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Introduction
Radiotherapy is one of the important modalities to treat 

malignant diseases. Radiotherapy alone is not enough to control 
tumor therefore, it is usually combined with other modalities to treat 
difficult neoplasia in the clinical condition. Radiotherapy is usually 
combined with chemotherapeutic agents to get better response and 
cure rates in patients.1 Despite the fact that radiotherapy is used to 
treat approximately 50% tumors, the induction of radiotoxicity in the 
normal cells remains the major limiting factor.2 The curative effects of 
irradiation are temporary and are highly localized to the irradiated area. 
It is well known that irradiation causes long term adverse side effects 
on body’s healthy normal tissues. The radiotherapy usually leads to 
tiredness, feeling of run down, sore throat, difficulty in swallowing, 
cough, hair loss, chest pain, increased body, temperature, shivering, 
sick feeling and sore skin.3 Radiotherapy uses high-energy X- or γ- 
rays to kill cancer cells and shrink tumors. Ionizing radiations belong 
to electromagnetic radiation category, and their wavelength is very 
short that make them highly effective. The major cell killing effect 
of radiotherapy is brought by causing various types of DNA damages 
and in particular DNA double strand breaks in cells.4 This indicates 
that tumor shall be made more vulnerable to radiation so as to spare 
the normal cells. Combination chemotherapy or chemoradiotherapy 
has been tried to treat difficult neopalsia and several combinations of 
chemotherapeutic drugs are used as cancer treatment regimens.5The 
combination chemoradiotherapy is also utilized in an attempt to 
increase the effectiveness and reduce the radiotoxicity in the patients 
by lowering the dose of the agent/s.6 Traditionally Croton caudatus 
Geiseler (family Euphorbiaceae) or kam-sabut has been utilized to 
treat several disorders including sprains, fever and liver diseases 
in the northeastern part of India. Its roots have been found to be 

purgative and it has low toxicity.7The leaves are applied on festering 
wounds of injured cattles and to ward off against the maggots. Our 
earlier studies have shown that kam-sabut acts as an antioxidant at 
low doses.8 Therefore, the aim of this study was to examine various 
biochemical lesions induced by kam-sabut in the liver and kidney of 
Dalton’s lymphoma transplanted mice following exposure to 6 Gy γ- 
radiation.

Materials and methods
Collection and Extraction of Plant Material

The mature and non-infected leaves were plucked from Croton 
caudatus Geiseler (Family: Euphorbiaceae) plants growing at Saikot, 
Churachandpur District of Manipur in the dry season. The kam–sabut 
was identified by Professor Kumar Singh, a well-known taxonomist 
of Manipur University, Imphal, India, and was further authenticated 
by the Botanical Survey of India, Shillong. The leaves were cleaned 
shade dried at room temperature and powdered in a grinder at 
room temperature. Usually 100g of leaf powder was sequentially 
extracted in petroleum ether, chloroform, ethanol and water using a 
Soxhlet apparatus until the solvents became clear. The extracts were 
concentrated by drying under reduced pressure and stored at -80 
°C until further use. Henceforth the chloroform, ethanol and water 
extract/s of Croton caudatus will be called as CCC, CCE and CCA, 
respectively.

Animal care and handling

The animal care and handling were performed in keeping with 
the guidelines issued by the World Health Organization, Geneva, 
Switzerland, INSA (Indian National Science Academy, New Delhi, 
India) and the “Guide for the care and use of Laboratory Animals” 

Open Access J Trans Med Res. 2018;2(4):109‒116. 109
©2018 Jagetia. This is an open access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and build upon your work non-commercially.

Croton caudatus Geiseler toxicity evaluation in 
Swiss albino mice transplanted or not with Dalton’s 
lymphoma ascites tumor before exposure to 6 Gy 
γ-radiation

Volume 2 Issue 4 - 2018

Longjam Shantabi,1 Ganesh Chandra Jagetia, 
2Nambam Bonika Devi, 3 Thaodem Tomcha 
Singh4

1Department of Veterinary Physiology-Biochemistry, Central 
Agricultural University, Selesih 796014, Aizawl, India
210 Maharana Pratap Colony, Sector 13, Hiran Magri, 
Udaipur-313 002, India
3Department of Pharmacy, Regional Institute of Paramedical and 
Nursing Sciences, Zemabawk 796017, Aizawl, India
4Department of Radiotherapy, Regional Institute of Medical 
Sciences, Imphal 795001, India

Correspondence: Ganesh Chandra Jagetia, 10 Maharana 
Pratap Colony, Sector 13, Hiran Magri, Udaipur–313 002, India, 
Email gc.jagetia@gmail.com

Received: May 21, 2018 | Published: September 05, 2018

Abstract

The acute toxic effects of different doses of various extracts of Croton caudatus leaf (CCE) 
was studied in mice. The intraperitoneal administration of different CCEs showed a dose 
dependent increase in the acute toxicity in mice. The toxic effects of aqueous extract were 
highest when compared to the chloroform and ethanol extracts of C. caudatus. The LD50 
was 0.35 g/kg b. wt. for aqueous CCE, whereas it was 0.5 g/kg b. wt. for chloroform and 
0.65 g/kg b. wt. for ethanol extracts, respectively. The toxic effects of ethanol extract of 
Croton caudatus were further confirmed by estimating various biochemical parameters 
in non-tumor bearing as well as mice transplanted with Dalton’s lymphoma tumor. The 
administration of different doses of CCE with or without irradiation showed a dose 
dependent rise in the toxicity in both normal and Dalton’s lymphoma bearing mice as 
indicated by higher activities of alanine aminotransferase, aspartate aminotransferase 
and alkaline phosphatase enzymes in mouse liver along with the elevation of albumin, 
total proteins, and total bilirubin contents. Similarly, kidneys of ethanol CCE treated mice 
showed increased level of urea, uric acid and a reduction in creatinine indicating infliction 
of biochemical lesions in these organs. 

Keywords: Croton caudatus, LD50, acute toxicity, alanine aminotransferase, aspartate 
aminotransferase, alkaline phosphatase and Dalton’s lymphoma.
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(National Academy of Sciences, USA, 2010). Ten to twelve weeks 
old male and female Swiss albino mice weighing 30 to 36 g were 
selected from an inbred colony maintained under the controlled 
conditions of temperature (23±2°C), humidity (50±5%) and light 
(12h each of light and dark, respectively). The animals had free 
access to the sterile food and water. Four animals were housed in a 
polypropylene cage containing sterile paddy husk (procured locally) 
as bedding throughout the experiment. The study was approved by 
the Institutional Animal Ethical Committee of Regional Institute of 
Medical Sciences, Imphal, India.

Preparation of drug and mode of administration

The chloroform extract of Croton caudatus (CC) was freshly 
dissolved in 100 µl of chloroform and diluted with sterile physiological 
saline (SPS) containing 1.0 % carboxymethylcellulose (CMC). The 
ethanol extract of Croton caudatus was dissolved in 5% ethanol 
and diluted with sterile physiological saline (SPS) containing 1.0 % 
carboxymethylcellulose (CMC). Aqueous extract was dissolved in 
sterile physiological saline (SPS). Each animal from each group was 
injected with 0.01ml/g b. wt. of either chloroform, ethanol or aqueous 
extract intraperitoneally. 

Acute Toxicity

The acute toxicity of CCE (Croton caudatus extract) was 
determined9 according to OECD guideline No. 420–425 (2001). 
Both male and female albino mice were randomly selected from the 
colony and assigned individual identification number. The animals 
were fasted for 18 h and were divided into three groups. Thereafter 
the animals were administered intraperitoneally with 0.25, 0.5, 1.0, 
2.0, 3.5, 4.0, 5.0 g/Kg body weight of different CCEs, whereas the 
matching control group received SPS containing 1.0 % CMC. The 
animals were provided with food immediately after administration of 
different extracts. Animals were observed continuously for first two 
hours and every 6 hours until 24 hours, and daily thereafter, for a 
total period of 14 days for the development of toxic symptoms. The 
data were collected for the toxic manifestations including alteration 
in the behavior, tremors, convulsions, salivation, diarrhea, lethargy, 
sleep, and coma, time of onset of the symptoms and length of recovery 
period. The observations were recorded and individual records for 
each animal was maintained (Table 1) (Table 2) & (Table 3). Eight 
animals were used for each dose of each extract for this experiment 
and a total of 200 animals were used to complete the experiment.

Tumor model

Experimental tumor models have played an important role 
in anticancer drug discovery. The Dalton’s ascites lymphoma 
(DAL) tumor transplanted into Swiss albino mice is a convenient 
model system that allows evaluation of antitumor activity of any 
pharmacological agent within a short time.10DAL procured from 
NEHU, Shillong, India, was maintained and propagated by serial 
intraperitoneal transplantation in an aseptic environment. Usually 106 

viable DAL cells were injected intraperitoneally into each mouse in 
an aseptic condition and the day of tumor inoculation was considered 
as day 0. All the experiments in tumor bearing mice were carried out 
according to the standard protocol recommended by National Service 
Center of Cancer Chemotherapy, USA.11The tumorized animals were 
divided into the following groups after one day of tumor inoculation 
according to the treatment they received:

CCE + sham-irradiation This group of animals was administered 

with 0, 50, 75, 100, 125, 150, 175 or 200 mg/kg b. wt. of CCE once 
daily for consecutive nine days before sham-irradiation. 

SPS + irradiation The animals of this group received 0.3 to 0.36 ml 
SPS 1 h before γ-radiation one day after tumor inoculation and then 
once daily for next eight consecutive days after irradiation. 

CCE + irradiation The animals of this group were injected with 
50, 75, 100, 125, 150, 175 or 200, mg/kg b. wt. of CCE 1h before 
γ-radiation one day after tumor transplantation and then once daily for 
subsequent eight consecutive days after irradiation. 

Irradiation 

The non-anaesthetized, tumorized, and prostate mice were 
restrained and immobilized (achieved by inserting cotton plugs in 
the restrainer) in a specially designed well-ventilated perspex box 
and the lower half of the animal body, below rib cage (hemi-body) 
was exposed to 0 (sham-irradiation) or 6 Gy γ- radiation as the case 
may be. Usually a batch of eight animals was irradiated at a dose 
rate of 2 Gy/min at source to animal distance (midpoint) of 78.9 cm 
using a Telecobalt therapy source (Theratron, Atomic Energy Agency, 
Ontario, Canada).

Biochemical analyses

For the biochemical assay the animals from each group were killed 
after nine days of irradiation. The animals were perfused with isotonic 
cold saline transcardially and their livers and kidneys were removed. 
Both the kidneys and livers were blot dried, weighed and 10% 
homogenate was prepared in PBS using a homogenizer (Remi, India). 
The aspartate aminotransferase (AST), alanine aminotransferase 
(ALT) and alkaline phosphatase (ALP), albumin, total proteins and 
total bilirubin were estimated in the liver, whereas urea, uric acid and 
creatinine were measured in the kidney homogenate with the help of 
commercially available Response Kits using a Response 910 auto 
analyzer (Diagnostic Systems GmbH¸ Holzheim, Germany). 

Statistical analysis

The statistical significance was determined using student’s’ test 
for biochemical studies. One-way ANOVA was used for multiple 
comparisons with the application of appropriate post-hoc test. 
The results were confirmed by repeating the experiments. Test of 
homogeneity was applied to determine any statistical differences 
between the repeat experiments. Since no significant differences were 
observed the data of all experiments were combined and expressed 
as mean ± standard error of the mean (SEM). A P of <0.05 was 
considered as statistically significant.

Results
The results of acute CCE toxicity and biochemical changes are 

depicted in (Tables 1– 6) and (Figure 1–3) as mean ±SEM.

Acute toxicity

The animals treated intraperitoneally with CCE did not show any 
toxic symptoms or mortality up to a dose of 0.5 mg/kg body weight 
for ethanol and chloroform extracts except aqueous extract where 
the animal succumbed to death at a dose of 0.25 mg/kg body weight 
indicating maximum tolerated safe dose. A further increase in CCE 
dose caused increased mortality and no animals could survive beyond 
1 g/kgb. wt. of CCEs. (Tables 1– 3)
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Table 1 Effect of chloroform leaf extract of Croton caudatus on the acute toxicity in mice 

Dose
(gm/kg) Mortality (%) on different days        Remarks

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Total

0 - - - - - - - - - - - - - - 0 Active and all survived.

0.25 - - - - - - - - - - - - - - 0 Active and all survived.

0.5 12.5 - - - - - - - - - 25 12.5 - - 50 Active and 4 died on 12 days.

1 - 12.5 12.5 - 12.5 - 12.5 12.5 12.5 12.5 - - - - 87.5 Lethargic 50% died before 
7 days.

2 - 37.5 - 12.5 - 12.5 12.5 12.5 - - - - - - 100 Dull and died before 14 days.

3.5 37.5 - - 12.5 - - 25 - 12.5 12.5 - - - - 100 Lethargic and died before 
14 days.

4 100 - - - - - - - - - - - - - 100
Aggressiveness, dullness and 
died within 4h.

5 100 - - - - - - - - - - - - - 100
Aggressiveness, dullness and 
died within 2h.

Table 2 Effect of  ethanol leaf extract of Croton caudatus on the acute toxicity in mice

Dose
(gm/kg) Mortality (%) on different days        Remarks

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Total

0 - - - - - - - - - - - - - - 0 Active and all survived.

0.3 - - - - - - - - - - - - - - 0 Active and all survived.

0.5 - - - - - - - - - - 12.5 12.5 - - 25
Active and 25% died before 
14 days.

1 - 12.5 12.5 - 12.5 25 - 12.5 - 12.5 - - - - 87.5
Lethargic and 50% died before 
7 days.

2 - 25 - - - 12.5 25 - 38 - - - - - 100 Dull and died before 14 days.

3.5 - 12.5 12.5 25 - 25 12.5 12.5 - - - - - - 100
Lethargic and died before 14 
days.

4 100 - - - - - - - - - - - - - 100 Aggressiveness, dullness and 
died within first day.

5 100 - - - - - - - - - - - - - 100 Aggressiveness, dullness and 
died within 3h.

Table 3 Effect of aqueous extract of Croton caudatus on the acute toxicity in mice

Dose
(gm/kg) Mortality (%) on different days        Remarks

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Total

0 - - - - - - - - - - - - - - 0 Active and all survived.

0.25 - - - - - - - - - - - - - - 0 Active and all survived.

0.3 - - 12.5 - - - - - - 12.5 - 12.5 - - 37.5 Active and 37.5% died 
before 14 days.

0.5 - 12.5 - 25 - 12.5 - - - - - 12.5 - - 62.5
Active and 62.5% died 
before 14 days.

1 - 12.5 - 12.5 12.5 12.5 - 12.5 12.5 - 25 - - - 100 Lethargic and 50% died 
within7 days.

2 - - 12.5 12.5 - 25 25 - 25 - - - - - 100
Dull and all died before 14 
days.

3.5 12.5 25 - 12.5 12.5 38 - - - - - - - - 100 Lethargic and all died before 
14 days.

4 100 - - - - - - - - - - - - - 100 Aggressiveness, dullness and 
all died within 1h.

5 100 - - - - - - - - - - - - - 100
Writhing, aggressiveness, 
dullness and all died within 
10 min.
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Biochemical analysis

The treatment of tumorized mice with various doses of CCE 
caused alteration in the activities of ALT and AST which were higher 
than that of normal mice (Table 4), whereas the activities of ALP was 
higher only for 50, 75, 100 and 125 mg/kg CCE (Figure 1) in the mice 
liver (Table 4) (Figure 1). The combination of CCE and irradiation 
further increased their activities in tumorized mice significantly 
(Table 4)  (Figure 1). However, there was no clear pattern of increase 
in these enzymes. Similarly, treatment of tumorized mice with CCE 
resulted in an increase in the albumin; total protein contents whereas 
bilirubin contents did not reveal any significant alteration (Table 5) 
(Figure 2). Irradiation of CCE treated mice reduced albumin and 

total protein contents whereas, bilirubin contents remained almost 
unchanged (Table 5) (Figure 2). The kidney function test showed 
a rise in the urea, and uric acid except creatinine, which was lower 
in tumorized mice (Figure 3). Administration of different doses of 
CCE into tumorized mice caused a significant rise in the urea and 
creatinine contents, whereas uric acid was higher for 100 and 125 mg/
kg CCE (Table 6). Irradiation of tumorized mice increased the urea 
and creatinine and marginally alleviated uric acid contents. Treatment 
of tumorized mice with different doses of ethanol CCE led to a further 
rise in the urea (except 125, 50 and 175 mg/kg) and uric acid (except 
50 and 175 mg/kg) contents, whereas creatinine levels were lower for 
all CCE doses (Table 6) (Figure 3).

Table 4 Alteration in the biochemical profile in the liver of tumor bearing mice treated with different doses of Croton caudatus ethanol extract alone or in 
combination with 6 Gy of γ-irradiation.

CCE Dose (mg/
kg) ALT (U/L) AST (U/L) ALP (U/L)

Sham-Irradiation Irradiation Sham-Irradiation Irradiation Sham-Irradiation Irradiation

Normal 27.83±0.49 47.83±0.49d 102.7±1.30 122.7±1.30d 126.1±1.56 136.1±1.56b

Tumor Control 72.26±0.14 95.16±0.66 d 106.7±3.15 143.4±0.86d 75.06±0.60 133.2±2.28d

50 78.33±0.88 98.33±3.53b 110.5±0.34 158.3±1.45d 135.0±0.52 152.3±1.77c

75 76.33±1.04 101.6±1.22d 123.5±2.09 156.7±2.20d 147.4±1.87 131.3±1.83b

100 65.5±0.45 90.46±2.49c 127.0±0.14 125±2.53 164.8±0.76 140.6±2.90d

125 59.13±1.67 64.03±0.61 120.8±1.72 107.4±2.82a 135.7±1.26 104.9±0.54d

150 62.5±0.81 68±0.60b 128.7±1.46 118.6±2.34a 64.7±3.26 109.3±1.45d

175 48.73±2.18 71.3±0.51c 107.2±2.63 98.3±1.11a 123.0±0.65 115.2±0.93b

200 98.8±2.58 125.2±0.93d 137.4±1.44 153.7±1.26c 75.4±2.22 173±1.15d

p < a = 0.05, b = 0.01, c = 0.001, d = 0.0001, no symbols = not significant when compared to Sham-irradiation group. CCE (Croton caudatus extract). Animals 
were sacrificed at 10 days.

Table 5 Alteration in the various biochemical parameters in the liver of tumor bearing mice treated with different doses of Croton caudatus ethanol extract 
alone or in combination with 6 Gy of γ-irradiation 

CCE Dose (mg/
kg)

Albumin ( g/dL) Total Proteins (g/dL) Total Billirubin 
(mg/ dL)

Sham-Irradiation Irradiation Sham-Irradiation Irradiation Sham-Irradiation Irradiation

Normal 0.13±0.01 0.14±0.01 0.57±0.02 0.57±0.02 0.07±0.01 0.07±0.01

Tumor Control 0.48±0.02 0.11±0.00d 0.98±0.01 0.46±0.02d 0.06±0.00 0.05±0.00

50 0.27±0.01 0.18±0.02a 0.75±0.01 0.31±0.01d 0.02±0.00 0.07±0.00b

75 0.16±0.00 0.16±0.00 0.65±0.02 0.71±0.02 0.03±0.01 0.04±0.00

100 0.17±0.01 0.11±0.00a 0.69±0.02 0.61±0.02 0.03±0.00 0.05±0.01

125 0.37±0.01 0.12±0.02c 0.59±0.05 0.53±0.02 0.05±0.00 0.05±0.01

150 0.29±0.02 0.14±0.01b 0.73±0.02 0.64±0.02 0.020.00 0.04±0.00

175 0.16±0.02 0.15±0.01 0.53±0.06 0.550.05 0.03±0.01 0.03±0.01

200 0.42±0.03 0.17±0.01b 1.13±0.02 0.78±0.05b 0.03±0.00 0.05±0.02

p < a = 0.05, b = 0.01, c = 0.001, d = 0.0001, no symbols = non significant when compared to Sham-irradiation group. CCE (Croton caudatus extract). Animals 
were sacrificed at 10 days.
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Table 6   Alteration in the various biochemical parameters in the kidney of tumor bearing mice treated with different doses of ethanol extract CCE alone or 
in combination with 6 Gy of γ-irradiation. 

CCE Dose 
(mg/kg)

UREA  (mg/dL) URIC ACID (mg/dL) CREATININE (mg/ dL)

Sham-
Irradiation Irradiation Sham-

Irradiation Irradiation Sham-
Irradiation Irradiation

Normal 8.6±0.15 11.93±0.77a 3.73±0.14 4±0.15 0.55±0.02 0.44±0.03a

Tumor 
Control 9.53±0.17 24.33±0.33d 1.55±0.03 1.48±0.06 0.11±0.01 0.65±0.02d

50 17.03±0.46 32.26±0.42d 1.71±0.01 1.29±0.02d 0.35±0.00 0.16±0.01c

75 14.03±0.08 35.16±0.44d 1.07±0.02 1.94±0.13d 0.24±0.02 0.25±0.01

100 15.8±1.41 32.1±1.04c 1.68±0.02 2.21±0.01d 0.24±0.02 0.28±0.00

125 21.53±0.97 16.5±1.53a 2.03±0.03 3.78±0.11d 0.32±0.01 0.32±0.01

150 22.8±0.60 15.7±0.26b 1.47±0.12 3.22±0.05D 0.25±0.06 0.14±0.01

175 20.5±1.97 8.76±0.26d 2.05±0.64 2.35±0.05a 0.57±0.04 0.38±0.04a

200 23.56±1.65 26.9±1.84 3.42±0.02 5.83±0.03d 0.34±0.02 0.43±0.02

p < a = 0.05, b = 0.01, c = 0.001, d = 0.0001, no symbols = not significant when compared to Sham-irradiation group. CCE (Croton caudatus extract). Animals 
were sacrificed at 10 days. 

    A           B                             C

Figure 1 Alteration in the various enzymes activities in the liver of Dalton’s lymphoma transplanted mice treated or not with different doses of Croton caudatus 
ethanol extract (CCE) before exposure to 6 Gy γ-radiation. A: alanine aminotransferase (ALT) B: aspartate aminotransferase (AST) C: alkaline phosphate (ALP). 
C=Normal mice without DAL control; TC= DAL Tumor bearing mice control.

     A   B

Figure 2 Alteration in the albumin (a) and bilirubin (b) profiles in the liver of Dalton’s lymphoma transplanted mice treated or not with various doses of Croton 
caudatus ethanol extract (CCE) before exposure to 6Gy γ-radiation.
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Discussion
Ionizing radiations and chemotherapy are important treatment 

modalities to treat cancer and they have helped the patients to recover 
from the disease. Despite increased survival and cure rates these 
modalities increase toxicity in the normal tissues and also in the rapidly 

dividing tissues leading to morbidity and mortality.12 The combination 
of radiotherapy and chemotherapy leads to higher toxicities.13 The 
definite therapy to alleviate the toxic effects of radiotherapy and 
chemotherapy are still not available, therefore it is imperative to 
attenuate their toxic side effects without reducing the abilities of these 
regimens to treat tumors. Herbal medicines have been practiced in the 
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world since the advent of human history and their scientific evaluation 
may be of great interest to combine them with modern therapy. The 
application of herbal medicines as adjuvant to radiotherapy may 
attenuate the side effects of radiotherapy and chemotherapy and at 
the same time sensitize the neoplastic cells to radiation and protect 
the normal tissues from radiation or chemotherapy-induced adverse 
toxic side effect.8  Furthermore, the use of herbal medicines may 
also accelerate the immune surveillance of normal tissues, which 
are adversely affected during progression of neoplasia. The herbal 
medicines may also counter the multiple negative effects induced 

by radiotherapy or chemotherapy or combination of both. More 
and more individuals who have been diagnosed with cancer or 
related illnesses chose alternative medicines. They consult holistic 
practitioners who are trained to cure ailments with vitamins, herbs, 
nutrition, homeopathy, and acupuncture. Therefore, inclusion of 
herbal medicines in radiotherapy/chemotherapy regimens may be of 
great advantage in improving the therapeutic index of cancer patients  
by killing neoplastic cells and reducing radiation toxicity to normal 
tissues.14

         a       b     c

Figure 3 Alteration in the urea (a), uric acid (b) and creatinine (c) profiles in the kidney of Dalton’s lymphoma transplanted mice treated or not with various 
doses of Croton caudatus ethanol extract (CCE) before exposure to 6 Gy γ-radiation
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With the increasing popularity of medicinal plants as alternative 
therapy, it is essential to conduct systematic research on plants to 
establish the therapeutic claims of traditional medicine and also 
ensure that the plants are actually safe for human use.37 The safety 
evaluation can be performed by evaluating the acute toxicity of any 
unknown substance and LD50determination is the most appropriate 
criterion. The LD50 has been used historically to compare the toxicities 
of compounds relative to their therapeutic doses and it is now well 
recognized that high precision may not be required to compare 
toxicities. Our findings have clearly met the objective of the study, 
where various extracts of Croton caudatus leaf (CCE) did not show 
mortality up to a dose of 0.25 g/kg b. wt. for chloroform and ethanol 
extracts, respectively and 0.15 g/kg b. wt. for aqueous extract after 
intraperitoneal administration during the entire observation period 
as per OECD guidelines. According to the chemical labeling and 
classification of acute systemic toxicity, based on intraperitoneally 
LD50 values, the crude extracts of CCE belong to class 5 category 
(LD50 > 2000 mg/kg b. wt.), which comes under the lowest toxicity 
class.36 The most effective dose was ¼ of LD50 indicating the safety 
of drug. The study of biochemical parameters revealed an alteration 
in the normal levels of ALT, AST, ALP, urea, uric acid and creatinine. 
In addition to the haematological parameters, biochemical variables 
are of vital importance in the physiopathological evaluation of any 
pharmacological agent in the animals. Biochemical tests related to the 
hepatocellular integrity are performed to evaluate liver damage, where 
determination of serum activities of AST and ALT provides a clear 
indication of the extent of liver damage by any pharmacological agent 
since the level of these enzymes are able to discriminate between liver 
and cardiac injuries.15 In this study, administration of the CCE caused 
an increase in the AST, ALT, and ALP activities, and also urea, uric 
acid and creatinine contents immediately after termination of therapy. 

It may be difficult to explain the changing mechanism of serum 
ALT and AST parameters. It is likely that these increases may be 
related to deleterious changes initiated by radiotherapy in combination 
with CCE or radiotherapy alone in the cell. It is well known that 

AST and ALT are synthesized by hepatocytes and alteration in their 
activities is a measure of liver damage.16 The increase in albumin 
after administration of different doses of CCE or CCE in combination 
with irradiation may be due to increased toxicity of the drug with 
increase in administered dose, which is corroborated by the rise in the 
activities of AST and ALT. This rise in serum AST and ALT activities 
indicates the liver damage. Although these enzymes are expressed at 
a higher level in liver, they are also found in other tissues such as 
kidney, muscle and heart.17The chronic alcoholism, hepatocellular 
carcinoma and tissue injury been found to elevate AST and ALT levels 
in humans.18 Hence, a simultaneous increase in serum AST and ALT 
levels at the end of first week of radiotherapy may be probably related 
to γ–radiation-induced liver, heart and epithelial tissue injury. 

Conclusion
The present study indicates that different extracts of Croton 

caudatus were practically non- toxic up to 150 mg/kg b. wt. and the 
LD50 was 350mg for aqueous and 500 mg and 650 mg for chloroform 
and ethanol extracts, respectively. The combination treatment has 
increased the activities of AST, ALT and ALP whereas albumin, total 
proteins, and total bilirubin remained unaltered in livers of tumorized 
mice. The kidney of tumorzied mice showed depletion in the urea, 
uric acid and creatinine contents. The alteration in the biochemical 
profile by combination treatment may indicate the therapeutic effect 
on tumor.  

Ethics approval 
All animal procedures were carried out in accordance with the 

Institutional Animal Ethics Committee of Regional Institute of 
Medical Sciences, Imphal (Protocol date: 26th November, 2012) 
conformed to the guidelines set by the Committee for the Purpose 
of Control and Supervision of Experiments on Animals (CPCSEA, 
Chennai, India), World Health Organization, Geneva, Switzerland, 
INSA (Indian National Science Academy, New Delhi, India) and 
the “Guide for the care and use of Laboratory Animals” (National 

0

10

20

30

CCE  (mg/kg body weight)

 U
re

a 
(m

g/
dL

)

 SIR 
 IR  

 C  TC 50 75 100 125 150 175 200

https://doi.org/10.15406/oajtmr.2018.02.00050


Croton caudatus Geiseler toxicity evaluation in Swiss albino mice transplanted or not with Dalton’s 
lymphoma ascites tumor before exposure to 6 Gy γ-radiation.

115
Copyright:

©2018 Jagetia

Citation: Shantabi L, Jagetia GC, Devi NB, et al.  Croton caudatus Geiseler toxicity evaluation in Swiss albino mice transplanted or not with Dalton’s 
lymphoma ascites tumor before exposure to 6 Gy γ-radiation. Open Access J Trans Med Res Open Access J Trans Med Res. 2018;2(4):109‒116. DOI: 10.15406/
oajtmr.2018.02.00050

Academy of Sciences, USA, 2010). 

Acknowledgements
The authors would like to thank Dr. Jeremy L. Pantu, MD. DM, 

Head,Department of Medical Oncology, Mizoram State Cancer 
Hospital, Aizawl, Mizoram and his associates Dr. Khammanpau, 
Mr. Lallawmzuala, M. Sc. (Physics), medical Physicist, Marilyn 
Lalzirpuii, Lalrintluangi, Lalhmangaiha and Malsawmkima 
Pachuau for providing necessary irradiation facilities during the 
course of this study and dosimetry. The authors are thankful to the 
University Grants Commission for financial support vide Grant Nos. 
F.4–3/2007(BSR)/11–116/2008(BSR), and F.4–10/2010(BSR) and 
Department of Biotechnology vide Grant No. BT/60/NE/TBP/2011), 
Government of India, New Delhi to carry out this study.

Conflicts of interests
The author declares that they have no competing interests.

References
1. Linkous AG, Yazlovitskaya EM Novel. Radio sensitizing anticancer 

therapeutics. Anticancer Res.. 2012; 32(7):2487–2499.

2. KimYJ, Lee WJ, Woo SM, et al. Comparison of capecitabine and 
5-fluorouracil in chemoradiotherapy for locally advanced pancreatic 
cancer. Rad Oncol. 2013;8:160.

3. Faulhaber O, Bristow RG. Basis of cell kill following clinical 
radiotherapy In: Application of apoptosis to cancer treatment M. Sluyser 
(editor).Springer Berlin. 2005;293–320.

4. Mavragani IV, Nikitaki Z, Souli MP, et al. Complex DNA Damage: A 
Route to Radiation-Induced Genomic Instability and Carcinogenesis. 
Cancers. 2017;9(7):91. 

5. Ocaña  A, Diez-Gónzález L, Adrover E, et al. Tumor-infiltrating 
lymphocytes in breast cancer ready for prime time. J Clin Oncol.  
2015;33(11):1298–1299.

6. Mayer LD, Janoff AS. Optimizing combination chemotherapy by 
controlling drug ratios. Mol Interv. 2007;7(4):216–223.

7. Lin Y, Yi Z, Zhao Y. Chinese Dai Medicine Colorful Illustrations. Yunnan 
Nationality Press. 2003;China.

8. Shantabi L, Jagetia GC, Ali MA. Assesment of the antioxidant potential 
of Croton caudatus leaf extract in vitro. Translat Med Biotechnol.. 
2014;2(6).

9. Prieur DJ, Young DM, Davis RD, et al. Procedures for preclinical 
toxicologic evaluation of cancer chemotherapeutic agents protocols of 
the laboratory of toxicology. Cancer. Chemother.1973;4(1):1–39.

10. Shanker A , Singh SM, Sodhi A. Ascitic growth of a spontaneous 
transplantable T cell lymphoma induces thymic involution 1. Alterations 
in the CD4/CD8 distribution in thymocytes. Tumor Biol. 2000;21(5):288–
298. 

11. Geran RI, Greenberg NH, McDonald. Protocols for screening chemical 
agents and natural products against animal tumour and other biological 
systems. Cancer. Chemother.1972;3(2):17–19.

12. Coleman CN, Bump EA, Kramer RA. Chemical modifiers of cancer 
therapy. J Clin Oncol.1988;6(4):709–711

13. Higgins GS, O Cathail SM, Muschel RJ, et al. Drug radiotherapy 
combinations review of previous failures and reasons for future 
optimism. Cancer Treat Rev. 2015;41(2):105–113.

14. Tannock IF. Treatment of cancer with radiation and drugs. J  Clin Oncol. 

1996;14:3156–3174.

15. Nicholas CP, Lewis. Clinical concept of enzymology In: Fundamentals 
of Enzymology. Oxford University press.1989.

16. Dufour DR, Lott JA, Nolte, et al. Diagnosis and monitoring of hepatic 
injury in performance characteristics of laboratory tests. Clin Chem. 
2000;46(12):2027–2049.

17. Minuk GY. Canadian Association of Gastroenterology Practice 
Guidelines: evaluation of abnormal liver enzyme tests. Can J 
Gastroenterol.1998;12:417–421.

18. Garba IH, Gregory U. Serum alkaline phosphatase activity as a potential 
biomarker for the intergrity of the hepatic drainage system in acute 
falciparum malaria infection. Internet J Infect. 2005;4:1–5.

19. Chougule A, Sofia H, Prasad AD. Prognostic and diagnostic value of 
serum pseudocholinesterase, serum aspartate transaminase and serum 
alinine transaminase in malignancies treated by radiotherapy. J Cancer 
Res Therap. 2008;4(1):21–25.

20. Bellinger D, Sloman J. Low-level lead exposure and children’s cognitive 
function in the preschool years. Pediatric. 1991;87(2):219–227.

21. Bhandare N, Moiseenko V, Song, et al. Severe dry eye syndrome after 
radiotherapy for head-and-neck tumors. Int J Radiat Oncol  Biol  Phys. 
2012;82:1501–1508. 

22. El-Missiry, MA, Fayed, TA, El-Sawy, et al. Ameliorative effect of 
melatonin against gamma-irradiation-induced oxidative stress and tissue 
injury. Ecotox Environ Safe. 2007;66(2):278–286.

23. Ghosh  MN, 1984. Fundamentals of Experimental Pharmacology. 
Scientific book Agency. 2007;39(4):216.

24. Jagetia GC. Radioprotective potential of plants and herbs against the 
effects of ionizing radiations (Invited Review). J Clin Bio and Nutr. 
2007;40(2):74-81.

25. Kula B, Sobczak A, Grabowska-Bochenek, et al. Effect of electromagnetic 
field on serum biochemical parameters in steelworkers. J  Occup Hlth. 
1999;41(3):177–180.

26. Kultigin C, Sukran CA, Cengiz K. Alterations in serum biochemical 
parameters of patients with lung cancer exposed to radiotherapy. J 
Environ Biol. 2010;31:841–844.

27. Lawrence TS, Haffty BG, Harris JR. Milestones in the use of 
combined-modality radiation therapy and chemotherapy. J  Clin Oncol. 
2014;32:1173–1179.

28. Manda K, Bhatia AL. Pre-administration of beta-carotene protects tissue 
glutathione and lipid peroxidation status following exposure to gamma 
radiation. J Environ Biol. 2003;24(4):369–372.

29. OECD (Organisation for Economic Co-operation and Development). 
Harmonized Integrated Hazard Classification System For Human Health 
and Environmental Effects of Chemical Substances. OECD.1998;Paris.

30. OECD Guidelines for acute toxicity of chemicals. 2001;420.

31. OECD Guidelines for testing of chemicals.2001;425.

32. Ranzani-Paiva M, Salles. Análise hematológica de curimbatá 
(Prochilodus scrofa), pacu (Piractus mesopotamicus) e tambaqui 
(Colossoma macropomum) das estações de piscicultura do instituto de 
pesce. Boletim do Instituto de Pesca. 1999;25:77–83.

33. Senturk H, Canbakan B, Hatemi I. A clinical approach to high levels 
of liver enzymes. Cerrahpasa Medicine Faculty Clin Gastroentol Symp 
Series. 2004;38:9–13.

34. Sim  KS, Sri Nurestri, AM, Sinniah S, et al. Acute oral toxicity of 
Pereskiableo and Pereskiaglandifolia in mice. Pharmacog  mag. 

https://doi.org/10.15406/oajtmr.2018.02.00050
https://doi.org/10.15406/oajtmr.2018.02.00050
https://www.ncbi.nlm.nih.gov/pubmed/22753705
https://www.ncbi.nlm.nih.gov/pubmed/22753705
https://www.ncbi.nlm.nih.gov/pubmed/23822606
https://www.ncbi.nlm.nih.gov/pubmed/23822606
https://www.ncbi.nlm.nih.gov/pubmed/23822606
https://link.springer.com/chapter/10.1007/1-4020-3302-8_13
https://link.springer.com/chapter/10.1007/1-4020-3302-8_13
https://link.springer.com/chapter/10.1007/1-4020-3302-8_13
https://www.ncbi.nlm.nih.gov/pubmed/28718816
https://www.ncbi.nlm.nih.gov/pubmed/28718816
https://www.ncbi.nlm.nih.gov/pubmed/28718816
https://www.ncbi.nlm.nih.gov/pubmed/25753437
https://www.ncbi.nlm.nih.gov/pubmed/25753437
https://www.ncbi.nlm.nih.gov/pubmed/25753437
https://www.ncbi.nlm.nih.gov/pubmed/17827442
https://www.ncbi.nlm.nih.gov/pubmed/17827442
https://www.ncbi.nlm.nih.gov/pubmed/4634117
https://www.ncbi.nlm.nih.gov/pubmed/4634117
https://www.ncbi.nlm.nih.gov/pubmed/4634117
https://www.ncbi.nlm.nih.gov/pubmed/10940825
https://www.ncbi.nlm.nih.gov/pubmed/10940825
https://www.ncbi.nlm.nih.gov/pubmed/10940825
https://www.ncbi.nlm.nih.gov/pubmed/10940825
https://www.ncbi.nlm.nih.gov/pubmed/3282035
https://www.ncbi.nlm.nih.gov/pubmed/3282035
https://www.ncbi.nlm.nih.gov/pubmed/25579753
https://www.ncbi.nlm.nih.gov/pubmed/25579753
https://www.ncbi.nlm.nih.gov/pubmed/25579753
https://global.oup.com/academic/product/fundamentals-of-enzymology-9780198502296?cc=us&lang=en&
https://global.oup.com/academic/product/fundamentals-of-enzymology-9780198502296?cc=us&lang=en&
https://www.ncbi.nlm.nih.gov/pubmed/11106349
https://www.ncbi.nlm.nih.gov/pubmed/11106349
https://www.ncbi.nlm.nih.gov/pubmed/11106349
https://www.ncbi.nlm.nih.gov/pubmed/18417898
https://www.ncbi.nlm.nih.gov/pubmed/18417898
https://www.ncbi.nlm.nih.gov/pubmed/18417898
https://www.ncbi.nlm.nih.gov/pubmed/18417898
https://www.ncbi.nlm.nih.gov/pubmed/1987535
https://www.ncbi.nlm.nih.gov/pubmed/1987535
https://www.ncbi.nlm.nih.gov/pubmed/21764525
https://www.ncbi.nlm.nih.gov/pubmed/21764525
https://www.ncbi.nlm.nih.gov/pubmed/21764525
https://www.ncbi.nlm.nih.gov/pubmed/16793135
https://www.ncbi.nlm.nih.gov/pubmed/16793135
https://www.ncbi.nlm.nih.gov/pubmed/16793135
http://www.ijp-online.com/article.asp?issn=0253-7613;year=2007;volume=39;issue=4;spage=216;epage=216;aulast=Ghosh\
http://www.ijp-online.com/article.asp?issn=0253-7613;year=2007;volume=39;issue=4;spage=216;epage=216;aulast=Ghosh\
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127223/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127223/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2127223/
https://www.jstage.jst.go.jp/article/joh1996/41/3/41_3_177/_article
https://www.jstage.jst.go.jp/article/joh1996/41/3/41_3_177/_article
https://www.jstage.jst.go.jp/article/joh1996/41/3/41_3_177/_article
https://www.ncbi.nlm.nih.gov/pubmed/24663053
https://www.ncbi.nlm.nih.gov/pubmed/24663053
https://www.ncbi.nlm.nih.gov/pubmed/24663053
https://www.ncbi.nlm.nih.gov/pubmed/15248648
https://www.ncbi.nlm.nih.gov/pubmed/15248648
https://www.ncbi.nlm.nih.gov/pubmed/15248648
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2881650/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2881650/


Croton caudatus Geiseler toxicity evaluation in Swiss albino mice transplanted or not with Dalton’s 
lymphoma ascites tumor before exposure to 6 Gy γ-radiation.

116
Copyright:

©2018 Jagetia

Citation: Shantabi L. Jagetia GC, Devi NB, et al.  Croton caudatus Geiseler toxicity evaluation in Swiss albino mice transplanted or not with Dalton’s 
lymphoma ascites tumor before exposure to 6 Gy γ-radiation. Open Access J Trans Med Res. 2018;2(4):109‒116. DOI: 10.15406/oajtmr.2018.02.00050

2010;6(21:)67–70.

35. Suffness M, Douros J. Drugs of plant origin In Methods in cancer 
Research. ED De Vita VT. 1979; New York, USA.

36. Walum E, Nilsson M, Clemedson C, et al. The MEIC program and its 
implications for the prediction of acute human systemic toxicity. In 

Alternative Methods in Toxicology and the Life Science. Environ Hlth 
Perspect.1998;106:497–503.

37. Wills RB, Bone K Morgan. Herbal products Active constituent, mode of 
action and quality control. Nutr  Res Rev 2000;13(1):47–57.

https://doi.org/10.15406/oajtmr.2018.02.00050
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2881650/
https://www.cambridge.org/core/journals/nutrition-research-reviews/article/herbal-products-active-constituents-modes-of-action-and-quality-control/8E5D4F8734D795BB107F89E6E5CB8587
https://www.cambridge.org/core/journals/nutrition-research-reviews/article/herbal-products-active-constituents-modes-of-action-and-quality-control/8E5D4F8734D795BB107F89E6E5CB8587

	Abstract
	Keywords
	Introduction
	Materials and methods 
	Collection and Extraction of Plant Material 
	Animal care and handling 
	Preparation of drug and mode of administration 
	Acute Toxicity 
	Tumor model 
	Irradiation
	Biochemical analyses 
	Statistical analysis 

	Results
	Acute toxicity 
	Biochemical analysis 

	Discussion
	Conclusion
	Ethics approval  
	Acknowledgements
	Conflicts of interests 
	References
	Table 1 
	Table 2
	Table 3
	Table 4
	Table 5 

