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Abstract  N-nitrosodimethylamine (NDMA), the 

structurally simplest nitrosamine, is a potent carcinogen. 

Since nitrosamines are found in a broad range of substances, 

including our water and food, it is important to look for 

ways to nullify their harmful effects. In this regard, 

supplementing our diet with plant materials rich in 

bioactive compounds can be useful. Therefore, this study 

aimed to study the protective effects of the combined 

extract of selected plants against the carcinogenic impact 

of NDMA treatment on mice. Metabolites present in the 

methanolic extracts of the selected plants were screened. 

After checking the toxicity of the combined methanolic 

extract (CME), mice were segregated into four groups, 

namely control; NDMA-treated; NDMA + CME (200 

mg/kg body weight) treated; and NDMA + CME (400 

mg/kg body weight) treated. The weight of mice was 

checked at regular intervals. After the experimental period, 

the mice were sacrificed which was followed by collection 

of blood and observation and weighing of the internal 

organs. The lung, kidney, and liver were fixed in 10% 

formalin for histopathological examination. Phytochemical 

screening showed good amounts of important metabolites. 

The change in body weight of the NDMA-treated group 

was most distinct from the control group’s body weight 

change. The relative organ weight for liver of different 

experimental groups significantly differed. NDMA 

induced hepatocarcinogenesis, renal toxicity, and 

histopathological injury in the lung. In the case of NDMA 

+ CME-treated mice, normalised histological architecture 

was observed. This study indicated that the phytoactive 

components of CME counteracted the toxic effects of 

NDMA. 

Keywords  N-nitrosodimethylamine, Carcinogen, 

Plant, Toxicity, Phytoactive Components 

1. Introduction

Nitrosamines are amine derivatives that have the 

functional group R1R2N-N=O. These are commonly found 

in food products (processed meat, salted dry fish, alcoholic 

beverages, cheese, etc.), cosmetics and other personal care 

products, industrial workplace environments, and cigarette 

smoke. It has been reported in the past few years that the 
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drinking water disinfected with chlorine and chloramine 

contains nitrosamines [1,2]. In addition to these sources, 

nitrosamines can be formed endogenously within us. When 

nitrates or nitrites naturally occurring in food or added to 

food are ingested, under acidic conditions, these 

compounds react with nitrosamine precursors (e.g., 

dimethylamine) from the food to form nitrosamines. In 

more than 40 animal species, various nitrosamines cause 

tumours. International Agency for Research on Cancer 

(IARC) has identified N-nitrosodiethylamine (NDEA) and 

N-nitrosodimethylamine (NDMA) as carcinogens which 

can probably cause cancer in humans [3]. Other important 

nitrosamines, such as N-nitrosopyrrolidine (NPYR), N-

nitrosodi-n-butylamine (NDBA), and N-nitrosopiperidine 

(NPIP), are grouped as possibly carcinogenic to humans [3]. 

NDMA, being the structurally simplest nitrosamine, is 

found to be a potent carcinogen, mutagen, and teratogen 

among all nitrosamines [4]. Two pathways contribute to the 

formation of NDMA. These are the pathway of oxidation 

of chlorinated unsymmetrical dimethylhydrazine (UDMH-

Cl) derived from dimethylamine and the pathway of 

nitrosation of dimethylamine. In the former pathway, 

during the disinfection of sewage and drinking water with 

chlorine and chloramine, dimethylamine is chlorinated to 

produce UDMH-Cl, which undergoes oxidation to yield 

NDMA [5,6]. In the latter pathway, nitrates and nitrites 

combine with secondary amines to produce NDMA [7]. 

For instance, the use of sodium nitrate and sodium nitrite 

in curing meat or as preservatives leads to the production 

of NDMA. 

Nitrosamines are hepatotoxic agents. However, these 

agents must undergo bioactivation before acting as 

carcinogenic agents. The toxicity of nitrosamines depends 

largely on their pharmacokinetic properties. When the 

substituent groups of the chemical structure of 

nitrosamines are dimethyl and diethyl, the compound 

predominantly causes liver tumours, and when the 

substituent groups are dibutyl, the compound tends to cause 

tumours in the urinary bladder [7]. Hence, the estimation of 

harmful nitrosamines present in processed meat and fish 

products is important for regulatory bodies in establishing 

guidelines of permissible limits. Such risk assessment of 

processed food products also helps consumers choose their 

healthy food items in daily life. 

Exposure to nitrosamines and their precursor compounds 

cannot be avoided since these are present in food and water. 

Therefore, it’s important to identify strategies for nullifying 

the effects of nitrosamines. In this regard, supplementing 

our diet with plant materials rich in bioactive compounds 

can play a crucial role in the mitigation of the harmful 

effects of nitrosamines. Plants traditionally used for 

culinary purposes, such as Petroselinum crispum (Mill.) 

Fuss, Murraya koenigii L., and Cinnamomum tamala 

(Buch.-Ham.) T. Nees & C. H. Eberm. are important 

candidates. 

The leaves of P. crispum are used to season dishes or as 

garnish for cuisine across the world. The oil obtained from 

the seeds of P. crispum is used in flavouring and imparting 

aroma to food. The leafy part is rich in polyphenols [8]. 

Flavonoids, particularly apiin, 6"-acetylapiin, and apigenin; 

essential oils, mainly apiol and myristicin; and coumarins 

are the bioactive compounds found in P. crispum [9]. P. 

crispum prevents the multiplication of cancerous cells [10]. 

It is a natural remedy with negligible side effects for 

diabetes [9]. Other pharmacological activities include 

hepatoprotective, brain protective, gastroprotective, 

antibacterial, and antifungal [11,12]. 

The leaves of M. koenigii are used in South Asian cuisine 

as natural flavouring agents, digestives, and appetizers. 

Various in vivo and in vitro researches have shown that the 

extract of M. koenigii leaf has various therapeutic 

applications because it possesses antioxidant, anti-

inflammatory, antimutagenic, antibacterial, antifungal, and 

cardioprotective activities [13,14]. The medicinal value of 

the M. koenigii can be linked to the presence of alkaloids 

(carbazole alkaloids), terpenoids, flavonoids, phenolic 

acids, and carotenoids in its different parts [15,16]. In 

ayurvedic medicine, leaves are used in the treatment of 

diabetes, diarrhoea, heart diseases, dysentery, blood 

disorders, eruption, itching, leukoderma, inflammation, 

vomiting, and piles [13,17]. Roots are used as a natural 

remedy for common body aches [15]. Barks are 

traditionally used in treating snakebites [18]. 

C. tamala leaves are commonly used in cooking as 

flavouring agents. These are versatile and can be used in 

different kinds of dishes and sauces. According to 

Ayurveda and recent studies, C. tamala has various 

therapeutic properties, including gastroprotective, 

antioxidant, anti-inflammatory, antimicrobial, antimalarial, 

hypoglycaemic, hypolipidemic, antidiarrheal, and 

antidiabetic [19]. A study conducted recently has also 

revealed that the methanol extract (crude) of C. tamala 

leaves can prevent the growth of cancer cells [20]. 

Cinnamaldehyde is the main active ingredient of C. tamala 

essential oil, accounting for between 65% and 80% of this 

oil. This plant also contains antioxidant glutathione and 

methyl hydroxychalcone polymer [21]. This plant is used 

for treating dyspepsia, flatulence, intestinal colic, nausea, 

slow digestion, and diarrhoea [22]. It has also been found 

that this plant can help patients with diabetes to metabolise 

sugar more easily [23]. 

Against this background, this study aimed to study the 

protective effects of the combined extract of selected plants 

traditionally used for culinary purposes, against 

carcinogenic changes induced by NDMA in mouse target 

organs. 

2. Materials and Methods 

2.1. Experimental Animals 

Swiss albino mice (Mus musculus) in good health were 

procured from the animal house of Zoology Department, 
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Gauhati University, Guwahati, Assam, India and the 

Department of Pharmacology & Toxicology, College of 

Veterinary Science, Guwahati, Assam, India. The mice 

were kept in a separate room and acclimatised under 

appropriate light and dark conditions. The mice were fed a 

pellet diet and water was provided ad libitum during the 

experimental period. This research was approved by the 

Institutional Animal Ethics Committee of Cotton 

University, Guwahati, India (certificate no.: 

9/IAEC/CU/05/01/2021). 

2.2. Collection of Plant Materials 

The C. tamala sample was collected from the campus of 

Indian Institute of Technology Guwahati (26º 11ʹ North 

latitude and 91º 41ʹ East longitude), Assam, India. The M. 

koenigii sample was collected from Paneri (26º 43ʹ North 

latitude and 91º 54ʹ East longitude), Assam, India. The P. 

crispum sample was obtained from the vendors of Aizawl 

(23º 43ʹ North latitude and 92º 43ʹ East longitude), 

Mizoram, India. These plant materials were taxonomically 

verified by a curator named Dr. Souravjyoti Borah of the 

Botany Department of Gauhati University, Guwahati–

781014. Voucher specimens of C. tamala (Reference No. 

Herb./GUBH/2023/017), M. koenigii (Reference No. 

Herb./GUBH/2022/031), and P. crispum (Reference No. 

Herb./GUBH/2023/027) were submitted to the Herbarium 

of the Botany Department of Gauhati University for future 

reference. 

2.3. Preparation of the Plant Extracts 

The leaves of plants were washed and then dried at room 

temperature in the dark. The dried leaves were coarsely 

ground. Maceration was performed to prepare methanolic 

crude extracts from powdered dried leaves (Concentration: 

1 g of powdered plant material was soaked in 7 mL of 

methanol). The extracts of the three plants were used for 

phytochemical screening. The extracts were dried using 

instruments, such as Equitron rotary evaporator (Medica 

Instrument Mfg. Co., India) and incubator. After removing 

the solvent, the extracts were stored in sealed containers at 

4ºC until use. 

2.4. Screening of Phytochemicals 

Phytochemical screening of the methanolic extracts of P. 

crispum, M. koenigii, and C. tamala was performed to 

detect metabolites. The metabolites checked included 

alkaloids, glycosides, flavonoids, tannins, saponins, and 

phenols. 

2.4.1. Test for Alkaloids 

In different test tubes, 1 mL of each plant extract was 

taken. Then, 1 mL of Wagner’s reagent was added to each 

of these extracts and shaken. The appearance of the reddish 

brown precipitate showed alkaloids [24,25]. 

2.4.2. Test for Glycosides 

In different test tubes, 2 mL of each plant extract was 

taken. To each of these extracts, the same volume of water 

was added. Lead acetate (0.5 mL) was then added and 

shaken. Then, the same volume of chloroform was added 

and evaporated. Glacial acetic acid was used to dissolve the 

obtained residue. After that, a few drops of ferric chloride 

were added. This was followed by the addition of 2 mL of 

sulphuric acid. The emergence of a reddish brown layer 

that turns bluish green indicates glycosides [24,25].  

2.4.3. Test for Flavonoids 

In different test tubes, 1 mL of each plant extract was 

taken and a few drops of sodium hydroxide solution were 

added to each of these extracts. The mixture was shaken. 

The emergence of an intense yellow colour that 

disappeared upon the addition of dilute acid showed 

flavonoids [24,25]. 

2.4.4. Test for Tannins 

Dilution of 1 mL of each plant extract was done by 

adding 1 mL distilled water. In different test tubes, 1 mL of 

each diluted plant extract was taken. This was followed by 

the addition of a few drops of 10% ferric chloride solution 

to each of these extracts. The emergence of a green, 

blackish colour showed catechol tannins, and a blackish 

blue colour showed gallic tannins [26,27]. 

2.4.5. Test for Saponins 

In different test tubes, 1 mL of each plant extract was 

taken. Dilution of each of these extracts was done by 

adding 5 mL of distilled water. This was followed by the 

addition of a few drops of olive oil. The mixture was 

shaken vigorously. The formation of the emulsion showed 

saponins [27, 28]. 

2.4.6. Test for Phenols 

In different test tubes, 3 mL of each plant extract was 

taken. 1 mL of 10% lead acetate solution was added to each 

of these extracts. The emergence of a white precipitate 

showed phenols [29]. 

2.5. Evaluation of Acute Toxicity 

The combined methanolic extract (CME) was prepared 

by mixing equal amounts of the methanolic extracts of the 

three plants. A single dose of CME of 2000 mg/kg body 

weight (BW) was administered orally to eight mice, 

whereas mice in the control group received distilled water. 

The mice were observed with special attention during the 

next 4 hours. The mice were then observed periodically 

during the first 24 hours. Daily observation was performed 

for 14 days. The observation was performed to observe 

changes in fur, eyes, mucosa, salivation, convulsion, 

tremor, coma, and behaviour patterns such as sleep and 

lethargy. The morbidity and mortality of the mice were also 

recorded, if these had happened to any mice. During the 



 Advances in Pharmacology and Pharmacy 13(1): 126-140, 2025 129 

 

study, the mice were weighed every 2 days. The study was 

conducted in accordance with the Organization for 

Economic Cooperation and Development (OECD) 

guidelines (Test No. 423) [30]. The dose is known to be 

harmful if the death of mice is 2/3 or greater; if the death 

of mice is 1/3 or less, the experiment must be repeated. If 

mortality continues, the dose is to be lowered [31]. 

2.6. Evaluation of Subacute Toxicity 

Ten healthy mice were taken and divided equally into 

two groups. The group that served as the CME-treated 

group, received daily dose of 400 mg/kg BW of CME 

orally for one month. The control group received distilled 

water orally for one month. After the experimental period, 

all mice were fasted for approximately 16 hours and then 

sacrificed. Taking OECD guidelines (Test no. 407) into 

account, the effects of subacute toxicity on mice were 

examined [32]. The internal organs, i.e., liver, kidney, lung, 

spleen, testis, and heart, were carefully observed to check 

if any morphological changes had occurred and the weight 

of these organs was recorded. Calculation of the relative 

organ weight (ROW) was done by dividing the organ 

weight (OW) with the BW measured for the last time and 

then multiplying the value by 100. 

ROW = (OW ×100)/BW 

Fixation of lung, kidney, and liver was done in 10% 

formalin for histopathological assessment. The organs 

were sectioned using a microtome after embedding in 

paraffin. Staining of the sections was done with 

haematoxylin and eosin. After mounting using 

dibutylphthalate polystyrene xylene (DPX), the slides were 

observed under a Leica DM750 microscope (Leica 

Microsystems Ltd., Switzerland) connected to a computer 

equipped with the Leica Application Suite (ver. 3.4.0) 

software (Leica Microsystems Ltd., Switzerland) for image 

visualisation. 

If the analyses do not indicate any toxic effect, the dose 

is considered to be tolerated by the mice. To reduce 

unnecessary use of mice, the evaluation of toxicity of CME 

for the dose 200 mg/kg BW was done based on the higher 

dose. 

2.7. Animal Grouping and Experimental Design 

20 male mice were equally distributed into the following 

4 groups: 

Group I – Control 

Group II – NDMA treated (5 mg/kg BW) 

Group III – NDMA treated (5 mg/kg BW) + CME 

treated (200 mg/kg BW) 

Group IV – NDMA treated (5 mg/kg BW) + CME 

treated (400 mg/kg BW) 

Mice of group I received neither NDMA nor CME. Mice 

of group II received NDMA solution prepared using 

normal saline at a dose of 8 mg/kg BW intraperitoneally on 

3 consecutive days of a week for 5 successive weeks. In the 

same way, mice of groups III and IV received NDMA, but 

CME doses of 200 mg/kg BW and 400 mg/kg BW was also 

given to the mice of groups III and IV respectively on each 

day for 30 days. During the experimental period, weighing 

of mice was done at 5-day intervals to check the gain or 

loss of BW. After the experimental period, the mice of all 

the groups were fasted for approximately 16 hours. In order 

to sacrifice humanely, the mice were anaesthetised for 

about 2 minutes. Blood was collected from all mice by 

cardiac puncture for analysis. The internal organs, i.e., the 

lung, kidney, liver, heart, testis, and spleen, were carefully 

checked to see if any morphological changes had occurred, 

and their weight was recorded to calculate ROW. The lung, 

kidney, and liver were taken and fixation was done in 10% 

formalin for histopathological examination. 

2.7.1. Assessment of Blood Parameters 

The levels of the biomarker enzymes in serum that are 

specific to the liver, viz. alkaline phosphatase (ALKP) and 

aspartate aminotransferase (AST) levels were assessed to 

analyse the effect of treatment on the function of liver. The 

concentrations of creatinine (CREA) and blood urea 

nitrogen (BUN) in blood serum were measured to evaluate 

the impact of treatment on the function of kidney. The 

concentrations of bilirubin, albumin, and protein were also 

calculated to analyse the health condition of the mice. All 

these estimations were performed by loading the blood on 

the collecting vial of an IDEXX Catalyst OneTM analyser 

(IDEXX Laboratories Inc., United States). 

2.7.2. Histopathological Examination 

The organs of the 4 different groups fixed in 10% 

formalin were sectioned using a microtome after 

embedding in paraffin. Staining of these sections was 

performed using haematoxylin and eosin stain. After 

mounting using DPX, the slides were examined under a 

Leica DM750 microscope (Leica Microsystems Ltd., 

Switzerland) connected to a computer equipped with the 

Leica Application Suite (ver. 3.4.0) software (Leica 

Microsystems Ltd., Switzerland) for image visualisation. 

Comparison of histopathological images of the liver of 

mice in the NDMA-treated group was done with those of 

mice in the control group to evaluate changes such as loss 

of intercellular cementing material, individualisation of 

hepatocytes, presence of mitotic figures and Pycnotic 

nucleus, occurrence of bizarre nuclear pattern with loss of 

cytoplasm, presence of fragmented nucleus, infiltration of 

hyperchromic mononuclear cells in the blood vessel, and 

focal coagulative necrosis. Comparison of 

histopathological images of kidneys of mice in the NDMA-

treated group was done with those of mice in the control 

group to evaluate renal toxicity, such as individualisation 

and reduction of tubular epithelium, glomerular 

proliferation, fusion and calcination in tubules, nuclear 

fragmentation, loss of nucleus from tubules, infiltration of 

inflammatory cells, eosinophilic protein cast, focal 

coagulative necrosis, and lymphoidal hyperplasia. 
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Comparison of histopathological images of the lungs of 

mice in the NDMA-treated group was done with those of 

mice in the control group to evaluate histopathological 

alterations, such as thickening of alveolar septa, 

aggregation of mononuclear infiltration, presence of 

spindle-shaped fibroblast cells, pulmonary atelectasis, 

presence of haemorrhagic areas, presence of emphysemic 

areas, and deposition of inflammatory cells in alveolar 

spaces. Finally, comparison between the histopathology 

images of mice of the NDMA + CME treated groups and 

the histopathology images of mice of the NDMA treated 

group as well as the control group was performed to 

histopathologically evaluate the protective efficacy of 

CME. 

2.8. Statistical Analysis 

Calculation of arithmetic mean (M) and standard error of 

mean (SEM) was performed for the collected data. 

Analysis of variance (ANOVA) was performed to 

determine the significance of differences between the 

experimental groups. Based on the type of data, required 

type of ANOVA was performed. The differences observed 

were considered statistically significant, when p ≤ 0.05. 

3. Results 

3.1. Screening of Phytochemicals 

The presence or absence of metabolites in the extracts is 

shown in Table 1. 

Table 1.  Detection of metabolites in methanolic extracts of P. crispum, 
M. koenigii, and C. tamala. 

Sl. 

No. 

Metabolite Methanolic 

extract of 

P. crispum 

Methanolic 

extract of 

M. koenigii 

Methanolic 

extract of 

C. tamala 

1 Alkaloids ++++ +++++ ++ 

2 Glycosides + ++++ - 

3 Flavonoids + + + 

4 Tannins ++++ ++++ +++++ 

5 Saponins +++ - - 

6 Phenols ++++ +++ +++ 

‘+’ indicates positive result. 

‘-’ indicates negative result. 

A higher number of ‘+’ indicates more amount of metabolite is present. 

3.2. Acute Toxicity Studies 

After oral administration of CME (2000 mg/kg BW), fur, 

eye, and mucosa appeared normal. No salivation, 

convulsion, tremor, coma, or unusual behaviour was 

observed. Neither morbidity nor mortality was observed in 

the acute toxicity study of 14 days. During the study, there 

was a normal increase in body weight of mice in the treated 

and control groups. Hence, the lethal dose of CME for 50% 

(LD50) would be higher than 2000 mg/kg BW. 

Subsequently, two doses, 2/10th and 1/10th of 2000 mg/kg 

BW, were taken for further studies. 

3.3. Subacute Toxicity Studies 

The gain of body weight of the CME-treated group 

during the study period was not significantly different (p > 

0.05) from that of the control group. After the mice were 

sacrificed, no evidence of changes was observed in the 

external morphology of the studied organs of the CME-

treated group compared with that of the control group. The 

subacute oral administration of CME did not create a 

significant difference (p > 0.05) in the relative organ weight 

among the two groups (Figure 1). The histopathological 

study of the liver, kidney, and lung did not show any sign 

of histological lesions in the two groups (Figures 2, 3, and 

4). 

Thus, the safe use of CME was confirmed for the dose 

400 mg/kg BW. Considering that most studies on chemical 

safety check the toxic effects of drugs at higher doses and 

then assume decreasing toxicity with lower doses [33,34], 

subacute treatment at a dose 200 mg/kg BW was assumed 

to be safe for further experiments. In addition, published 

literature shows that each of the crude extracts of the three 

plants can be safely used at doses higher than 200 mg/kg 

BW [35-37]. 

3.4. Effect of Treatment on BW of Mice in Different 

Experimental Groups 

During the study period, there was gain of BW in the 

control group. However, in the NDMA-treated group, 

NDMA + CME (200 mg/kg BW) treated group, and 

NDMA + CME (400 mg/kg BW) treated group there was 

loss of BW. 

When compared with the control group, the change in 

BW of the NDMA-treated group was found to be most 

different (Figure 5). 

3.5. Effect of Treatment on the ROW of Mice in 

Different Experimental Groups 

After the experimental period, a significant difference 

was found between the ROW of the liver of NDMA-treated 

mice and that of control mice. In the intergroup comparison 

of ROW, no significant difference was found between the 

ROW of the liver of NDMA + CME (200 mg/kg BW) 

treated mice and that of control mice; however, there was a 

significant difference between the ROW of the liver of 

NDMA + CME (400 mg/kg BW) treated mice and that of 

control mice. A significant difference was also found 

between the ROW of the liver of NDMA + CME (200 

mg/kg BW) treated mice and that of NDMA-treated mice. 

In contrast, no significant difference was found between the 

ROW of other organs of the experimental groups (Figure 

6). 
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Figure 1.  Relative organ weight of the control group and CME-treated group. The data are in the form of M ± SEM (n = 5). The differences of relative 

organ weight of the studied organs of the two groups were not found to be statistically significant 

   

A                                        B                                     C 

Figure 2.  Photomicrographs of liver sections of mice of the subacute toxicity study stained with haematoxylin and eosin. Magnification: 400x. A: 

Liver section of mice in the control group; B and C: Liver sections of mice in the CME-treated group 

   

A                                     B                                   C 

Figure 3.  Photomicrographs of kidney sections of mice of the subacute toxicity study stained with haematoxylin and eosin. Magnification: 400x. A: 

Kidney section of mice in the control group; B and C: Kidney sections of mice of in the CME-treated group 
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A                                     B                                       C 

Figure 4.  Photomicrographs of lung sections of mice of the subacute toxicity study stained with haematoxylin and eosin. Magnification: 400x. A: 

Lung section of mice in the control group; B and C: Lung sections of mice in the CME-treated group 

 

Figure 5.  Changed BW of mice of different groups at the end of the experimental period. The data are in the form of M ± SEM (n = 5). The highest 

difference was found between the changed BW of the NDMA-treated groups and that of the control group 

 

Figure 6.  Observation of the impact of treatment on the ROW of mice of different experimental groups. The data are in the form of M ± SEM (n = 5). 

Statistically significant: *p < 0.05 compared with control group; #p < 0.05 compared with NDMA-treated group 
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3.6. Effect of Treatment on the Blood Parameters of 

Mice in Different Experimental Groups 

In the biochemical analysis of the blood of different 

experimental groups, a significant difference was found 

between the AST level of blood of NDMA-treated mice 

and that of control mice. No significant difference was 

found between the AST level of blood of NDMA + CME 

(200 mg/kg BW) treated mice and that of control mice. It 

was found that there was a significant difference between 

the AST level of blood of NDMA + CME (200 mg/kg BW) 

treated mice and that of NDMA-treated mice (Table 2). In 

addition, non-significant differences were observed when 

the CREA, TP, ALB, and ALKP level in the blood of 

NDMA-treated group were compared with the level of 

these biochemicals in the blood of the control group. 

3.7. Effect of Treatment on the Histopathological 

Structures of Selected Organs of Mice in Different 

Experimental Groups 

3.7.1. Liver 

 Histopathology image of liver of control mice (Figure 

7A) showed normal histological architecture. 

Hepatocytes were normal and nuclei were of uniform 

size. 

 Histopathology images of liver of NDMA treated 

mice (Figure 7B, 7C, 7D, and 7E) revealed that 

coagulative necrosis had taken place and also 

indicated cirrhosis condition. Carcinogenic changes 

in the liver sections included presence of mitotic 

figures, karyorrhexis, presence of bizarre nuclei, and 

sclerosing hyaline necrosis. Fibrous septa contained 

mononuclear inflammatory infiltrates. Blood 

precursors, such as erythroid and myeloid precursors 

were present in some cases. 

 Histopathology images of liver of NDMA + CME 

(200 mg/kg BW) treated mice (Figure 7F and 7G) 

showed normalized histological architecture with 

mild degenerated changes. Number of mononuclear 

inflammatory infiltrates (MII) in septa was reduced. 

 Histopathology images of liver of NDMA + CME 

(400 mg/kg BW) treated mice (Figure 7H and 7I) 

showed normalized hepatocyte structure. However, a 

mild level of degeneration with fatty changes was 

observed. 

3.7.2. Kidney 

 Histopathology image of kidney of control mice 

(Figure 8A) showed normal histological architecture. 

The structure of tubules was normal. 

 Histopathology images of kidney of NDMA treated 

mice (Figure 8B, 8C, 8D, and 8E) revealed that 

coagulative necrosis had taken place and histological 

architecture was lost. Nuclei were lost from tubules 

due to karyorrhexis and karyolysis. Other 

histopathological alterations included fusion of 

tubules, eosinophilic protein cast, damage of tubular 

membrane, vacuolation, and focal area tubular 

necrosis. In some regions glomerular proliferation 

was also observed. 

 Histopathology images of kidney of NDMA + CME 

(200 mg/kg BW) treated mice (Figure 8F and 8G) 

showed normalized histological architecture with 

nuclei of uniform size. Tubular membrane was 

damaged only at some regions. 

 Histopathology images of kidney of NDMA + CME 

(400 mg/kg BW) treated mice (Figure 8H and 8I) 

showed normalized histological architecture with 

nuclei of uniform size. Damage of tubular membrane 

and fusion of tubules occurred only at some regions.  

3.7.3. Lungs 

 Histopathology image of lung of control mice (Figure 

9A) showed normal histological architecture. Normal 

alveolar septa and alveolar sacs of apparently uniform 

size were present. 

 Histopathology images of lung of NDMA treated 

mice (Figure 9B, 9C, 9D, and 9E) revealed that 

alveolar septa had become thin and fragile in some 

regions which led to the breakage of alveolar septa. 

Other histopathological alterations included 

emphysemic areas, thickening of alveolar wall, 

haemorrhagic area, fibrous exudates, and aggregation 

of lymphocytes. 

 Histopathology images of lung of NDMA + CME 

(200 mg/kg BW) treated mice (Figure 9F and 9G) 

showed normalized histological architecture with 

mild degenerated changes. Thin and fragile alveolar 

septa were seen at some regions. 

 Histopathology images of lung of NDMA + CME 

(400 mg/kg BW) treated mice (Figure 9H and 9I) 

showed normalized histological architecture with 

mild degenerated changes. Thickening of alveolar 

wall was observed at some regions. 
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Table 2.  Biochemical tests to check the effect of treatment on the blood parameters of mice in different experimental groups 

Parameters Control NDMA treated NDMA + CME (200 mg/kg BW) NDMA + CME (400 mg/kg BW) 

BUN (mg/dL) 28 ± 3.61 17 ± 1 13 ± 0.58 12.33 ± 0.67 

CREA (mg/dL) 0.10 ± 0.01 2.06 ± 0.99 0.10 ± 0.01 0.2 ± 0.1 

TP (g/dL) 17.57 ± 0.03 10.47 ± 1.63 15.13 ± 0.03 14.13 ± 0.03 

ALB (g/dL) 10.13 ± 0.03 6.13 ± 0.03 11.13 ± 0.03 11.53 ± 0.03 

AST (U/L) 193.67 ± 7.36b 2065.67 ± 34.03a 192 ± 19.08b 136.67 ± 30.72a, b 

ALKP (U/L) 34.7 ± 3.99 5.13 ± 0.03 9.53 ± 0.03 9.87 ± 0.03 

TBIL (mg/dL) 27.57 ± 0.43 28.03 ± 0.03 27.03 ± 0.92 28.03 ± 0.03 

Values are expressed as M ± SEM. 

aValues are statistically significant at p < 0.05 compared with the control group. 

bValues are statistically significant at p < 0.05 compared with the NDMA-treated group. 

   

A                                     B                                    C 

     

D                                      E                                  F 

   

G                                      H                                 I 

Figure 7.  Photomicrographs of haematoxylin and eosin-stained liver sections of mice from different experimental groups. Magnification: 400x. A: 

Liver section of control mice; B, C, D, and E: Liver sections of NDMA-treated mice; F and G: Liver sections of NDMA + CME (200 mg/kg BW) 

treated mice; H and I: Liver sections of NDMA + CME (400 mg/kg BW) treated mice. (Here NU - nucleus of uniform size, NH - normal hepatocyte, 

K – karyorrhexis, MII - mononuclear inflammatory infiltrate, EP - erythroid precursor, MP - myeloid precursor, BN - bizarre nucleus, MF - mitotic 

figure, SHN - sclerosing hyaline necrosis, FC - fatty change) 
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Figure 8.  Photomicrographs of haematoxylin and eosin-stained kidney sections of mice from different experimental groups. Magnification: 400x. A: 

Kidney section of control mice; B, C, D, and E: Kidney sections of NDMA-treated mice; F and G: Kidney sections of NDMA + CME (200 mg/kg BW) 

treated mice; H and I: Kidney sections of NDMA + CME (400 mg/kg BW) treated mice. (Here NTS - normal tubular structure, K – karyorrhexis, DCM 

- damage of cell membrane, FT - fusion of tubule, EPC - eosinophilic protein cast, KL – karyolysis, DTM - damage of tubular membrane, V – vacuolation, 

FTN - focal area tubular necrosis, GP - glomerular proliferation, LN - loss of nuclei) 



136  Protective Effects of Combined Extract of Petroselinum crispum, Murraya koenigii, and Cinnamomum tamala against   

N-nitrosodimethylamine Induced Carcinogenic Changes in Mouse 

   

A                                        B                                    C 

    

D                                       E                                      F 

   

G                                      H                                      I 

Figure 9.  Photomicrographs of haematoxylin and eosin-stained lung sections of mice from different experimental groups. Magnification: 400x. A: 

Lung section of control mice; B, C, D, and E: Lung sections of NDMA-treated mice; F and G: Lung sections of NDMA + CME (200 mg/kg BW) treated 

mice; H and I: Lung sections of NDMA + CME (400 mg/kg BW) treated mice. (Here TAW - thickening of alveolar wall, HA - haemorrhagic area, FE 

- fibrous exudates, AL - aggregation of lymphocytes, EA - emphysemic areas, TFAS - thin and fragile alveolar septa, BAS - breakage of alveolar septa) 

4. Discussion 

Despite remarkable advancements in cancer detection 

and treatment, cancer continues to be a major global health 

problem, causing the death of approximately 9.6 million 

people each year [38-40]. The causes of 90–95% of cancer 

cases are lifestyle-related matters and environmental 

reasons, while the remaining 5–10% are caused by 

inherited genetic problems [41,42]. Contamination of our 

food by carcinogenic nitrosamines can be a cause of the 

high rate of global cancer incidence. The predominant 

nitrosamine formed in processed meat, cured fish, 

alcoholic beverages, cheese, and water disinfected with 

dichloramine is NDMA [7]. 

Experimentally, it has been found that the target organs 

for nitrosamine-induced carcinogenicity in a mouse model 

system are the liver, kidney, and lung [7,43]. The liver 

being the major site for metabolism and detoxification of 

chemicals, faces oxidative stress. Exposure to potent 

carcinogens, such as NDMA, leads to the pathogenesis of 

liver diseases causing fibrosis, cirrhosis, and carcinoma. In 

1957, it was reported that a new malignant liver disease 

occurred in the farmed minks of Norway’s fur farms. Their 

diet contained fish (herring). Later, in the early 1970s, there 

was an additional disease outbreak in Norway’s farm 

animals in which liver carcinogenicity was reported. 

Extensive toxicological research on cows and sheep using 

a diet containing herring showed toxicity in the liver, which 

caused the death of some animals. Analysis of the meal 

showed that the nitrite-treated herring meal contained up to 

100 ppm NDMA. At the time of the outbreak of this disease, 

sodium nitrite was used as a preservative in fish products 

in Norway [7]. The fact that NDMA was responsible for 

carcinogenicity in the liver is supported by the findings of 
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this study. 

In the present study, evidence of hepatocarcinogenesis in 

mice induced through intraperitoneal administration of 

NDMA included histopathological changes, such as 

coagulative necrosis, karyorrhexis, bizarre nuclei, 

sclerosing hyaline necrosis, and mononuclear 

inflammatory infiltrates. The histopathological evidences 

of NDMA-induced renal toxicity were coagulative necrosis, 

karyorrhexis, karyolysis, fusion of tubules, eosinophilic 

protein cast, damage of tubular membrane, vacuolation, 

and focal area tubular necrosis. NDMA-induced 

histopathological injury in the lung included alveolar septa 

becoming thin and fragile, breakage of alveolar septa, 

emphysemic areas, thickening of alveolar wall, 

haemorrhagic area, fibrous exudates, and aggregation of 

lymphocytes. These results agree with the results of 

experiments on inducing hepatic fibrosis in mice using 

NDMA [44,45]. 

Our study revealed that the methanolic extracts of P. 

crispum, M. koenigii, and C. tamala contain good amounts 

of alkaloids, glycosides, flavonoids, tannins, saponins, and 

phenols. Thus, the combination of the three extracts must 

have heightened the content of these phytochemicals in the 

prepared doses. Moreover, the toxicity tests performed on 

mice showed that the combined plant extract formulation 

did not have toxic effects at the applied doses. 

In NDMA + CME-treated mice, the histological 

architecture of the liver section appeared to be normalised 

with mild degenerated changes. The number of 

mononuclear inflammatory infiltrates in the septa was 

reduced. However, in some areas of the liver section, a mild 

level of degeneration with fatty changes was observed. 

Histopathological images of the kidneys of NDMA + 

CME-treated mice showed normalised histological 

architecture with nuclei of uniform size. Damage to the 

tubular membrane and fusion of tubules occurred only in 

some regions. Similarly, histopathological images of the 

lungs of NDMA + CME-treated mice showed normalised 

histological architecture with mild degenerated changes. 

Thin and fragile alveolar septum or thickening of the 

alveolar wall was observed in some regions. These 

histological findings are in agreement with the results of in 

vivo experiments using extracts of P. crispum and C. 

tamala to mitigate liver and kidney toxicity [46,47]. 

Additional data analysed to support the histopathological 

data of protective efficacy of CME against NDMA-induced 

carcinogenic changes included changes in BW, ROW, and 

blood parameters. A significant effect of treatment on the 

BW of mice of different experimental groups was not found. 

The difference between the gain of BW of the control group 

and the loss of BW of the NDMA + CME-treated group 

was less than the difference between the gain of BW of the 

control group and the loss of BW of the NDMA-treated 

group. This loosely indicated that the administration of 

CME helped in maintaining the BW. A significant effect of 

treatment on the ROW of mice of different experimental 

groups was found only in the case of the liver. The presence 

of significant differences in the AST level of blood of mice 

in different experimental groups showed the significant 

effect of treatment on this parameter of blood. The high 

level of AST in the blood of NDMA-treated mice indicated 

that there was some liver damage. The normal level of AST 

in the blood of NDMA + CME (200 mg/kg BW) treated 

mice and its significant difference from the AST level in 

the blood of NDMA-treated mice indicated that CME 

treatment at dose 200 mg/kg BW helped in the mitigation 

of this toxic effect. The reason for this normalization of 

pathological changes upon the treatment of CME can be 

attributed to the bioactive compounds present in it. Many 

phytochemicals found in culinary herbs and other plant 

foods have bioactive properties, hence they prevent and 

reverse the processes that lead to chronic diseases [48]. In 

silico studies explain the mechanism of such protections. 

Mendie and Hemalatha [49] carried out in silico studies for 

50 bioactive phytochemicals to know the potentials of these 

phytochemicals to block the development of cancer via 

modifying growth factor receptors. Their analysis showed 

that bioactive compounds have the capacity to bind with 

cell receptors, inhibiting growth factors and so preventing 

the proliferation of cancer cells. 

5. Conclusions 

In light of previous findings, this study indicated that 

CME counteracted the carcinogenicity induced by NDMA. 

The bioactive compounds of the crude extract of P. crispum, 

M. koenigii, and C. tamala must have acted synergistically 

in the mitigation of this carcinogenicity. The protective 

efficacy of CME was more pronounced in the NDMA + 

CME (200 mg/kg BW) treated group than in the NDMA + 

CME (400 mg/kg BW) treated group. 

The hepatic changes observed were the prepathological 

changes of cirrhosis, which leads to the carcinogenesis of 

hepatocellular carcinoma. Liver cancer is one of the most 

commonly occurring forms of cancer. In addition, the 

harmful side effects of drugs used to treat liver cancer pose 

a threat to the global healthcare system. This underlines the 

need to conduct further research for finding anticancer 

natural compounds with low toxicity and for finding their 

effective doses. Our study supports the treatment of 

carcinogenicity induced by NDMA. 
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