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Background: Paracetamol (acetaminophen) toxicity is considered to be one of the major causes of drug-
induced hepatic failure. Citraka (Plumbago rosea L. and Plumbago zeylanica L.) was mentioned in Ayurveda
classics as a remedy in liver disorders.
Objective(s): The aim of the study was to experimentally evaluate the comparative effect of hep-
atoprotective activity of detoxified root decoction of the two species of Citraka against paracetamol-
induced hepatotoxicity in male Wistar albino rats.
Materials and methods: The hepatoprotective effect of Citraka decoction of two species was evaluated by
the assessment of biochemical parameters such as SGOT, SGPT, alkaline phosphatase, total bilirubin,
direct bilirubin, and serum creatinine. The study was also supported by histopathological assessment of
liver sections.
Results: The results showed the elevated concentration of biochemical markers and histopathological
degenerative changes in animals treated with paracetamol indicating severe hepatic damage; whereas,
the treatment with decoction of both the species of Citraka showed significant reduction in the serum
markers and regenerative changes in the histopathological specimens pointing towards its effectiveness
as a hepatoprotective drug.
Conclusion: The present study showed Citraka’s effectiveness as a hepatoprotective drug and proved that
the detoxified root decoction of P. rosea L. has a significant protective activity against paracetamol-
induced hepatotoxicity than P. zeylanica L.
© 2021 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction which is generally used in treating liver damage. However, recent

studies have shown that the oral administration of silymarin at a

The liver is a versatile organ which performs several diversified
functions. It is the primary site of drug metabolism and an
important target for drug-induced toxicity. The worldwide annual
incidence of drug-induced hepatotoxicity is estimated to be
13.9—24.0 per 100,000 inhabitants [1]. Drug-induced toxicity
should always be considered in the differential diagnosis of pa-
tients presenting with acute liver failure, jaundice or abnormal
liver biochemistry. Among the drug-induced hepatic failure,
paracetamol (acetaminophen) toxicity remains the most common
cause. Silymarin is the standard proven hepatoprotective drug
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dosage of 400 mg/kg causes cytotoxicity as well as changes in the
biochemical parameters of blood [2]. Though conventional medi-
cine has been successful in treating the condition, it brings some
unwanted and undesired effects. Hence, search for herbal rem-
edies with potent hepatoprotective activity and less side effects is
the need of the hour. Treatment using Ayurvedic drugs becomes an
alternative solution to provide effective treatment without any
harmful effects. In Pliha-Yakrt cikitsaadhyaya, Cakradatta [3] has
mentioned the use of Citraka Kvatha (decoction) in Yakrt vikaras
(liver disorders). Nighantu Ratnakara [4] describes, karma of Cit-
raka as Yakrutrogahara. Root of Plumbago zeylanica L. (Sveta Cit-
raka) and Plumbago rosea L. (Rakta Citraka) of Plumbaginaceae
family are used in Ayurveda as source plants of Citraka. Ayurveda,
the science of life, emphasizes detoxifying techniques (Sodhana)
for certain drugs to eliminate the toxicity while retaining its
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potency [5]. Detoxifying methods of Citraka are mentioned in
Arogyakalpadrumam [6] and Ayurvedic Pharmacopoeia of India
(API) [7]. Citraka (P. rosea L. and P. zeylanica L.) is a very potent
herbal drug and has well-proven hepatoprotective activity. How-
ever, there is a variation in the usage of the two species of Citraka
across the states of India. API [8] and Quality Standards of Indian
Medicinal Plants [9] specifies white-flowered P. zeylanica L. as the
source plant of Citraka. This is contradictory to the use of red-
flowered P. rosea L. as the source plant of Citraka in Kerala. Irre-
spective of the variety, it seems to be effective in producing the
desired hepatoprotective activity. So far, no comparative study has
been done on the hepatoprotective effects of above said two spe-
cies of Citraka, but individual studies have been reported earlier
[10—12]. Hence, the present study is significant in differentiating
which species of Citraka possesses a better protection against
paracetamol-induced hepatotoxicity.

2. Materials and methods
2.1. Plant materials

The roots of Citraka (2 species - P. zeylanica L. and P. rosea L.)
were collected in June 2018 from the field at Pathanamthitta dis-
trict, Kerala with the help of regional flora (Flora of Pathanamthitta
[13]), and authenticated by a taxonomist. The roots of the plants
were cut into smaller pieces and thoroughly washed using tap
water (Figs. 1-2).

2.2. Detoxification of plant materials

Detoxification (Sodhana) of Citrakamoola i.e., root of two species
of Citraka was carried out by one of the classical methods as
specified in Arogyakalpadrumam and API. The cut pieces of 1 kg root
each of both species Citraka were kept immersed in Curnodaka
(lime water - CaCO3) for 24 h. Later the roots were taken out,
washed with distilled water, dried and pre-served as ‘Suddha Cit-
raka’ - detoxified form of Citraka. After proper detoxification, the
roots were subjected for shade-drying after which, they were
powdered with a grinder and passed through mesh no. 60 to obtain
coarse powder.

2.3. Preparation of medicine - decoction of Citraka [14]

To avoid any untoward effects, the Kvatha (decoction) was
prepared on the same day. Forty-eight gm (1 pala) each of coarse
powder of detoxified root of both Citraka species was taken, to
which 16 times of water (768 ml) was added, then heated over
mandagni, reduced to 1/8 quantity (96 ml) and filtered with a clean
cloth.

2.4. Chemicals

Paracetamol (Dolo 650) was purchased from Micro Labs Ltd,
Kumbalgodu Industrial Area, Bangalore. Silymarin (Silybon—70)
was supplied by Micro Labs Ltd, Solan, Himachal Pradesh. All the
reagents used in the experiment were of analytical grade and were
bought from different firms.

2.5. Animals

Male albino rats (Wistar) with an average weight of
150—250 g were selected randomly for the study. They were
obtained from animal house attached to S.D.M Centre for
Research in Ayurveda and Allied Sciences, Udupi, Karnataka.
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They were maintained on feed of “Sai Durga feed and food,
Bangalore” and tap water was given ad libitum. The animals
were kept at controlled condition i.e., temperature (25 + 2 °C)
and humidity (50 + 5%) and animals were exposed to natural
day and night cycles. The experiments were carried out in
conformity with the Institutional Animal Ethics Committee
(IAEC) and after obtaining its permission (IAEC approval no:
SDM-CRA/IAEC/AM-DG-19).

2.6. Dose fixation

The dose of the drugs, vehicle, and toxicants were calculated by
extrapolating the therapeutic dose of human to rat dose on the
basis of surface area ratio by referring to the table of Paget and
Barnes [15].

2.7. Grouping

The animals were divided into 5 groups of six rats each (n = 6).

Group I Vehicle treated: Animals received tap water.

Group II Paracetamol treated: Animals received paracetamol
(3 g/kg, p.o.), 0.5% gum acacia and distilled water.

Group III Standard drug treated: Animals received Silymarin
(50 mg/kg, p.o.) in addition to paracetamol.

Group IV Test drug 1: Animals received decoction of P. rosea L.
(Rakta Citraka), TED (4.32 ml/kg, p.o.) in addition to paracetamol.

Group V Test drug 2: Animals received decoction of P. zeylanica
L. (Sveta Citraka), TED (4.32 ml/kg, p.o.) in addition to paracetamol.

2.8. Treatment protocol

The test drugs (1 and 2) and standard drug were administered
orally for 7 consecutive days and on the 7th day, one dose of the
toxicant (paracetamol) was given orally to each group, except the
water control group 1 h after test drug administration. The blood
was taken after 48 h of toxicant paracetamol administration and
sent for biochemical investigations. All the animals were sacri-
ficed by cervical dislocation. Important organs like liver, heart,
and kidney were dissected out, cleaned to remove extraneous
tissues, blotted to remove blood stain and weighed. A piece of
liver tissue was preserved in 10% formalin for histopathological
processing.

2.9. Statistical analysis

The data were expressed as mean + standard error of the mean
(SEM) of 6 animals per group. In the present study, parametric One-
way Analysis of Variance (ANOVA) test was performed using
GraphPad Prism 5.0. The minimum level of significance was iden-
tified at p < 0.05 with Dunnet's multiple 't’ test as post hoc test.

3. Results
3.1. Gross observations in hepatoprotective study

All the animals were seen healthy and did not show any de-
viation from normal activities or behavior. The liver collected
from Group I (normal control) was bright red in colour and Group
II (paracetamol control) was pale red in colour and was enlarged
in size. The liver collected from Group Il (standard drug), IV
(P. rosea L.) and V (P. zeylanica L.) were slightly enlarged and red
in colour.
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Fig. 1. - P. zeylanica L. Fig. 2. - P. rosea L.

(Rakta Citraka)

(Sveta Citraka)
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Fig 1 and 2. P. zeylanica L. and P. rosea L. comparison w.r.t (a) whole plant, (b) inflo-
rescence, and (c) roots.

3.2. Serum biochemical parameters

The detailed effect of test drugs on serum enzymatic activity in
paracetamol-induced liver damage in rats is elucidated clearly by
Table 1.

3.3. Ponderal changes

The summarized results of ponderal changes are shown in
Table 2.

Table 1
Effect of test drugs on serum bio—chemical parameters.
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3.4. Histopathology

Histopathological evaluation of livers of rats in normal control,
paracetamol control, and treatment groups is depicted in Figs. 3—7.

4. Discussion

Even though Citraka (P. rosea L. and P. zeylanica L.) is not placed
in the poisonous plant category, Ayurveda, the traditional system of
medicine of India, advocated sodhana (detoxification) for this drug.
Citraka contains plumbagin as the chief chemical constituent
belonging to the class naphthoquinone, which is responsible for its
corrosive effects. The 50% lethal dose (LD50) of plumbagin for the
acute and sub-acute toxicity testing were 250 and 50—100 mg/kg
body weight, respectively [16]. During detoxification process, using
Curnodaka (lime water - CaC03), excess of plumbagin diffuses into
the Curnodaka [17].

Paracetamol (acetaminophen)is used globally for its analgesic and
antipyretic properties; however, it causes acute liver damage if
administered in overdose. The toxic effect of paracetamol on the liver
is not only from paracetamol, but also from its metabolite N-acetyl P
benzo quinoneimine (NAPQI) also known as N-acetyl limidoquimone.
NAPQI depletes the liver's natural antioxidant glutathione and
directly damages liver cells, leading to liver failure. Paracetamol is a
direct hepatotoxin i.e., intoxication is dose-dependent and repro-
ducible. Exposure of animals to higher doses produces centrilobular
or massive hepatic necrosis followed by congestion and failure. The
necrosis is also associated with damage to sub-cellular organelles.
Thus, the drug is used as a typical hepatotoxin to produce hepatic
injury experimentally [18,19]. The review of literature proved that the
level of serum enzymes such as SGOT, SGPT and ALP gets elevated in
paracetamol-induced hepatotoxicity.

In the present study also, similar elevation was observed. In-
crease in the levels of these marker enzymes in serum indicate
damage to the liver cells. The standard drug Sylimarin, and the
decoction of the two Citraka species viz., P. rosea L. and P. zeylanica L.
significantly decreased the paracetamol-induced elevated levels of
the enzymes in the treatment group, indicating regeneration of
damaged liver cells or enhancement of structural integrity of hep-
atocytic cell membrane by the trial drugs. In the present study, a
very significant elevation of SGOT level was observed in
paracetamol-treated rats. It was found that both the test drug
groups (1 and 2) and the standard group showed very significant
decrease in the SGOT. The reversal percentage of test drug 1
(P. rosea L. - 49.84%) was even greater than that of Silymarin
(44.22%), whereas test drug 2 (P. zeylanica L.) showed 42.20%. This

SL.  BIOCHEMICAL PARAMETERS PARACETAMOL STANDARD DRUG (Silymarin) TEST DRUG 1 (P. rosea L.) TEST DRUG 2 (P. zeylanica L.)
NO CONTROL

MEAN + SEM % Change  MEAN + SEM % Change MEAN + SEM % Change MEAN + SEM % Change
1 SGOT (IU/1) 23727 +£27.21** 91.581@  132.33 + 7.93** 44.22 | # 119 + 7.95%* 4984 |# 13712 +17.30%* 4220 )#
2 SGPT (IU/1) 223.12 + 22.68** 318.021@ 94 + 9.63** 57.87 | # 74.33 + 441** 66.68|#  64.87 + 2.78** 70.92 | #
3 ALKALINE PHOSPHATASE (IU/l) 637 + 50.71* 46.971@ 476 + 45.99 2527 |# 514.83 + 16.57 19.17|#  450.75 + 50.10 *20.23 | #
4 SERUM SUGAR (mg/dI) 95.75 + 6.29 425|@ 144.37 + 8.11** 50.781# 145.5 + 6.29** 51.951# 137.62 + 11.81*%*  43.721#
5 TOTAL PROTEIN(g/dI) 6.47 + 0.53 2.991@ 6.71 + 0.07 3.661# 6.36 + 0.18 1.74 | # 6.88 +0.21 6.361#
6 SERUM ALBUMIN(g/dl) 4.12 + 0.07 2171@ 3.66 + 0.04** 11.22 | # 3.71 + 0.09** 10.011# 3.7 + 0.09** 1030 #
7 SERUM GLOBULIN(IU/I) 2.35+0.54 4441@ 3.05+0.10 29.781# 2.65 +0.23 12.761# 318 +0.24 35321#
8 TOTAL BILIRUBIN (mg/dl) 0.47 + 0.02** 1351@ 0.32 + 0.04* 31.91)# 0.15 + 0.01** 68.08.#  0.28 + 0.06** 4042 | #
9 DIRECT BILIRUBIN (mg/dl) 0.25 + 0.01** 257.141@ 0.15 + 0.02** 40.00 ) # 0.06 + 0.02%** 76.00#  0.10 + 0.03** 60.00 | #
10 SERUM UREA (mg/dl) 42.85 + 2.45%* 28401@  39.33 + 1.83%** 8.21# 36.16 + 1.32 1561|# 35+ 1.71* 1831 #
11 SERUM CREATININE (mg/dl) 0.58 + 0.02 14.641@  0.52 + 0.02 10.56 | # 0.56 + 0.01 426 # 0.57 +0.02 2.04 | #
12 SERUM CHOLESTEROL (mg/dl)  81.62 + 4.53 19.811@  80.25 +5.79 77.64 | # 78.25 + 6.43 413 | # 87.75 + 445 7.5014#
13 SERUM TRIGLYCERIDES (mg/dl) 28.12 +5.78 31.83]@ 42.12 +13.03 49.771# 26.37 + 5.16 6.22 | # 70.28 +9.25 1.491#

Data: MEAN =+ SEM, **P < 0.01 *P < 0.05 ** - Very significant * - Significant @ - compared with normal control # - compared with paracetamol control.
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Table 2

Effect of test drugs on ponderal changes.
SL. NO PONDERAL INDEX PARACETAMOL CONTROL STANDARD (Silymarin) TEST DRUG 1 (P. rosea L.) TEST DRUG 2 (P. zeylanica L.)

MEAN + SEM % Change MEAN + SEM % Change MEAN + SEM % Change MEAN + SEM % Change

1 BODY WEIGHT (gram) —6.78 + 1.26** 52641 ,@ 2.39 + 2.15%* 135.251# 1.95 + 0.17** 128.761# 1.64 + 0.05** 124.181#
2 LIVER WEIGHT (gram) 9.54 + 0.38* 2230t@ 10.12 + 0.64 6.071# 8.82 + 0.50 7.54 | # 9.71 £ 0.23 1.781#
3 HEART WEIGHT (gram) 1.14 + 0.04** 34.111@ 1.05 + 0.04 7.89# 1.01 £ 0.06 1140 # 1.06 + 0.05 7.01#
4 KIDNEY WEIGHT (gram) 231 +0.17%* 48.071@ 2.20 £ 0.22 476 | # 2.01 +£0.09 12.98 | # 2.02 +0.09 1212 #

Data: MEAN =+ SEM, **P < 0.01 *P < 0.05 ** - Very significant * - Significant @ - compared with normal control # - compared with paracetamol control.

proves that the efficacy of test drug 1 (P. rosea L.) is more than test control group. It was found that test drug 1, 2 and standard drug
drug 2 (P. zeylanica L.) as an anti-hepatotoxic drug. Similarly, a very group showed very significant decrease in SGPT. Hence, both the
significant increase of SGPT level was observed in paracetamol test drugs are effective in reducing the elevated SGPT level also. The

Photomicrograph of histopathological section of liver
Fig. 3. - Normal control

3b-NC2
. 4. - Paractamol control

6b -TD1 2

Fig 3—7. Photomicrograph of histopathological section of liver for normal control (3a—3c), paracetamol control (4a—4c), Standard (5a—5c), Test drug 1 (6a—6c), and Test drug 2 (7a—7c).
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ALP level was found to be significantly increased in paracetamol
control group in comparison to the normal control group. In Sily-
marin group, a non-significant decrease was observed compared to
paracetamol control group. Test drug 1 showed a non-significant
decrease in serum ALP level in comparison to paracetamol con-
trol group, whereas test drug 2 showed significant decrease. It
might be due to the cytoprotective activity of the test drugs and
showed its effect as an anti-hepatotoxic drug.

Decrease in the total and direct bilirubin after treatment with
trial drugs indicated the effectiveness of decoction in the normal
functional status of the liver. The total bilirubin was observed to be
very significantly decreased in both test drug groups (1 and 2). The
reversal percentage of test drug 1 (68.08%) was even greater than
that of Silymarin (31.91%), whereas test drug 2 showed 40.02%. This
proves that the efficacy of test drug 1 (P. rosea L.) is more than test
drug 2 (P. zeylanica L.) as a hepatoprotective drug. In the case of
direct bilirubin, the reversal percentage of test drug 1 (76%) was
even greater than that of Silymarin (40%), whereas test drug 2
(P. zeylanica L.) showed 60%. This also proves that the efficacy of test
drug 1 (P. rosea L.) is more than test drug 2 (P. zeylanica L.) as an
anti-hepatotoxic drug.

The histopathological report of normal control group showed
observations such as lobular arrangement of liver tissue. Each
lobule consists of a central vein and portal triads along the pe-
riphery of lobules. Numerous sinusoids pass radially from the
central vein and the spaces between the sinusoids contain liver
cells which can be correlated with normal tissue architecture.
Paracetamol control group revealed severe and extensive necrosis
with fatty degenerative changes, inflammatory cell infiltration
around the vessels, central vein dilatation, presence of cells
exhibiting apoptopic changes, and hemorrhage streaks which can
be connected with moderate to severe degeneration. Standard drug
treated group showed mild inflammation around vessels. Some rat
sections showed normal tissue architecture. One rat section
showed severe patchy necrosis. Regenerative features like nuclear
enlargement seen in some rat sections which can be correlated
with mild changes to good protection in majority of the rats. Report
of P. rosea L. treated group revealed mild inflammation in few rat
sections. Few sections showed vein dilatation whereas few sections
did not show any dilatation. Mild necrosis was seen in some rat
sections. Regenerative changes like nuclear enlargement, nuclear
hyper-chromatism were seen in some sections. Some rat sections
showed normal tissue architecture. Fatty degeneration was seen in
some sections which can be correlated with degenerations less
severe than positive control and inflammation much reduced
compared to positive control. P. zeylanica L. treated group revealed
fatty degeneration and vein dilatation seen in some rat sections.
Regenerative activity was seen in some sections. Sinusoidal dila-
tation was also seen in most of the sections which can be connected
with degenerative changes, but to a lesser extent than positive
control. Regenerative activity was also seen. Both the test drugs
(P. rosea L. and P. zeylanica L.) were effective in histopathological
level. On analyzing the report T1 (P. rosea L.) showed more thera-
peutic action than T2 (P. zeylanica L.).

4.1. Probable mode of action of drug

According to Bhavaprakasha Samhita [20] of Bhavamishra,
though there is a difference in position of the organs, the aetiology
and pathogenesis of Yakrt and Pliha vikaras are the same. In Yakrt
vikaras, the rakta dhatu and kapha dosa become vitiated causing
symptoms like loss of weight, low-grade fever, loss of appetite and
reduced immunity. The predominant sign and symptoms are that of
deranged kapha and pitta. Hence, the drug chosen for the treatment
of Yakrt vikaras should effectively manage vitiated kapha and pitta.
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Citraka pacifies kapha dosa because of katu rasa and vipaka; the
ushna virya does dipanapacana karma, correcting agni and pitta. The
tikshna guna initiates srotosuddhi. The rasayana property of Citraka
rectifies dhatu kshaya. According to Nighantu Ratnakara, Citraka is
said to be Yakrutrogahara. In this manner Citraka corrects the
nidana, samprapti of Yakrt vikaras. Research studies proved that, the
secondary metabolites present in P. rosea L. and P. zeylanica L. (al-
kaloids, triterpenes, sterols and zeylonone) enhances mono-
oxygenase enzyme present in the liver, which enables the
hepatoprotective activity.

5. Conclusion

The present study concedes that the test drugs (T1 - P. rosea L.
and T2 - P. zeylanica L.) were having a comparable hepatoprotective
activity with that of Silymarin. The trial drugs have helped in
balancing the biochemical parameters studied almost as efficiently
as the standard drug. On scrutinizing the biochemical parameters
and histopathological data, it was concluded that the decoction
from detoxified root of P. rosea L. has more therapeutic action than
P. zeylanica L.
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