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ABSTRACT
Background: Exacum lawii  (Gentianaceae), a bitter herb conventionally 
used in kidney diseases and eye problems, endemic to the Western coast 
and Southern part of India. Aim: Folklore reports encourage the author to 
explore the nephroprotective effect of the standardized ethanolic extract 
of E. lawii against cisplatin‑induced renal toxicity in the rat to scientifically 
validate its traditional use. Materials and Methods: Ethanolic extract of 
the whole plant of E. lawii was standardized with swertiamarin (secoiridoid 
glycoside) using high‑performance liquid chromatography and tested for 
subacute toxicity according to the OECD guidelines. Nephroprotective 
potential at different doses of extract was evaluated against cisplatin 
(6  mg/kg, intraperitoneal) in experimental rats. The changes in serum 
renal toxicity markers, renal tissue oxidative stress biomarkers, and 
proinflammatory cytokines level were measured. To estimate the change in 
oxidative status of renal tissues, DNA and single viable cells were isolated 
from treated rat kidney, DNA fragmentation assay and flow cytometric 
analysis of reactive oxygen species (ROS) were performed. Histopathology 
of renal tissues was also examined. Results: Swertiamerin was found to be 
119.59 mg/g of extract. Administration of E. lawii extract (ELE) restored the 
biochemical parameters. It also decreases the elevated proinflammatory 
cytokines level in kidney tissues and protected rat kidneys from oxidative 
stress in rats. Nephroprotective activity was validated by estimating ROS 
production in kidney live cells and DNA damage in kidney tissue. The 
histological architecture was also conserved. Conclusion: ELE showed 
significant renal protection against cisplatin through reducing oxidative 
stress and inflammation.
Key words: Cisplatin, DNA fragmentation assay, Exacum lawii, 
flow‑cytometric analysis, nephroprotective, swertiamerin

SUMMARY
•  High‑performance liquid chromatography standardisation of Exacum lawii 

extract with Swertiamerin and its subacute toxicity study
•  Nephroprotective activity of Exacum lawii extract and Swertiamerin was 

evaluated in cisplatin‑induced model and justified by various biochemical 
parameters and histopathological study

•  Role of oxidative stress in cisplatin‑induced nephrotoxicity was confirmed by 
measuring levels of antioxidant markers and proinflammatory cytokines in 

rat renal tissues, ROS estimation by flow cytometry and DNA fragmentation 
assay by gel electrophoresis in renal cells.

Abbreviations used: ELE: Exacum lawii ethanolic extract; 
WHO: World Health Organization; SOD: Superoxide dismutase; 
CAT: Catalase; MDA: Malondialdehyde; HPTLC: High performance thin 
layer chromatography; p.o.: Per oral; i.p.: Intraperitoneal; TNF‑α: Tumor 
necrosis factor alpha; IL‑1β: Interleukin 1 beta; 
IL‑6: Interleukin 6; ROS: Reactive oxygen species.
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INTRODUCTION
The name Exacum was first used by Linnaeus.[1,2] The genus 
Exacum (Gentianaceae, tribe Exaceae) consists of 64 species distributed 
across paleotropical regions including Africa, Madagascar, Socotra, 
Himalayas, Arabian Peninsula, India, Sri Lanka, Southern China 
and Malaysia, and Northern Australia.[3] Exacum lawii C.B. Clarke in 
Hook species of genus Exacum is small herb commonly distributed 
in the Western peninsula, Western coast region of India, Mysore and 
Coimbatore and Southern part  India. It is endemic to Jarandeshwar 
hill from Satara district, Maharashtra and Western Ghat of Karnataka. 
The common English name is Law’s Persian violet. It is locally 
known as Lahan chirayata in Maharashtra, Manali in Malayalam, 
Marukozhunthu in Tamil. The plant is an annual, glabrous, small erect 

herb rarely reaching 15 cm tall. Flowers are bluish‑purple. The whole 
plant possesses the medicinal property and has been used as folk 
remedy for the treatment of kidney disorders, eye diseases and also 
used as a laxative.[4‑9] The presence of alkaloids, flavonoids, and steroids 
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was reported in E. lawii.[10] However, extensive literature survey results 
in less or no information for the ethnopharmacology of E. lawii, the 
plant was selected for the present study to scientifically validate the 
nephroprotective effect of E. lawii.
The prevalence of cancer is constantly not only increasing with 
radiotherapy and chemotherapy are established therapeutic interventions 
but also associated with several side effects. Kidneys are the major targets 
for the toxic effects of various chemical agents. Nephrotoxicity is a 
very common toxic effect when the body is exposed to drugs or some 
toxins. It results in failure to filter excess urea and excess of nitrogenous 
compounds and creatinine that leads to uremia. There is no specific 
therapy for acute renal failure, only the supportive care is necessary 
for renal function restoration. It can only be prevented by avoidance 
of nephrotoxic substances, maintenance of adequate hydration and 
perfusion.[11‑13]

Cisplatin  (cis‑diamminedichloroplatinum‑II, CP) is a 
platinum‑containing alkylating‑like agent and most widely used to treat 
a variety of malignancies. However, cisplatin at its high dose is restricted 
by various significant side effects such as bone marrow suppression, 
peripheral neuropathy, ototoxicity, anaphylaxis, and nephrotoxicity. 
Approximately one‑third of the patients develop nephrotoxicity after a 
single dose of cisplatin (50–100 mg/m2).[14,15]

Cisplatin is taken up through passive diffusion and also through 
organic cation transporter‑2 and get accumulated in highest 
concentrations in S3 segment of proximal tubular cells of the outer 
medulla and inner cortex.[16,17] Direct tubular toxicity, vascular 
factors, inflammation, and oxidative stress are the resultant outcome 
of cisplatin‑induced nephrotoxicity. Inflammatory cytokines and 
reactive oxygen species (ROS) play an important role in pathogenesis 
of cisplatin‑related nephrotoxicity. Reportedly, cisplatin‑induced renal 
toxicity has been correlated with proinflammatory cytokines such 
as tumor necrosis factor‑alpha  (TNF‑α), interleukin‑6  (IL‑6), and 
IL‑1beta (IL‑1β).[18‑22]

Within the cell, cisplatin is converted into a highly reactive form 
rapidly reacting with thiol‑containing antioxidant molecules such 
as glutathione  (GSH). Generation of ROS, accumulation of lipid 
peroxidation (LPO) products in kidneys, and suppressed antioxidant 
systems are thought to be major mechanisms of cisplatin‑induced 
kidney toxicity. ROS affect cell function by directly acting on cell 
components, including lipids, protein, and DNA, and destroying their 
structure. Therefore, it may be etiologically involved in renal disorder 
and many tissue disorders. In cells, ROS are produced through the 
xanthine–xanthine oxidase system, mitochondria, or NADPH 
oxidase.[14,23‑30]

The proinflammatory character of cisplatin‑induced acute kidney 
injury  (AKI) and secretion of various cytokines such as IL‑1β and 
IL‑6 has been documented.[31] Furthermore, TNF‑α knockout mice 
were resistant to cisplatin nephrotoxicity and TNF‑α inhibition, have 
also been reported to be protective against cisplatin‑induced AKI.[19,32] 
In aerobic cells, ROS are generated as an outcome of the normal 
mitochondrial activity. During altered cellular redox state, ROS 
production is not controlled, it can cause severe damage to cellular 
macromolecules, especially the DNA. Nucleosomal fragmentation 
of DNA is a distinctive feature of apoptosis  (programmed cell 
death).[33,34]

The aim of the present study is to evaluate the nephroprotective activity 
of E. lawii and scientifically validate its traditional use by measuring 
proinflammatory cytokines level and antioxidant parameters, ROS 
analysis through flow cytometry, DNA fragmentation assay through gel 
electrophoresis and histopathological examination.

MATERIALS AND METHODS
Plant authentication and extraction process
The fresh plant samples were collected in the year of 2015 in the month 
of August–October from Mahabaleshwar, Maharashtra, India. The plant 
was identified and authenticated by Dr.  N. M. Dongarwar, Assistant 
Professor, Department of Botany, Rashtrasant Tukadoji Maharaj Nagpur 
University, India. A voucher specimen (Cog/EL/2014‑15) was deposited 
for future reference in Pharmacognosy laboratory of Department 
of Pharmaceutics, Indian Institute of Technology  (Banaras Hindu 
University), Varanasi, India. The plants were freshly collected, thoroughly 
washed and shade dried for 1 week at temperature not exceeding 60°C 
to prevent the deactivation of thermo labile phytoconstituents. The dried 
plant was coarsely powdered using mechanical grinder, passed through 
sixty mesh sieve size, and stored at room temperature until extraction. 
The powdered drug  (1000 g) was defatted with petroleum ether 
(60–80°C) and exhaustively extracted by cold maceration using 95% 
ethanol (3 L v/v) as solvent. The E. lawii extract (ELE) was filtered and 
concentrated to 50 ml under vacuum rotary evaporator (IKA Germany) 
and stored in desiccator until use.

Animals
The certified pathogen‑free healthy Charles Foster albino male and 
female rats (150–250 g) were procured from the Central Animal House 
(Reg. No.  542/02/ab/CPCSEA), Institute of Medical Sciences, Banaras 
Hindu University, Varanasi, India. Animals were housed in polypropylene 
cages and maintained under standard conditions (12 h light and dark cycles 
at an ambient temperature of 25°C and 45%–55% relative humidity). Rats 
were permitted for free access to water and standard feed. The animals 
were allowed to acclimatize to the laboratory environment for 7  days 
before the commencement of experiments. All experimental protocols 
were approved by the Central Animal Ethical Committee of Banaras 
Hindu University (No. Dean/2015/CAEC/1132) and were conducted 
in accordance with accepted standard guidelines of National Institutes 
of Health Guide for Care and Use of Laboratory Animals (Publication 
number 85‑23, revised 1985).

Preliminary phytochemical screening
The ethanolic extract of E. lawii was screened for various phytoconstituents 
using phytochemical tests and thin layer chromatography  (TLC). The 
total phenolic content and flavonoid content were measured.[35,36] The 
amount of vitamins  (C and E) was determined using association of 
official analytical chemists methods.[37] The presence of swertiamerin 
in the extract was ensured by TLC along with the standard of 
swertiamarin  (Natural remedies Pvt. Ltd.,) using solvent system ethyl 
acetate:methanol:water (7.7:1.5:0.5).[38]

Standardization of extract using high‑performance 
liquid chromatography
The ELE was standardized with Swertiamerin as standard. 
High‑performance liquid chromatography  (HPLC) analysis was 
carried out using Waters 1500‑series pump  (Milford, MA, USA) 
attached to Waters 2998 photodiode array detector and data were 
analyzed by waters Breeze software (Waters, USA). The mobile phase 
was filtered through a 0.45 μm membrane filter using solvent filtration 
apparatus  (Millipore, USA). Samples for HPLC analysis were also 
filtered through a 0.45 μm membrane filter  (Waters, USA). Analysis 
of the samples was carried out in Column LiChroCART® 250‑4 C18 
column and methanol‑water (1:1) were used to get better separation, 
peak shape, and resolution at UV 238 nm and thus used for further 
analysis. The chromatographic conditions were as follows: flow 
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gradient started with flow rate of 0.5  mL/min. At 4.9  min, the flow 
rate was increased to 0.8 mL/min the flow rate was then increased to 
1.0 ml/min at 5.1 min. The flow rate was kept constant up to 5.4 min and 
then finally decreased to 0.5 ml/min, restoring the initial conditions 
at 8  min. Detector’s wavelength was 238  nm and the injection 
volume was 10 μl. The best baseline separation (peak purity  >95%) 
for swertiamarin was achieved at 238  nm also reported earlier. 
Swertiamarin was found to show maximum absorption at λmax 238 nm 
in three‑dimensional ultraviolet absorption spectra using photodiode 
array detector.[39]

Repeated dose 28‑day oral toxicity study
Repeated dose 28‑day oral toxicity study in experimental rats was 
performed according to OECD test guideline 407. Nulliparous and 
nonpregnant five female and five healthy male rats were taken in each 
group. The first group was taken as control group, given with 0.5  ml 
normal saline. Second, third and fourth group were administered 
with ELE at dose of 1000 mg/kg, per oral  (p.o.), 2000 mg/kg, p.o. and 
4000 mg/kg, p.o. to overnight fasted rats. The observation was conducted 
individually for any neurological and behavioral changes such as 
tremors, convulsions, diarrhea, salivation, sleep, feeding, and lacrimation 
behavior as a sign of acute toxicity for 48  h. Mortality and morbidity 
were observed daily for 28 days. Delayed occurrences and reversibility, of 
signs of toxicity, were distinguished, for at least 14 days post‑treatment. 
Preclinical signs, body weight, and organ weight of different groups were 
compared with control. Further blood was collected by retro‑orbital 
bleeding under anesthesia to estimate hematological parameters by 
mythic 18 hematology analyzer and biochemical parameters using span 
diagnostic Ltd.,

Dose standardisation of cisplatin
To standardize the dose of cisplatin for induction of nephrotoxicity in 
rats, three groups having six rats in each group were taken. Cisplatin 
in sodium chloride 0.9%  w/v  (Cytoplatin‑10, Cipla) at a dose of 4, 6, 
and 8  mg/kg was administered intraperitoneal to rats in each group. 
After 72  h of cisplatin administration, blood was collected through 
retro‑orbital venous plexus under light anesthesia. Serum urea and 
creatinine level were determined using standard kits (Erba Diagnostics 
Mannheim, Germany).

Drug treatment protocol
To evaluate the nephroprotective effect of ELE on cisplatin‑induced 
nephrotoxicity, rats were randomly divided into six groups of six 
animals each. The ELE was suspended in 0.5% carboxymethyl 
cellulose (CMC) and given by oral administration (p.o.) to rats. Cisplatin 
was freshly prepared in normal saline  (0.9% NaCl) and administered 
by intraperitoneal  (i.p.) injection. The doses of ELE were selected as 
one‑tenth of the safe dose from acute toxicity study. Different doses of 
ELE and swertiamerin  (20  mg/kg, p.o.)[40] were given for total 7  days 
to respective groups and cisplatin (6 mg/kg, i.p.) was administered on 
the 4th day of the treatment. Finally on 7th day, rats were euthanized by 
method of cervical dislocation to collect blood and harvest kidneys for 
measuring various parameters  (renal function test, liver function test, 
antioxidant parameters, and proinflammatory cytokines level), ROS 
analysis in single viable cells of treated kidney, DNA fragmentation 
assay to assess the degree of DNA damage in kidney cell and histological 
studies.
•	 Group I (normal control): Vehicle (aqueous solution of 0.5% CMC) 

for 7 consecutive days and 0.9% NaCl on the 4th day
•	 Group II (toxic control): Vehicle (aqueous solution of 0.5% CMC) 

for 7 consecutive days and cisplatin (6 mg/kg, i.p.) on the 4th day

•	 Group  III: ELE  (100 mg/kg, p.o.) for 7 consecutive days and 
cisplatin (6 mg/kg, i.p.) on the 4th day

•	 Group  IV: ELE  (200 mg/kg, p.o.) for 7 consecutive days and 
cisplatin (6 mg/kg, i.p.) on the 4th day

•	 Group V: ELE  (400 mg/kg, p.o.) for 7 consecutive days and 
cisplatin (6 mg/kg, i.p.) on the 4th day

•	 Group VI: Swertiamerin (20 mg/kg, p.o.) for 7 consecutive days and 
cisplatin (6 mg/kg, i.p.) on the 4th day.

Determination of biochemical parameters in serum
Enzyme assay kits were purchased from span diagnostic Ltd., Serum 
urea[41] and serum creatinine[42] had been measured using blood urea 
nitrogen method and modified rate Jaffe’s kinetic method by autoanalyzer. 
Serum glutamic oxaloacetic transaminase, serum glutamic pyruvic 
transaminase,[43] total protein,[44] total bilirubin and direct bilirubin,[45] 
and alkaline phosphate[46] had been also analyzed according to standard 
methods using the auto analyzer.

Determination of antioxidant parameters in renal 
tissue homogenate
Minced kidney tissues were homogenized in 0.1 M potassium phosphate 
buffer (pH‑7) with the protease inhibitor. Obtained homogenates (10% w/v) 
were centrifuged (10,000 ×g) at 4°C for 20 min and used for detection 
of antioxidant parameters. LPO levels had been determined in terms 
of thiobarbituric acid reacting substance and expressed as equivalent to 
malondialdehyde (MDA) using 1’1’3’3’‑tetramethoxypropane as standard 
MDA.[47] Superoxide dismutase (SOD) had been estimated in terms of the 
capacity to inhibit the reduction of nitro blue tetrazolium by superoxide, 
generated in the presence of riboflavin in reaction system through a 
photosensitive reaction,[48] Catalase  (CAT) activity had been expressed 
from the rate of decomposition of H2O2 at 240 nm with the addition of 
tissue homogenate[49] and reduced GSH level was calculated in terms of 
protein‑free sulfhydryl content using 5,5‑dithiobis‑2‑nitrobenzoic acid.[50]

Determination of proinflammatory in renal tissue 
homogenate
Cisplatin accumulation in kidney tissues led to the generation of 
proinflammatory cytokines due to toxicity induced and had been 
investigated by measuring levels of TNF‑α, IL‑6 and IL‑1β on 
homogenized renal tissues using ELISA kit  (Komabiotech, Korea). 
Standard and detection antibodies provided were reconstituted in sterile 
water. Serial dilutions of standard and samples were prepared. Selected 
wells in microplate were washed with washing solution. A  volume of 
100 ml of samples and standard were added to wells followed by addition 
of diluted detection antibody after incubation. Color was developed 
with the addition of color development enzyme and color development 
solution. Finally, absorbance was measured using microplate 
reader (BioTek Instruments Inc., USA).

Renal single cell preparation
Rats were anesthetized with diethyl ether and sacrificed. Kidneys 
were isolated washed with 1X phosphate‑buffered saline  (PBS) and 
minced into small pieces with fine scissor. The minced tissues were 
transferred in 20 ml of 0.1% Type IV collagenase in 1X PBS solution 
and placed in a 37°C CO2 incubator for 2  h. The cell suspension 
was passed through cell strainer  (40 μm mesh size). The cells were 
centrifuged at 3000  rpm for 10  min, 3  times. The supernatant was 
discarded, and the pellet was suspended in FAC sheath to perform 
flow cytometric analysis.
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Reactive oxygen species measurement by flow 
cytometry
FACS Calibur flow cytometer (BD Bioscience) in conjunction Cell‑Quest 
Pro software was used for flow cytometry. 20 µM of 2’,7’‑dichlorofluorescin 
diacetate  (Sigma) was added to the renal single cell suspension and 
incubated in dark for 15 min at 37°C. Fluorescence intensity was acquired 
at FL1 channel with BD FACS calibur  (BD Biosciences). 10,000 events 
were taken and Cell Quest Pro software  (Becton Dickinson, Franklin 
Lakes, New Jersey, USA) was used for analysis.

Qualitative DNA fragmentation assay
Rat kidneys were washed with 1X PBS, minced tissues were homogenized 
with 1X PBS buffer. Obtained homogenate were centrifuged 5  times at 
3000 rpm for 10 min at room temperature, and the supernatant was discarded 
to remove cell debris and red blood cells. The cells were lysed in 50 µl of 
lysis buffer containing 50 mmol/l of Tris–HCl  (pH 8.0) and 0.5% sodium 
dodecyl sulfate and incubated for 30 min at 37°C. The cell pellet was stirred 
with a wide‑bore pipette tip to ensure uniform mixing of cells, followed by 
the addition of 2 μl of 10 mg/ml DNAase free RNase (Thermo scientific™) 
and incubated for 2 h at 37°C. Samples were further appended with 5 µl of 
Proteinase K (Thermo scientific™) solution and incubated at 50°C for 90 min. 
The precipitated DNA was dissolved in a 20 μl of Tris‑EDTA buffer  (1X) 
and quantified spectrophotometrically as described previously. An equal 
concentration of DNA was resolved on 1% agarose gel stained with ethidium 
bromide. The gel was viewed under UV light, followed by documentation 
using the Alpha Innotech system (San Leandro, California, USA).

Histopathological study
Isolated kidneys were washed with isotonic saline were fixed in 10% 
neutral buffered formalin for 48  h and embedded in paraffin wax. 
Sections  (5–6 µm thickness) had been made from paraffin blocks by 
microtome and stained with Periodic acid‑Schiff reagents and subjected 
to microscopic and imaging system (Nikon, Japan).[51]

Statistical analysis
The experimental data were expressed as mean  ±  standard error of the 
mean., with six animals in each group. Analysis of variance (ANOVA) was 
performed using one‑way ANOVA followed by Newman–Keuls multiple 
comparison test for determining the statistical significance between 
different groups. A difference in the mean values of P < 0.05 was considered 
to be statistically significant. Graph Pad Prism 5.0 software  (GraphPad 
software, Inc., La Jolla, CA, USA) was used for all statistical analysis.

RESULTS

Preliminary phytochemical screening
The ELE was found to be rich in phenolic compounds, flavonoids, and 
terpenoids. The total phenolic content (12.21 ± 0.58 mg GAE/g), total flavonoid 
content (21.86 ± 0.22 mg rutin/g) and total flavonol content (15.53 ± 0.05 mg 
rutin/g). Ascorbic acid was found to be 6.11 mg/100 g of air‑dried E. lawii 
powder. The Vitamin E content was 5.06 mg/100 g air‑dried E. lawii powder. 
The swertiamerin was detected at Rf = 0.35.

Standardization of extract using high‑performance 
liquid chromatography
Concentration of swertiamarin in the extract was calculated using 
standard curve obtained from standard swertiamerin compound. Mean 
retention time was of 1.3 min. The concentration of swertiamarin in ELE 
was found to be 119.59  mg/gm. Chromatogram of swertiamerin and 
extract is shown in Figure 1.

Repeated dose 28‑days oral toxicity study
Animals were observed throughout the period of 28  days of study, 
there were no signs abnormal preclinical conditions such as loss of 
consciousness, tremors, convulsions, irregular breathing, lethargy, 
aggression, diaphragmatic breathing, gait, licking, and piloerection 
were observed. It was observed that rats in each group were survived 
with a normal weight gain pattern until the termination of experiment. 
ELE  (1000  mg/kg, p.o., 2000  mg/kg, p.o., and 4000  mg/kg, p.o. per 
day) administration for 28 days causes no significant difference body 
weight, vital organ weight, biochemical parameters, and hematological 
when compared with the control group [Table 1]. The study established 
that the ELE is safe up to 4000 mg/kg, p.o. Therefore according to the 
OECD guidelines, one‑tenth of the safe dose of the extract was selected 
as a median pharmacological dose for further study, while the dose 
level of 100 mg/kg and 200 mg/kg were taken as to be lower and higher 
limits.

Dose standardization of cisplatin
Cisplatin  (4  mg/kg, i.p.) had not shown any significant 
elevation (P > 0.05) in urea and creatinine level after 72 h of cisplatin 
administration. Cisplatin at dose of 6  mg/kg, i.p. and 8  mg/kg, 
i.p. caused significant elevation  (P  <  0.05) in urea and creatinine 
concentration. Administration of cisplatin at the dose of 8  mg/kg, 
i.p., causes mortality  (one‑half) in a group of tested rats. Therefore, 
nephroprotective activity of ELE had been evaluated in rats treated 
with 6 mg/kg, i.p of cisplatin [Figure 2].

Effect of Exacum lawii extract on cisplatin‑induced 
nephrotoxicity
Cisplatin induces kidney injury markers such as serum urea and 
creatinine and also raises some biochemical markers. Pre‑  and 
post‑treatment with ELE (400 mg/kg, p.o.) and Swertiamerin (20 mg/kg) 
for 7 days was found to lower these markers significantly (P < 0.05) and 
balanced up to normal level as compared to control [Table 2].

Effect of Exacum lawii extract on antioxidant 
markers
The activity of SOD, CAT, and GSH content had decreased, whereas 
MDA level in cisplatin  (6  mg/kg, i.p.) treated rat was found be 

Figure  1:  (a) High‑performance liquid chromatography chromatogram 
showing peak of standard Swertiamerin,  (b) high‑performance liquid 
chromatography chromatogram of ethanolic extract of Exacum lawii 
showing peak of swertiamerin

b

a
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elevated might be due to increase in ROS in renal tissues. ELE 
(400 mg/kg, p.o.) and swertiamerin (20 mg/kg) treatment significantly 
inverted the changes in antioxidant enzymes in dose‑dependent 
manner (P < 0.05) [Table 3].

Effect of Exacum lawii extract on proinflammatory 
cytokines
The proinflammatory cytokines in rat kidney tissues were investigated 
in  vitro enzyme‑linked immunosorbent assay by measuring cytokine 
levels of TNF‑α, IL‑6, and IL‑1β on homogenized renal tissues using 
specific antibodies coated 96‑well plates. The level of TNF‑α, IL‑6, 
and IL‑1β in serum was found to be elevated in cisplatin‑treated rats. 
However, ELE (400 mg/kg, p.o.) and swertiamerin (20 mg/kg) treatment 

had reduced the expression of these proinflammatory molecules in the 
kidney tissues [Figure 3].

Flow cytometric measurement of reactive oxygen 
species
Flow cytometry analysis of intracellular ROS production by kidney 
cells of experimental rats after exposure to cisplatin. H2O2 treated 
kidney cells were taken as external control. Data for geometrical mean 
(Geo mean  ±  standard deviation) values of fluorescence intensities 
for each group from two independent experiments are represented in 
the Bar graph  [Figure  4]. Overlay histogram showed the fluorescent 
intensities of ELE  (400  mg/kg, p.o.), Swertiamerin  (20  mg/kg, p.o.), 
cisplatin (6 mg/kg, i.p.) treated, control, and unstained cells [Figure 5].

Table 1: Various parameters studied in repeated dose 28‑days oral toxicity study of Exacum lawii extract

Parameters Unit Treatment groups

Control 1000 mg/kg 2000 mg/kg 4000 mg/kg
Body weight g 246.67±4.9 244.17±5.3 244±3.16 242.34±3.07
Organ weights

Heart g 1.3925±0.02 1.40±0.05 1.38±0.05 1.39±0.07
Brain g 1.84±0.03 1.83±0.04 1.81±0.05 1.83±0.06
Liver g 4.82±0.42 4.63±0.36 4.83±0.28 4.61±0.23
Kidney (right) g 1.30±0.004 1.29±0.014 1.32±0.015 1.28±0.02
Kidney (left) g 1.23±0.037 1.24±0.019 1.25±0.05 1.27±0.014
Lungs g 0.65±0.038 0.64±0.052 0.66±0.061 0.65±0.049
Stomach g 1.63±0.054 1.61±0.04 1.62±0.079 1.63±0.033

Biochemical analysis in blood serum
Total protein g/L 7.41±0.203 6.97±0.17 7.43±0.21 7.34±0.05
SGOT U/ml 137.5±2.09 137.02±2.53 135.56±2.65 136.99±5.89
SGPT U/ml 67.36±1.7 65.46±2.74 65.12±1.76 65.14±1.99
Creatinine U/ml 0.35±0.018 0.35±0.015 0.36±0.024 0.37±0.02
Urea Mmol/L 48.26±1.7 50.405±2.18 47.63±1.87 49.19±1.69

Haematological parameters in blood serum
WBC ×109/L 7.8±0.2 8.06±0.23 7.95±0.27 8.1±0.23
RBC ×1012/L 5.52±0.15 5.8±0.17 6.34±0.18 6.7±0.14
Platelet ×109/L 747±9.2 761.67±9.25 752.5±5.18 763.5±9.49
Hb g/L 157.34±3.04 163.5±3.5 159.17±5.6 167.67±4.4
Hematocrit % 37.3±1.23 37.27±0.17 36.77±0.25 35.43±0.13
MCHC % 32.0±0.6 35.0±2.4 33.0±0.8 36±1.45

Values are mean±SEM (n=6). SEM: Standard error of mean; SGOT: Serum glutamic oxaloacetic transaminase; SGPT: Serum glutamic pyruvic transaminase; 
WBC: White blood cell; RBC: Red blood cell; Hb: Hemoglobin; MCHC: Mean corpuscular hemoglobin concentration

Figure 2: Effect of different doses of cisplatin on blood urea and creatinine concentration
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Qualitative DNA fragmentation assay
To further define the mechanism involved in cisplatin‑induced 
nephrotoxicity the DNA fragmentation assay against marker 
1  kb ladder was performed. Cisplatin administration led to DNA 

fragmentation. Cisplatin‑induced DNA breakage at multiple positions 
across chromosomal DNA may leads to apoptosis. Rats treated with 
ELE (400 mg/kg, p.o.) and Swertiamerin (20 mg/kg, p.o.) showed very 
less or no DNA fragmentation [Figure 6].

Table 2: Effect of different doses of Exacum lawii extract and swertiamerin on serum biochemical parameters in rats treated with cisplatin (6 mg/kg, i.p.)

Parameters Unit Control Toxic control ELE100 ELE200 ELE400 S20
Urea mg/dl 46.86±0.09 71.92±2.17a,e,f 70.22±2.3a,d,e,f 62.35±2.12a,b,e,f 49.05±2.5b,c,d 49.82±2.5b,c,d

Creatinine mg/dl 0.39±0.004 0.59±0.04a 0.58±0.027a 0.52±0.032a 0.40±0.05b,c 0.45±0.05b,c

SGOT IU/L 137.13±0.67 170.06±3.4a,e,f 160.15±7.92a,e 155.5±6.70 139.67±5.27b,c,d 142.83±5.56b

SGPT IU/L 65±4.97 88.05±3.42a,e,f 82.75±3.20a 80.7±3.74 68.88±4.36b 69.85±4.32b

TP g/dl 7.42±0.38 5.95±0.28a,e 6.0±0.41e,a 6.11±0.37a,e 7.6±0.37b,c,d 7.098±0.33
TB mg/dl 1.23±0.22 4.40±0.58a,f 4.45±0.77a,f 3.02±0.45 3.02±0.32 1.38±0.26b,c

DB mg/dl 0.42±0.04 1.08±0.02a,f 0.99±0.07a,f 0.75±0.07 0.39±0.16 0.46±0.17b,c

ALP IU/L 68.37±3.15 258.34±13.8a,e,f 253.34±8.61a,e,f 242±10.22a,e,f 72.67±5.7b,c,d 77.83±4.67b,c,d

Values expressed as means ± SEM (n=6) of 6 animals in each group. aP<0.05, comparing with normal control group; bP<0.05, comparing with toxic control group; 
cP<0.05, comparing with treatment group (ELE 100 mg/kg, p.o); dP<0.05, comparing with treatment group (ELE 200 mg/kg, p.o); eP<0.05, comparing with treatment 
group (ELE 400 mg/kg, p.o); fP<0.05, comparing with treatment group (S20 mg/kg, p.o). One‑way ANOVA followed by Newman‑Keuls Multiple comparison test. 
ELE: Exacum lawii extract; SGOT: Serum glutamic oxaloacetic transaminase; SGPT: Serum glutamic pyruvic transaminase; TP: Total protein; TB: Total bilirubin; 
ALP: Alkaline phosphate; DB: Direct bilirubin; ANOVA: Analysis of variance; SEM: Standard error of mean

Table 3: Effect of different doses of Exacum lawii extract and swertiamerin on renal tissue antioxidant enzyme levels in rats treated with cisplatin (6 mg/kg, i.p.)

Parameters Unit Control Toxic control ELE100 ELE200 ELE400 S20
CAT µmol H2O2 consumed/min/mg of protein 28.46±0.83 12.03±1.0a,e,f,d 13.49±0.93a,e,f 16.21±0.99b,a,e,f 27.0±0.87b,c,d 25.8±1.01b,d,c

LPO nmol MDA/g of tissue 24.58±2.3 61.93±7.91a,e,f 57.73±7.6a,e,f 44.67±7.9 26.32±8.12b,c 28.50±4.83b,c

GSH µg GSH per mg protein 264.2±27.64 123.2±36.8a,e,f 128.8±49.05a,e,f 195.6±18.26 262.0±17.7 269.2±20.3
SOD Units/mg protein 36.38±0.33 14.65±3.43a,e,f 18.07±1.86a,e,f 22.29±1.50a,e,f 37.15±0.55b,c,d 31.50±3.53b,c,d

Values expressed as means ± SEM (n=6) of 6 animal in each group. aP<0.05, comparing with normal control group; bP<0.05, comparing with toxic control group; 
cP<0.05 comparing with treatment group (ELE 100 mg/kg, p.o); dP<0.05, comparing with treatment group (ELE 200 mg/kg, p.o); eP<0.05, comparing with treatment 
group (ELE 400 mg/kg, p.o); fP<0.05, comparing with treatment group (S20 mg/kg, p.o). One‑way ANOVA followed by Newman‑Keuls multiple comparison 
test. CAT: Catalase; LPO: Lipid peroxidation; GSH: Glutathione; SOD: Superoxide dismutase; ANOVA: Analysis of variance; SEM: Standard error of mean; 
MDA: Malondialdehyde; ELE: Exacum lawii extract

Figure 3: Effect of different doses of Exacum lawii extract and Swertiamerin treatment on proinflammatory cytokines, interlukin 1β, interlukin 6 and tumor 
necrosis factor alpha in renal tissue of rats treated with cisplatin (6 mg/kg, i. p.). Values expressed as means ± SEM (n=6) of 6 rats in each group. αP<0.05, 
comparing with normal control group; γP<0.05, comparing with toxic control group.
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Histopathological study
Cisplatin treatment showed prominent alteration and loss in normal 
architecture of renal tissues. The renal histology of toxic group was found 
with distorted histology with atrophied glomerulus, collecting tubules 
with necrosis. Rats treated with ELE (100 mg/kg, p.o. and 200 mg/kg, p.o.) 
showed no prominent protective effect on cisplatin‑induced nephrotoxicity. 
Treatment with ELE (400 mg/kg, p.o.) and swertiamerin (20 mg/kg, p.o.) 
justified the protective action by minimizing renal vein congestion, tubular 
necrosis, inflammation, and vacuolization in renal histology and cortex 
was observed with normal histology of convoluted tubules and medulla 
with collecting tubule and pars recta [Figure 7].

DISCUSSION
Medicinal plants play a very important role in primary health‑care 
system, from the ancient time. The World Health Organization also 
suggested that about 80% of the world’s population depends on 
developing countries on traditional remedies and medicinal plants for 
prevention, treatment, and cure of diseases.[52]

In the present study, swertiamerin was selected as biomarker as it is 
widely distributed in plants of family Gentianaceae. E. lawii contains 
Swertiamerin as one of the potent phytoconstituent and is also reported to 
possess the hepatoprotective, antioxidant activity,[53] anti‑inflammatory 
activity,[54] and improve diabetic nephropathy.[55]

Cisplatin is the potent platinum‑containing anticancer drug.[56] 
Nephrotoxicity is the major dose‑limiting side effect of cisplatin because it 
accumulates in tubules epithelial cells five times more than in serum.[18,57] 
Its mechanism of renal toxicity is different from killing tumour cells in 
the kidney.[58] The disproportionate accumulation of cisplatin in kidney 
tissues may contribute to cisplatin‑induced nephrotoxicity. Cisplatin 
forms crosslink with DNA of tumor cells produces cytotoxic lesions 
in tumors and other dividing cells. The quiescent proximal tubule cells 
are also selectively damaged by cisplatin. The in  vivo pathogenesis of 
cisplatin‑induced nephrotoxicity is complex and involves inflammation, 
oxidative stress and apoptosis.[59,60]

A single dose of cisplatin (6 mg/kg, i.p.) administration causes a marked 
elevation in serum urea, creatinine, and other biochemical parameters. 
The ELE  (400 mg/kg, p.o.) and swertiamerin  (20 mg/kg, p.o.) treatment 

significantly (P < 0.05) balanced the serum urea and creatinine concentration 
along with other biochemical parameters. It showed the protective effect of 
ELE and swertiamerin against cisplatin‑induced toxicity.
Abnormal elevation in intracellular ROS level in renal cells leads to the 
oxidative stress phenomenon, which further leads to a disturbance in 
the normal redox level of the renal cell.[61] ROS produced through the 
pathways mainly xanthine–xanthine oxidase system, mitochondria, and 
NADPH oxidase in renal cells and are implicated in the pathogenesis 
of acute cisplatin‑induced renal injury. ROS directly act on cellular 
components, including lipids, proteins, and DNA, and destroy their 
structure. The effect of ROS on cellular processes depends on its duration 
and strength on cells. The continued or high levels of ROS exposure 
triggered to apoptosis mechanisms.[62]

These free radicals damage the lipid components of the cell membrane 
by denaturation of proteins and peroxidation, which leads to enzymatic 
inactivation such as SOD and CAT.[63] GSH  (non‑protein thiol) is the 
primary antioxidant defense system in xenobiotic metabolism and 
protects tissue from damage and reportedly decreased in kidney 
mitochondria.[64] It was observed that SOD, CAT, and GSH got depleted 
while LPO level elevated in cisplatin‑treated renal tissues. These 
antioxidant parameters were restored significantly by administration of 
ELE (400 mg/kg, p.o.) and swertiamerin (20 mg/kg, p.o.).
Recent studies suggested that inflammatory mechanism mediates 
pathogenesis of cisplatin‑induced nephrotoxicity. Cisplatin‑induced 
kidney toxicity extensively depends on TNF‑α, as TNF‑α‑deficient 
mice and TNF‑α antibody‑treated wild‑type mice reported to be 
resistant to cisplatin‑induced kidney damage. It has been reported to 
increase the renal expression of proinflammatory cytokines such as 
IL‑6 and IL‑1β. TNF‑α in cisplatin‑treated rats which orchestrate the 
inflammatory response.[19,65,66] Treatment with ELE (400 mg/kg, p.o.) and 
S (20 mg/kg, p.o) decreases the proinflammatory markers.
ROS produced in renal cells as result of cisplatin treatment had been 
explored using the flow cytometric technique. The flow cytometric 
measurement of the redox state of single cells using fluorescent and 
chemiluminescent probes 2’‑7’‑dichlorodihydrofluorescein diacetate 
is one of the most widely used techniques.[67] Geo mean values of the 
fluorescence intensities were found to be higher in cisplatin‑treated 
renal cells compared with control group due to ROS production. 
ROS production in renal cells treated with ELE (400 mg/kg, p.o.) and 
Swertiamerin (20 mg/kg, p.o.) showed reduced ROS production. These 
findings indicated that ROS production plays an important role in 
cisplatin‑induced renal toxicity.
DNA fragmentation assay was performed to determine the DNA 
damage as cellular response to oxidative stress produced by cisplatin 
accumulation. ELE (400 mg/kg, p.o.) and Swertiamerin (20 mg/kg, p.o.) 
treatment prevented the oxidative DNA damage or repaired the damaged 
DNA. The histological architecture of kidney tissues exposed to cisplatin 
revealed the glomerular changes, collagen deposition around renal 
glomeruli, dilations in distal convoluted tubules, hemolysis, and necrosis 
in tissues and cytoplasmic vacuolization in their lining epithelial cells. 
Treatment with ELE (400 mg/kg, p.o.) and Swertiamerin (20 mg/kg, p.o.) 
showed normal histological architecture reappearance comparable to 
tissue histology control group.
ELE (400 mg/kg, p.o.) treatment showed the significant nephroprotective 
effect as compared to swertiamerin by lowering urea, creatinine along 
with other biochemical markers and significantly maintained oxidant 
markers and proinflammatory cytokines level in cisplatin‑treated kidney 
tissues. Intracellular ROS production, DNA damage, and impaired 
histology of kidney tissues in cisplatin‑treated rats were brought to 
normal by ELE  (400  mg/kg, p.o.) treatment. ELE was found to be a 
rich source of bioactive constituents along with Swertiamerin mainly 

Figure  4: Geometrical mean values of the fluorescence intensities of 
respective groups. Values expressed as means ± SEM (n=3). aP<0.05, 
comparing with unstained, bP<0.05, comparing with control group; cP<0.05, 
comparing with toxic control group; dP<0.05, comparing with treatment 
group (ELE 400 mg/kg, p.o); eP<0.05, comparing with S20mg/kg
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Figure 5: Histogram showing flow cytometric analysis of reactive oxygen species production in kidney cells of respective treatment group. Along with dot 
plot of flow cytometric analysis represents live cells (a) control group and external control (H2O2) group. (b) Toxic control (cisplatin treatment) and unstained 
group. (c) Treatment of Exacum lawii extract (E400 mg/kg) and Swertiamerin (S20 mg/kg)

c

b

a
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to attenuate cisplatin‑induced renal toxicity by reducing inflammatory 
markers and ROS production and also protects cisplatin administered 
kidneys from DNA fragmentation and altered tissue architecture.
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