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Effect of ethanolic garlic extract and fatty acid on 

histology and DNA related damage of nickel chloride 

induced carcinoma in albino rats 

 
Joseph B Minari, Emmanuel O Oludipe, Musiliu O Ogunkanmi, 

Adedoyinsola Egbuwoku, Samuel O Adebudo and Jeremiah T Folaju 

 
Abstract 
Bioactive component from medicinal plants continues to be the centre of research in treatment of 

ailments. In this study, we evaluated the inhibitory effect of ethanolic Garlic extract and its HPLC fatty 

acid elute on the histology and DNA of nickel chloride induced female albino rats (Rattus norvegicus). 

The result showed disparities in weight across groups throughout the experimental period, with the group 

treated with fatty acid having the highest weight. Tumour was observed in the negative control group. 

Result from PCR gene amplification (ULBP3, STX17, PRDX5, Il2 and CTLA4) showed distinct bands, 

which suggest the DNA was not damage. The histology showed variation in aggressiveness of nickel 

chloride pathogenesis in relation to treatment. This study help confirm the chemo-preventive properties 

of Garlic and suggest that, at least in part it fatty acid constitute fat deposition in tissues, could be 

detrimental to it ameliorative efficacy. 

 

Keywords: Allium sativum, cancer, medicinal plants, HPLC, nickel chloride 

 

1. Introduction 

Nickel and it compounds are employed as manufacturing chemicals in the production of metal 

alloys, batteries, electroplating utensil/jewelry, surgical staples, coins and other industrial 

processes [1, 2]. Exposure to the nickel compounds have been implicated in several in vitro, 

animal and human studies as carcinogen and toxic agents, while it has also been described as a 

source of industrial, environmental and occupational health hazard [3, 4, 5]. However, the 

carcinogenic potency of nickel compounds in research studies tend to be inversely related to 

the solubility of the compounds [6]. Previous researches on Nickel and its compounds have 

been concerned with its role in cancer of the respiratory tract through inhalation [7, 8]. Nickel 

chloride is a water-soluble salt, which could present a dangerous influence on human health 

through percutaneous adsorption and ingestion via food and drink [9, 10, 11]. Other reports have 

also suggested that Nickel chloride could causes damage to DNA and cells via the indirect 

production of Reactive Oxygen Species [12, 5], which could be a mechanism for the induction of 

cancer. Hence, it becomes imperative to investigate the latent damage of Nickel chloride on 

tissue and genetic integrity through experimentation and profound possible solution to 

treatment. 

Ongoing research throughout the world to seek out alternative effective means of cancer 

treatment, as conventional treatments are often associated with high risk dosage of drugs, 

toxicity, severe side effects and higher cost of treatment [13, 14]. As part of sustainable means of 

treating diseases, the uses of medicinal plant holds therapeutic potentials and have shown to 

play key role in treating a number of diseases including cancer [15, 16]. Garlic has been widely 

acclaimed to be an effective anti-proliferation agent against different form of carcinoma [17]. It 

most active compound is Allicin, an organosulfur compound from the catalytic action of 

Allinase on Alliin when cloves Garlic is crushed [18]. The viability of the bioactive component 

of these medicinal plants with high effectiveness and lower side effects is much desirable. A 

comparative study on it phytochemicals and fatty acid content can help to elucidate it health-

promoting activity in inhibiting cancer initiation. Therefore, the aim of this study was to 

investigate the chemo-preventive effects of ethanolic Garlic extracts and its HPLC fatty acid 

elute on tumorigenesis in Albino rats exposed to Nickel Chloride. 
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2. Materials and Methods 

2.1 Materials 

Fresh Garlic bulbs were purchased from the Bariga Market, 

Lagos State, Nigeria. The cloves was identified and 

authenticated as Allium sativum by a taxonomist at the 

Herbarium Unit, Department of Botany, University of Lagos. 

Ninety female albino rats (Wistar) were obtained from the 

animal house, University of Lagos Teaching Hospital, ldi 

Araba, Lagos. All chemicals and reagents used throughout 

these research were commercially obtained and of analytical 

grade. Primers and DNA extraction kits were ordered from 

InqabaBiotec West Africa Ltd (IBWA). 

 

2.2 Preparation of ethanol Garlic extract 

The Garlic cloves were separated and dried at room 

temperature away from sunlight for fourteen (14) days. The 

outer dry clove sheaths were peeled off to induce Allicin 

(diallyl thiosulfinate) production, and the dried garlic cloves 

were further crushed. The ethanol Extraction was done 

according to the extraction technologies for medicinal and 

aromatic plants outlined by Sukhdev et al., 2008 [19]. Two (2) 

kg was macerated in a stoppered glass container containing 

ethanol for 48 hours with frequent agitation. The mixture was 

filtered using a 200 mm mesh followed by vacuum filtration 

through a Whatman filter paper. The filtrate was concentrated 

using a rotary evaporator at 45°C into a paste and further 

under dry air. 

 

2.3 Phytochemical screening of the plant extract 

Preliminary Qualitative phytochemical screening of the 

ethanol extract of garlic was carried out by methods of 

analysis described by Handa et al., 2008 and Trease and 

Evans, 1983, at the Biochemical Laboratory, University of 

Lagos Teaching Hospital. The Garlic ethanol Extract was 

tested for presence of Saponin, Tannin, Flavonoid, Glycoside, 

Steroid, Terpenoids, Antraquinone, Alkaloid, Fehling and 

Molisch [20, 21]. 

 

2.4 Fatty acid analysis using High Performance Liquid 

Chromatography (HPLC) 

The HPLC analysis of ethanolic extract was carried out 

performed using a CLARUS 500GC HPLC system at the 

Rolab Laboratory, University of Ibadan. The separation was 

performed on a reverse- phase column C18 (100 mm × 3 mm, 

3µm) at ambient temperature. The mobile phase consists of 

acetonitrile and purified deionized (20:80) water and the 

separations were performed by using isocratic mode. The 

flow rate was 1.0 ml/min. The samples detection was done at 

220 nm by digital multimeter (DMM). All chromatographic 

data were recorded by a computer loaded with a data 

acquisition program. 

 

2.5 Experimental animals 

Rattus norvegicus rats were used as experimental animals in 

this study. The rats were housed in rat cages at room 

temperature (18-25 0C) in the Cell Biology and Genetics 

Animal Laboratory, University of Lagos. They were feed with 

rat pellets and liberally provided tap water ad libitum. They 

were aclimitizated to the housing for a period of two (2) 

weeks before experimental procedures and treatment was 

administered. Experimental animals were treated in 

accordance with the national and institutional guidelines for 

the protection of the animals’ welfare during experiments as 

acceptable internationally according to World Medical 

Association Helsinki Declaration, 2013. 

 

2.5.1 Experimental design 

The experimental animals were distributed into eight groups 

(n=5). The rats were administered with a single 

intramammary injection dose of 20mg kg-1 Nickel Chloride, 

excluding the positive control group (Group PC). All rats 

were inspected daily for physical condition. The first 

exposures of the fractionated treatments were given at 3 days 

after inducement. Treatments were given administered daily 

orally. Group TA, TB and TC were administered 50, 100 and 

200 mg kg-1 HPLC fatty acid elute respectively, while Group 

GA, GB and GC were administered 50, 100 ad 200 mg kg-

1ethanolic garlic extract. Group NC was Negative Control. 

 

2.5.2 Blood Collection 

Twenty-Four hours after the last treatment administration, the 

experimental rats were sacrificed by cervical dislocation and 

the blood collected by bleeding through the jugular vein in 

EDTA containing sample bottles. 

 

2.5.3 Tissue Collection and Processing 

Breast tissues was dissected out from anesthetized rats at 

sacrifice, and stored appropriately labeled sample bottles 

containing 10% formalin buffer. The Histological sample was 

embedded in paraffin wax, sectioned at 4-5 um and 

subsequently stained with hematoxylin and eosin (H&E). The 

H&E stained sections of the tumours was studied under the 

light microscope at 4, 10 and 40 magnifications. 

 

2.6 DNA Extraction, Polymerase Chain Reaction (PCR) 

and Electrophoretic analysis 

The DNA extraction and PCR was carried at the Central 

Research Laboratory, University of Lagos. Quick-DNA 

MiniprepPlus Extracting Kit used was purchased from 

INQABA Biotech, South Africa, the protocol was based on 

spin column using the manufacturer's manual guide. The 

blood samples were pipetted into an Eppendorf tubes. The 

DNA kit manufacturer's protocol was followed to obtained 

high purity genomic DNA from the samples. The quality of 

DNA extracted was checked by UV-Spectrophotometric 

Analysis (EppendorfBioPhotometer Plus) and Gel 

electrophoresis. The gene sequence for this study was 

obtained on the GenBank section of NCBI website, the primer 

design was based on sequence in database and primer 

sequence obtained from literature. Primer3 plus was used to 

validate the listed primers for optimized selection. The 

primers were synthesized and order from INQABA Biotech, 

South Africa. The PCR was run at annealing temperature of 

55oC. The amplification product was separated on a 1.5% 

agarose gel and electrophoresis was carried out at 80 V for 1 h 

30 min. The DNA bands were visualized using ethidium 

bromide stain.  

 

ULBP3 primer 

F(5'-CGAGAGAACTTTGCACTATG-3'), 

R(5'-GGCACTTTCACGTATAACTT -3') 

STX17 primer: 

F(5'-AGGATGTCCGAAGATGAGG-3'), 

R(5'-CACTTCTTAACACTGTTCCA-3') 

PRDX5 primer: 

F(5’-TCTTTGGGAATCGTCGGCTA-3’), 
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R(5’-TGGAGGAGATGGGAGAGTCA-3’) 

Il-2 primer: 

F(5'-AGGATGTCCGAAGATGAGG-3'), 

R(5'-CACTTCTTAACACTGTTCCA-3') 

CTLA4 primer: 

F(5'-GTAGTCTCCTTGCCGTAGCC-3'), 

R(5'-AGTGGAATGGCTCTGCTTAACC-3') 

 

2.7 Statistical analysis 

Statistical analysis was carried out using GraphPad Prism 

version 8. All values expressed as mean ± standard deviations 

(SD). Significant differences were established by using a 

repeated measure Analysis of Variance (ANOVA) based on 

the general linear model (GLM) and Tukey post-hoc test of 

multiple comparism was used to determine between group 

differences (p< 0.05). 

 

3. Result 

The results of qualitative phytochemical screening analysis of 

ethanolic extract of Garlic revealed the presence of Saponin, 

Tannins, Flavonoids, Glycosides, Steriod, Terpenoid and 

Alkaloids. However, Antraquinone, Fehling and Molisch 

were absent (Table 1). 

 
Table 1: Qualitative analysis of an ethanolic extract of Garlic (Allium sativum) 

 

Phytochemical components Test Result 

Saponin + 

Tannin + 

Flavonoid + 

Glycoside + 

Steroid + 

Terpenoids + 

Antraquinone - 

Alkaloid + 

Fehling - 

Molisch - 

Key: (+) = Present; (−) = Absent 
 

The HPLC fatty acid analysis of Garlic acid are shown in 

Table 2, linoleic acid had the highest concentration of 23.92% 

area followed by oleic acid (19.33%), lauric acid (17.15%), 

eicosenoic acid (10.43%), palmitic acid (10.18%), elaidic acid 

(7.58%) and myristic acid (6.14%). The total saturated fatty 

acid is 38.29% while the total unsaturated fatty acid is 

61.71%. 

Figure 1 shows the effect of ethanolic extract of Garlic 

(Allium sativum) and fatty acid extract on the weight trend of 

experimental animals over a period of five weeks. The 

experimental rats in the negative control group showed 

repressed growth throughout the treatment administration. 

Rats administered with the Garlic extract at 100 mg/kg and 

200 mg/kg showed median growth rate, while the 50 mg/kg 

garlic extract treatment had a decline in weight from the 

second week of treatment through the experimental period. 

There was a progressive increase in the weights of rats that 

were administer fatty acid extract at 100 mg/kg, and the 

positive control group. The 50 mg/kg fatty extract showed a 

sharp decline by the second week followed by a significant 

increase in growth from the three week of treatment. The 

negative control induced with nickel chloride only had repress 

growth until the end of the experimentation. Physical 

examination of experimental animals following 

administration of Nickel Chloride showed presence of 

localized tumour at the fifth week of treatment (Figure 2). 

 
Table 2: HPLC profile of fatty acid of ethanolic extract of Garlic (Allium sativum) 

 

Component Fatty Acid (Common name) Saturation Time (min) Area/Height (s) Area (%) 

C8:0 Octanoic acid (Caprylic acid) saturated fatty acids 15.517 16.3182 2.41 

C10:0 Decanoic acid (Capric acid) saturated fatty acid 21.253 15.5395 2.32 

C12:0 Dodecanoic acid (Lauric acid) saturated fatty acid 25.852 14.3593 17.15 

C14:0 Tetradecanoic acid (Myristic acid) saturated fatty acid 30.232 10.6007 6.14 

C16:0 Hexadecanoic acid (Palmitic acid) saturated fatty acid 33.902 7.545 10.18 

C16:1 hexadec-9-enoic acid (Palmitoleic acid) unsaturated fatty acid 34.679 5.6946 0.2 

C17:0 Heptadecanoic acid (Margaric acid) saturated fatty acid 35.6 4.9283 0.09 

C18:1n9t Elaidicacid unsaturated fatty acid 37.224 10.5129 7.58 

C18:1n9c Oleic acid unsaturated fatty acid 37.713 8.5729 19.33 

C18:2n6c Linoleic acid unsaturated fatty acid 38.789 9.7792 23.92 

C20:1 Eicosenoicacids unsaturated fatty acids 40.252 11.6958 10.43 

C18:3n3 α-Linolenic acid unsaturated fatty acid 40.962 7.6459 0.25 

 

http://www.thepharmajournal.com/


 
 

~ 14 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 

 
 

Fig 1: Effects of ethanolic extract of Garlic (Allium sativum) and fatty acid extract on Nickel Chloride induced albino rats. 

 

The values are expressed as mean ± SEM of data in two 

experiments. ANOVA test was used for statistical analysis 

(P< 0.05) 

 

 
 

Fig 2: Peri-mammary tumor (0.5x0.5 cm) in the negative control 

group of experimental female albino rats 

 

*Circle indicates the location of Nickel Chloride induced-

tumor 
Figure 3 shows the histological sections of breast tissues of 

the experimental albino rats. The negative control figure 3a 

shows Nickel Chloride induced lobular alveolar hyperplasia 

while figure 3e shows normocellular glands of the positive 

control. Figure 3b,c and d is the histological sections of rat 

breast treated with 50, 100 and 200 mg/kg ethanolic garlic 

extracts and figure 3f,g and h treated with 50, 100 and 200 

mg/kg fatty acid extracts, with normal ducts lobular units in a 

background of adipose tissue. 

 

 
 

Fig 3: Effect of ethanolic garlic and fatty acid extract on breast tissue 

in Nickel Chloride induced albino rats. (a-h) 

 

Figure shows a representative view from each group. (a) 

Negative Control (b)NiCl + 50 mg/kg fatty acid (c), NiCl + 

100 mg/kg fatty acid (d) NiCl + 200 mg/kg fatty acid 

(e)Positive Control group (f)NiCl + 50 mg/kg ethanolic garlic 

extract (g)NiCl + 100 mg/kg ethanolic garlic extract and (h) 

NiCl + 200 mg/kg ethanolic garlic extract 
 

 
 

Fig 4a, b, c, d and e: are the electrophoretic band of the ULBP3, 

STX17, PRDX5, Il2 and CTLA4 genes respectively obtained from 

the blood of Nickel Chloride induced albino rats. 

 

Figure 4: Electrophoretic bands of a: ULBP3 b:STX17 

c:PRDX5 d:Il2 e:CTLA4 genes from the blood of Nickel 

Chloride induced albino rats 

 

4. Discussion 

Phytotherapy remain a commonly accessible means of 

treatment of diseases especially in low and middle income 

countries. While Garlic (Allium sativum) has gained 

reputation in the prevention and treatment of microbial 

infections, lowering blood pressure, diabetes, and cancer 

among other ailment [21, 22, 23]. Presence of phytochemicals 

such as Flavonoids, Glycosides, Alkaloids, Saponin, and 

Tannins which were reported in the qualitative phytochemical 

analysis of ethanolic extract of Garlic (Allium sativum) are in 

agreement with that of Ali and Ibrahim 2019 except for 

anthraquinones absent in our study [24]. These phytochemicals 

are known to exhibit remarkable medicinal effects, as 

reported in other medicinal plants [25]. Allicin (diallyl-

dithiosulfinate) a sulfur-containing volatile component of 

garlic and an alkaloid have been generally regarded as the 

therapeutic agent in Garlic bioactivity [26, 27]. Allicin has a 

broad spectrum of cellular targets, particularly of interest is 

that report have shown it is effectiveness against 

microorganisms and cancer [28, 25].The chemotherapeutic effect 

of allicin against NiCl2-induced DNA damage may also be 

attributed to its ability to stimulate immune effector cells 

which includes T- cells [29]. 

The tumor outgrow seen in albino rats five weeks after 

injection with Nickel Chloride suggests the carcinogenic 
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effect of Nickel Chloride and it contribution to tumorigenesis 

initiation at the region. The Nickel Chloride induced albino 

rats treated with the fatty acid Extract show a general increase 

growth in weight, this suggest accumulation of the larger 

percentage of the fatty acid in the tissue of the animals. The 

influence of fatty acid on weight can neither be attributed to 

toxic effects. However, fluctuation in weight observed in 

some group that receive the treatment probably resulted from 

the adjusting action of the animal to stress. We suggest plant 

extracts should be defatted before use. At 100 mg/kg 

administration of garlic extract, there was steady growth of 

the rats. The lower 50 mg/kg garlic extract which resulted in a 

decline in weight and 200 mg/kg with repressed growth, 

implies that the amount of Garlic ingested need to be control 

to achieve optimum nutritive effect. However, readings from 

the growth studies allow is unclear as to the definite chemo-

preventive effect of garlic extract against related pathological 

metabolism of nickel. Majority of the earlier reported 

bioactive component of Garlic are present in polar and mid 

polar medium [30, 31], this implies no nutritional or chemo-

preventive effect were exhibited by the fatty acid increase in 

weight. 

This study confirms the carcinogenic nature of Nickel 

chloride salt, observed from the negative control group. Only 

rats from this group had tumour growth on the mammary 

gland as seen in figure 2. Different nickel compounds have 

also been reported to induce carcinogenesis through 

intraperitoneal and injection administration, and this process 

result in oxidative damage, generation of reactive oxygen 

species (ROS) or inhibition of repair and inhibit DNA repair 

enzyme [32]. The histomicrograph of the tissue obtained from 

the breast region shows variation in Nickel Chloride 

pathology. The positive control group indicates the feature of 

a normal breast tissue histological section without any 

neoplastic change. According to Sloane et al. 1994 the 

histopathological classification of breast tissue carcinoma is 

subjective, despite an attempt to provide clear guidelines the 

inter-observer variability is known to be high and there is a 

lack of uniformly agreed criteria [33, 34]. Neoplastic 

transformation is nevertheless accounted for as an indication 

of nickel compound-induced cell proliferation which is in 

accordance to the report given by Salnikow and Zhitkovich 

(2008) [35]. Treatment with Garlic extract at 100 mg/kg 

improved the histological changes of breast cancer-induced 

by reduced proliferative indexes of cancer-induced Nickel 

Chloride with moderate effect on growth. Previous studies 

indicated that Garlic extract (Allicin) inhibits the growth of 

tumor in mice. Garlic extract in fighting malignant cancer 

cells has been reported to increases caspase-3 activity in the 

human cancer cell lines, such as in hepatic, colon, prostate, 

and breast cancer [37]. The PCR product bands observed in the 

agarose gel implies that the genomic deoxyribonucleic acids 

(DNAs) isolated from experimental animals in the groups 

amplified (Figure 4). The speculated DNA damage might 

however not be in accordance to the literature research report 

given by Guo et al. 2019 that NiCl2 and Ni compounds 

induces DNA damage associated with carcinogenesis [36]. 

Therefore, the exact mechanisms of DNA damage caused by 

NiCl2 and Ni compounds are still unclear. However, the 

knowledge obtained from this study serves as a resource base 

and can be scientifically exploited for future research in 

Nickel chloride tumorigenesis and prevention. 

 

5. Conclusions 

In conclusion, Natural products found in medicinal plants 

have great promise for the treatment of cancer. Garlic extracts 

have chemo-preventive properties in the impediment of tissue 

cancer initiation. However, it fatty acid constitute fat 

deposition in tissues, which could be detrimental to it 

ameliorative efficacy. Further studies need to be done to 

optimize the quality of extract, effective dose and its 

specificity on especially in cancer susceptibility genes.  

 

6. References 

1. McGuigan MA. Chronic Poisoning: Trace Metals and 

Others. Goldman's Cecil Medicine: Twenty Fourth 

Edition, 2012, pp. 88-95.  

2. International Agency for Research on Cancer (IARC). 

Working Group on the Evaluation of Carcinogenic Risks 

to Humans. Arsenic, Metals, Fibres and Dusts. Lyon 

(FR): IARC Monographs on the Evaluation of 

Carcinogenic Risks to Humans, No. 100C. Nickel and 

Nickel Compounds. 2012. 

3. Gad SC. Nickel Chloride. Encyclopedia of Toxicology 

(Second Edition), 2005. pp. 223-225 

4. YalçinTepe A. Toxic Metals: Trace Metals - Chromium, 

Nickel, Copper, and Aluminum. Encyclopedia of Food 

Safety. 2014;2:356–362.  

5. Wang L, Fan J, Hitron JA, Son YO, Wise JT, Roy RV, et 

al. Cancer Stem-Like Cells Accumulated in Nickel-

Induced Malignant Transformation. Toxicol Sci. 

2016;151(2):376-87.  

6. Cameron KS, Buchner V, Tchounwou PB. Exploring the 

molecular mechanisms of nickel-induced genotoxicity 

and carcinogenicity: a literature review. Reviews on 

Environmental Health. 2011;26(2):81-92.  

7. Buxton S, Garman E, Heim KE, Lyons-Darden T, 

Schlekat CE, Taylor MD, Oller AR. Concise Review of 

Nickel Human Health Toxicology and Ecotoxicology. 

Inorganics. 2019;7(7):89.  

8. Heller JG, Thornhill PG, Conard BR. New views on the 

hypothesis of respiratory cancer risk from soluble nickel 

exposure; and reconsideration of this risk's historical 

sources in nickel refineries. J Occup Med Toxicol. 

2009;4:23.  

9. Genchi G, Carocci A, Lauria G, Sinicropi MS, Catalano 

A. Nickel: Human Health and Environmental 

Toxicology. Int. J. Environ. Res. Public Health. 

2020;17(3):679.  

10. Saini S, Nair N, Saini MR. Embryotoxic and Teratogenic 

Effects of Nickel in Swiss Albino Mice during 

Organogenetic Period. BioMed Research International. 

2013, 701439.  

11. EFSA CONTAM Panel (EFSA Panel on Contaminants in 

the Food Chain), Schrenk D, Bignami M, Bodin L, 

Chipman JK, Del Mazo J, et al. Update of the risk 

assessment of nickel in food and drinking water. EFSA 

Journal. 2020;18(11):6268.  

12. Stannard L, Doak SH, Doherty A, Jenkins GJ. Is Nickel 

Chloride really a Non-Genotoxic Carcinogen? Basic Clin 

Pharmacol Toxicol. 2017;121(3):10-15.  

13. Mitra AK, Agrahari V, Mandal A, Cholkar K, Natarajan 

C, Shah S, et al. Novel delivery approaches for cancer 

therapeutics. Journal of controlled release. 

2015;219:248–268.  

14. Hassan B. Plants and Cancer Treatment, Medicinal Plants 

http://www.thepharmajournal.com/


 
 

~ 16 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 
- Use in Prevention and Treatment of Diseases. Intech 

Open. 2019.  

15. Kuruppu AI, Paranagama P, and Goonasekara CL. 

Medicinal plants commonly used against cancer in 

traditional medicine formulae in Sri Lanka. Saudi 

Pharmaceutical Journal. 2019;27(4):565-573. 

16. Vemuri SK, Banala RR, Subbaiah GPV, Srivastava SK, 

Reddy AVG, Malarvili T. Anti-cancer potential of a mix 

of natural extracts of turmeric, ginger and garlic: A cell-

based study. Egyptian Journal of Basic and Applied 

Sciences. 2017;4(4):332-344 

17. Li Z, Le W, Cui Z. A novel therapeutic anticancer 

property of raw garlic extract via injection but not 

ingestion. Cell Death Discovery. 2018;4:108.  

18. Schäfer G, Kaschula CH. The Immunomodulation and 

Anti-Inflammatory Effects of Garlic Organosulfur 

Compounds in Cancer Chemoprevention. Anticancer 

Agents Medicinal Chemistry. 2014;14(2):233–240. 

19. Sukhdev SH, Suman PSK., Gennaro L, Dev DR. 

Extraction Technologies for Medicinal and Aromatic 

Plants. Earth, Environmental and Marine Sciences and 

Technologies Italy. 2008, 22. 

20. Handa S, Khanuja SP, Longo G, Rakesh DD. Extraction 

Technologies for Medicinal and Aromatic Plants.United 

Nations Industrial Development Organization and the 

International Centre for Science and High Technology. 

Journal of Materials Science and Chemical Engineering. 

2008;3(8):260. 

21. Trease GE, Evans, WC. Textbook of Pharmacognosy. 

12th ed. English language Book society, BalliereTindall 

and Co. London. 1983, pp343-383. 

22. Bayan L, Koulivand PH, Gorji A. Garlic: a review of 

potential therapeutic effects. Avicenna Journal of 

Phytomedicine. 2014;4(1):1-14. 

23. Bhandari P. Garlic (Allium sativum L.): A review of 

potential therapeutic applications. International Journal 

of Green Pharmacy. 2012;6:118-129. 

24. Ali M, Ibrahim IS. Phytochemical Screening and 

Proximate Analysis of Garlic (Allium sativum). Arc Org 

Inorg Chem Sci. 2019;4(1):478-482  

25. El-Saber Batiha G, MagdyBeshbishy A, G Wasef L, 

Elewa Y, A Al-Sagan A, Abd El-Hack ME, et al. 

Chemical Constituents and Pharmacological Activities of 

Garlic (Allium sativum L.): A Review. Nutrients. 

2020;12(3):872.  

26. Mikaili P, Maadirad S, Moloudizargari M, 

Aghajanshakeri S, Sarahroodi S. Therapeutic uses and 

pharmacological properties of garlic, shallot, and their 

biologically active compounds. Iran J Basic Med Sci. 

2013;16(10):1031–1048. 

27. Sharifi-Rad J, Cristina Cirone Silva N, Jantwal A, Bhatt 

ID, Sharopov F, Cho WC, et al. Therapeutic Potential of 

Allicin-Rich Garlic Preparations: Emphasis on Clinical 

Evidence toward Upcoming Drugs Formulation. Applied 

Sciences. 2019;9(24):5555.  

28. Leontiev R, Hohaus N, Jacob C, Gruhlke MCH, 

Slusarenko AJ. A Comparison of the Antibacterial and 

Antifungal Activities of Thiosulfinate Analogues of 

Allicin. Scientific Reports. 2018;8:6763.  

29. Arreola R, Quintero-Fabián S, López-Roa RI, Flores-

Gutiérrez EO, Reyes-Grajeda JP, Carrera-Quintanar L, 

and Ortuño-Sahagún D. Immunomodulation and anti-

inflammatory effects of garlic compounds. Journal of 

Immunology Research. 2015;30:401-410. 

30. RasulSuleria HA, Sadiq Butt M, Muhammad Anjum F, 

Saeed F, Batool R, Nisar Ahmad A. Aqueous garlic 

extract and its phytochemical profile; special reference to 

antioxidant status. International Journal of Food Sciences 

and Nutrition. 2012;63(4):431-439.  

31. Shang A, Cao SY, Xu XY, Gan RY, Tang GY, Corke H, 

Mavumengwana V, Li, HB. Bioactive Compounds and 

Biological Functions of Garlic (Allium sativum L.). 

Foods (Basel, Switzerland). 2019;8(7):246.  

32. Chen H, Giri NC, Zhang R, Yamane K, Zhang Y, 

Maroney M, Costa M. Nickel ions inhibit histone 

demethylase JMJD1A and DNA repair enzyme ABH2 by 

replacing the ferrous iron in the catalytic centers. J. Biol. 

Chem. 2010;285:7374-7383. 

33. Sloane JP, Ellman R, Anderson TJ, Brown CL, Coyne J, 

Dallimore NS. Consistency of histopathological reporting 

of breast lesions detected by screening: findings of the 

UK National External Quality Assessment (EQA) 

Scheme. European Journal of Cancer. 1994;30:1414–

1419. 

34. Cuzick J, Sestak I, Thorat MA. Impact of preventive 

therapy on the risk of breast cancer among women with 

benign breast disease. Breast. 2015;24(2):S51–S55.  

35. Salnikow K, Zhitkovich A. Genetic and epigenetic 

mechanisms in metal carcinogenesis and 

cocarcinogenesis: nickel, arsenic, and chromium. 

Chemical Research in Toxicology. 2008;21(1):28-44.  

36. Guo H, Liu H, Wu H, Cui H, Fang J, Zuo Z, Zhao L. 

Nickel Carcinogenesis Mechanism: DNA Damage. Int. J 

Mol. Sci.. 2019;20:4690-4699. 

 

 

 

http://www.thepharmajournal.com/

