anti-inflammatory activity of ethanolic extract of medicinal plant
Lagenaria siceraria. Asian J Pharm Tech 2019; 9(2): 75-8.
Jadhav GB, Udavant PB, Saudagar RB, Upasani CD. Analgesic
and antiinflammatory  activity of amarwel extracts on
experimentally induce pain and inflammation on animals.
Research Journal of Pharmacy and Pharmacodynamics 2014;
6(2): 112-7.

Paul 8, Saha D. Analgesic activity of methanol extract of Alpinia
conchigera Griff by acetic acid induced writhing method. Asian
J Res Pharm Sci 2012; 2(2): 62-5.

Bhaskar VH, Sangameswaran B, Balakrishnan N, Panda AB, Raj
NR, Sathis A. Screening of analgesic and anti-inflammatory
activity of hydralcohol extract of Sida (Indian) species root.
Research T Pharm Tech 2008; 1{3): 287-9.

Shivaprakash G, Gopalakrshna HN, Padbidri DS, Sadanand S,
Sekhar SS, Nivedita RS. Evaluation of Andrographis paniculata
leaves extract for analgesic activity. Journal of Phammacy
Research 20011; 4(10): 3375-7.

Nanduri S, Nyavanandi VK, Thunuguntla S § R, Kasu 5, Pallera
MK, Ram PS et al. Synthesis and structure-activity relationships
of andrographolide analogues as novel cytotoxicagents. Bioorg.
Med. Chem. Lett. 2004;14(18): 4711-7.

Akbar 5. Andrographis  paniculara: A Review  of
Pharmacological Activities and Clinical Effects. Altemative
Medicine Review. 201 1:16(1): 66-77.

Jayakumar T, Hsieh CY, Lee JI. Sheu JJ. Review article:
Experimental and Clinical Pharmacology of Andrographis

panicwlata and  Its Major  Bioactive  Phytoconstituent
Andrographolide.  Evidence-Based  Complementary  and
Altemative Medicine. 2013, Article IDR46740.

https://doi.org/10.1155/2013/846740

Joselin I, Jeeva S. Andrographis paniculata: A Review of its
traditional uses, phytochemistry and pharmacology. Med Aromat
Plants. 2014;3:169.

Okhuarobo A, Falodun JE, Erharuyi O, Imieje V. Falodun A,
Langer P. Hamessing the medicinal properties of Andrographis

[
[

30

3L

33,

34,

6274

paniculata  for diseases and beyond: a review of its
phytochemistry and pharmacology. Asian Pac J Trop Dis. 2014,
4(3):213-22.

Hassan MM, Khan SA, Shaikat AH, Hossain ME, Hoque MA,
Ullah MH et al. Analgesic and anti-inflammatory effects of
ethanol extracted leaves of selected medicinal plants in animal
model. Vet World. 2013; 6(2):68-71.

Suebsasana S, Pongnaratom P, Sattayasai J. Analgesic,
antipyretic,  antiinflammatory  and  toxic  effects of
Andrographolide dedvates in experimental animals. Arch Pharm
Res. 2009; 32(9):1191-200.

Hijazi MA, El-Mallah A, Aboul-Ela M, Ellakany A. Evaluation
of analgesic activity of Papaver libanoticum extract in mice:
involement of opioids receptor. Evidance based complementary
and alternative medicine. 2017, article ID 8935085,

Bhope SG. Kuber VV, Patil MJ, Ghosh VK. Validated HPTLC
method for the quantitation of andrographolide from raw
material and pharmaceutical dosage form. Asian J Research
Chem 2009; 2(3): 314-7.

Rajasekaran A, Arivukkarasu R, Linda M. Estimation of
andrographolide content in aqueous extract of siddha formulation
by HPTLC. Asian J Pharm Ana 2015; 5(4): 206-8.

Suneetha A, Manasa K. Development and validation of visible
spectrophotometric method for determination of andrographolide
in kalmegh plant extract. Asian J Pharm Ana 2014; 4(2): 85-8.
Federer WT. Statistics and Society: Data Collection and
Interpretation, 2™ Ed. New York: Marcel Dekker. 1991,

Collier HOJ, Dinneen LC. Johnson CA, Schneider C. The
Abdominal Constriction Response and its Suppression by
Analgesic Drugs in the Mouse. British I Pharmacol. 1968,
32:295-310.

Gawade S. Acetic Acid Induced Painful Endogenous Infliction in
Writhing Test on Mice. Journal of Phammacology and
Pharmacotherapeutics. 2012; 3(4):348.

Thompson EB. Drug Bioscreening Fundamental of Dmg
Evaluation Technique In Pharmacology. New York Publishing
Co. Inc. 1985,

Granger D. Role Of Xanthine Oxidase and Granulocytes in
Ischemia-Reperfusion Injury. American Journal of Physiology-
Heart and Circulatory Physiology. 1988; 255(6):1269-75.
Duarte I, Nakamura M, Femeira S. Participation of the
Sympathetic System in Acetic Acid-Induced Writhing In Mice.
Brazilian Joumal of Medical and Biological Research. 1987,
21(2):341- 3.

Das P, Srivastav AK. Phytochemical Extraction and
Characterization of the Leaves of Andrographis paniculata for
Its Antibacterial, Anti-Oxidant, Anti-Pyretic and Antidiabetic
Activity. International Journal of Innovative Research in Science,
Engineering and Technology . 2014; 3(8): 15176-84.

Rajnarayana K. Reddy MS, Chaluvadi MR, Krishna DR.
Biflavonoids classification, pharmacological, biochemical effects
and therapeutic potential. Indian Journal of Phamacology. 2001;
33:2-16. http: f'www djponline com/article.asp?issn=0253-7613
Rao MR, Rao YM. Rao AV, Prabhkar MC. Rao CS, Muralidhar
N. Antinociceptive and antiinflammatory activity of a flavonoid
isolated from Caralluma attentate. Journal of
Ethnopharmacology. 1998; 62: 63-6. DOL 10.1016/S0378-
B741(98)00048-8.

Madav S, Tripathi HC. Tandan, Mishra SK. Analgesic,
antipyretic and antiulcerogenic effects of andrographolide. Indian
Journal of Pharmaceutical Sciences. 1995; 57(3):121-5.

Thakur AK, Rai G, Chatterfjee 55, Kumar V. Andrographis
paniculata  and  andrographolide in  diabetic rodents. EC
Pharmaceutical Science. 2015; 1(1): 19-28.




The Role of Andrographolide in Andrographis paniculata as a
Potential Analgesic for Herbal Medicine based Drug
Development

ORIGINALITY REPORT

15, 13, 11« O«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

jpsr.com

Internet Source

T

Www.amhsr.org

Internet Source

T

e

ecronicon.com

Internet Source

T

-~

www.jcimjournal.com

Internet Source

T

o

Antara Ghosh, Sujan Banik, Mohammad Nurul
Amin, Jamiuddin Ahmed. "Evaluation of
antinociceptive, antihyperglycemic, and
membrane stabilizing activities of Garcinia
lancifolia Roxb", Journal of Traditional and
Complementary Medicine, 2017

Publication

T

cyberleninka.org

Internet Source

(K

eprints.manipal.edu



=

Internet Source

(K

Zhou, Bin, Dayong Zhang, and Xiaoming Wul. 'I y
"Biological Activities and Corresponding SARS ’
of Andrographolide and Its Derivatives", Mini

Reviews in Medicinal Chemistry, 2013.

Publication

bmccomplementmedtherapies.biomedcentral.com1 o
0

Internet Source

ir.library.ui.edu.n
InternetSouZe g <1 %
www.ncbi.nlm.nih.gov
Internet Source g <1 %
ubs.rsc.or
IFr?ternet Source g <1 %
wto-cn.net.www.mobile.jci.or
Internet Source J g <1 %
Sharuti Mehta, Anil Kumar Sharma, Rajesh K. <'I y
Singh. "Pharmacological Activities and ’
Molecular Mechanisms of Pure and Crude
Extract of Andrographis paniculata: An
update", Phytomedicine Plus, 2021
Publication
apjtcm.com
IntE;netSource <1 %




—
(0))

www. hilarispublisher.com <'] %

Internet Source

—
~N

Hossain, Md Mokarram, Rumana Jahangir, SM <1 o
Raquibul Hasan, Raushanara Akter, Taksim °
Ahmed, Md Imamul Islam, and Abdullah

Faruque. "Antioxidant, analgesic and cytotoxic

activity of Michelia champaca Linn. Leaf",

Stamford Journal of Pharmaceutical Sciences,

2010.

Publication
itrem?sgominj.yums.ac.ir <1 o
mpacactororg <1y
I\:]\Q/r\:]\é\t/.sigEcseonIine.com <1 o

B
—

clinphytoscience.springeropen.com <1
Internet Source %

ljrar.com

Internet Source <1 %
link.springer.com

Internet Source <1 0/0
www.i-scholar.in

Internet Source <1 %




Alexander G. Panossian, Thomas Efferth,
Alexander N. Shikov, Olga N. Pozharitskaya et
al. "Evolution of the adaptogenic concept
from traditional use to medical systems:
Pharmacology of stress - and aging - related
diseases", Medicinal Research Reviews, 2020

Publication

<1%

CRS Prakoeswa, FR Natallya, D Harnindya, A
Thohiroh et al. "The efficacy of topical human
amniotic membrane-mesenchymal stem cell-
conditioned medium (hAMMSC-CM) and a
mixture of topical hAMMSC-CM + vitamin C
and hAMMSC-CM + vitamin E on chronic
plantar ulcers in leprosy: A randomized
control trial", Journal of Dermatological
Treatment, 2018

Publication

<1%

Kilani-Jaziri Soumaya, Mhalla Dhekra,
Chabane Fadwa, Ghedira Zied, Limem llef,
Ghedira Kamel, Chekir-Ghedira Leila.
"Pharmacological, antioxidant, genotoxic
studies and modulation of rat splenocyte
functions by Cyperus rotundus extracts", BMC
Complementary and Alternative Medicine,
2013

Publication

<1%

journals.plos.org

Internet Source

<1%




www.phytojournal.com
Internet SEurc)e/ J <1 %
N Ibrahim, S Nuryanti, A Hasanuddin, M S
_ . o <lw
Zubair. "The effect of growing place on the oil
quality and antioxidant activity of kelor
(Moringa oleifera lamk) seed", Journal of
Physics: Conference Series, 2021
Publication
Nesrin Gokhan-Kelekci, Meri¢c Kdksal, Songul
o ) . 3 <l%
Unuvar, Goknur Aktay, Hakki Erdogan. "
Synthesis and characterization of some new
2( )-benzoxazolones with analgesic and
antiinflammatory activities ", Journal of
Enzyme Inhibition and Medicinal Chemistry,
2008
Publication
Preeti Sharma, Swapnil Kumar, Shruti Beriwal,
. . <lw
Priyanka Sharma et al. "Comparative
transcriptome profiling and co-expression
network analysis reveals functionally
coordinated genes associated with metabolic
processes of Andrographis paniculata", Plant
Gene, 2020
Publication
Yan Tong. "Analgesic activity of myricetin <'I %

isolated from Myrica rubra Sieb. et Zucc.
leaves", Archives of Pharmacal Research,
04/2009



Publication

Exclude quotes Off Exclude matches Off
Exclude bibliography On



The Role of Andrographolide in Andrographis paniculata as a
Potential Analgesic for Herbal Medicine based Drug
Development

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6




