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Resumen 

En la actualidad existen diferentes tipos de cáncer que afectan al ser humano y que son 

provocados por diferentes factores, tanto exógenos como endógenos. Actualmente el cáncer 

de colon se encuentra catalogado con un elevado grado de mortalidad, principalmente en 

países desarrollados, por lo que la investigación en modelos animales se ha vuelto 

indispensable en la búsqueda de nuevos tratamientos. El presente trabajo tuvo como objetivo 

ajustar la concentración de 1,2-dimetilhidracina (DMH) para el desarrollo de tumores de 

colon y determinar la presencia de tumores previos al sacrificio mediante la observación in 

vivo. Para la determinación radiológica se utilizó un equipo de rayos X (Rx) modificado y 

sulfato de bario como medio de contraste administrado vía rectal por medio de una cánula. La 

técnica permitió la observación de tumores de colon antes del sacrificio en animales tratados 

con 20 y 40 mg/kg peso de DMH. En el grupo control no se observaron tumores, ni en las 

radiografías ni directamente en el tejido del colon. En el caso del grupo administrado con las 

dosis de 20 y 40 mg/kg se observó una incidencia del 37.5 y 100% respectivamente de 

tumores que fueron detectados por radiografía de doble contraste y confirmados durante la 

disección del colon. La aplicación del tratamiento de 40 mg/Kg presentó una mayor 

incidencia en el número de tumores y la aplicación del método radiológico ayudó a 

determinar la ubicación de las lesiones en el tracto colónico de los animales. Esta metodología 

permitirá llevar a cabo estudios sobre cáncer de colon mediante la determinación de la 

presencia de tumores en tiempo real lo que permitirá, a su vez, estudiar la eficiencia del 

cancerígeno, del agente terapéutico y su tiempo de acción. Finalmente, se preparó la 

publicación de los resultados en la revista American Association for Laboratory Animal 

Science (JAALAS), la cual tiene un factor de impacto de 0.71 y un tiraje de 6 números al año. 

Palabras clave: Cáncer, Colon, Rayos X, 1,2 - dimetilhidrazina 
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Abstract 25 

Nowadays there are different types of cancer that affect humans and are caused by different 26 

factors, both exogenous and endogenous. Currently, colon cancer is catalogued with a high 27 

degree of mortality, mainly in developed countries therefore, research in animal models has 28 

become essential in the search for new treatments. The present study aimed to adjust the 29 

concentration of 1,2-dimethylhydrazine (DMH) for colon tumors development. Besides, the 30 

presence of tumors was determined by using modified X-ray equipment (Rx) with barium 31 

sulfate as contrast medium, which was administered rectally by a cannula. This technique 32 

allowed the observation of colonic tumors of DMH (20 or 40 mg/kg of body weight) treated 33 

animals before sacrifice. The control group did not show tumors neither by Rx nor in the 34 

dissected colon tissue while treated animals showed tumors by Rx that were confirmed when 35 

colon was dissected. An incidence of 37.5 and 100% of tumors was observed for 20 and 40 36 

mg DMH/kg of body weight, respectively. This methodology will allow to perform studies on 37 

colon cancer by determining the presence of tumors in real time that will enable, in turn, to 38 

study the efficiency of carcinogens and therapeutic agents. 39 

Keywords: Cancer, Colon, X-ray, 1,2 - dimethylhydrazine.  40 
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Introduction 41 

Cancer is a chronic disease characterized by abnormal cell proliferation with changes in 42 

genotypic and phenotypic properties. 
1 

Among the different types of cancer, colorectal cancer 43 

(CRC) is caused by endogenous and exogenous factors 
2, 3, 4, 5 

with a high incidence of 44 

mortality in developed countries, with increased incidence in developing countries, mainly in 45 

recent decades. For this reason, there is an increased interest in taking advance of animal 46 

models in order to test new therapies. 
6 

Some treatments have focused on induce tumors using 47 

different carcinogenic compounds 
7, 8

 in order to induce tumors in localized areas however, in 48 

most cases, detection of the developed tumors can be possible until animals are sacrificed.  49 

Particularly, 1,2 dimethylhydracine (DMH) has been widely used as colon carcinogen and the 50 

formed adenocarcinomas can be observed through the entire rat colon after several weeks of 51 

treatment. 
9, 10

 DMH is a precancerous compound that is metabolized to its active form, 52 

azoxymetanol, that induces tumorogenesis in laboratory animals as in the case of some 53 

species of susceptible rats. 
11, 12 

It produces adenomatous lesions based on cell proliferation 54 

and epithelial dysplasia, which can range from mild to severe where the adenomas are 55 

precursor lesions of colorectal adenocarcinomas. 
13

 Although DMH is an effective 56 

carcinogenic compound, treated rats appear asymptomatic the most of the time until the 57 

disease is unmasked, commonly after several months, and the expected results are not always 58 

achieved. 59 

In order to observe and analyze the lesions or tumors, different radiological techniques have 60 

been developed. They help to identify different types of conditions, including the analysis of 61 

tumors in various tissues 
14

, using contrast media that improve these observations at a low 62 

cost. 
15

 It is necessary to standardize techniques for the observation of tumors using contrast 63 
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media such as barium sulfate in experimental animals. 
16

 The observation of colon tumors 64 

before animals sacrifice will allow determining the tumor size, localization but also the 65 

effectiveness of a specific treatment. By using this technique, it will be possible to improve 66 

time and resources in the study of colon cancer in rats.  67 

Materials and Methods 68 

Animal model and treatments 69 

Male Sprague Dawley rats of 5 weeks old were used. Three groups of 8 animals were 70 

separated into individual cages with food (Nutricumus, Rodent Laboratory Chow 5001) and 71 

water ad libitum. Circadian cycle was adjusted to 12 h of light and 12 h of darkness. After one 72 

week of adaptation, 3 treatment groups were formed. The control group was injected 73 

subcutaneously with the vehicle (0.9% NaCl/2 mM EDTA) once a week for eight weeks. 74 

Groups 2 and 3 were treated with a subcutaneous injection of 20 or 40 mg DMH/ kg of body 75 

weight once a week for 8 weeks. The animals were kept under continual observation of 76 

weight and food consumption for 10 weeks more after DMH treatments. 77 

X-rays 78 

Nine weeks after the beginning of treatment, the rats were fasted for 24 hours in order to 79 

avoid the presence of feces in the colon behavior during exposure to X-rays. Subsequently, 80 

the animals were anesthetized with 40% chloroform. Was introduced 3 ml solution of 60% 81 

barium sulfate by cannula latex balloon 2-way type, from 25,123 12fr/5ml connected to a 5 ml 82 

syringe. Radiographs were taken dividing into five segments the caudal area (Figure 1) in 83 

order to cover different areas of the intestine. A Satelec X-Mind DC generator (Acteon 84 

Equipment, France) with a DG-073B-DC double anode tungsten tube (Toshiba Electron 85 
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Tubes and Devices Co., LTD, Japan) under 70 kV and intensity of 8 mA and a S10835CMOS 86 

image sensor for X-ray imaging (Hamamatsu City, Japan) were used (Figure 2). The active 87 

area of the X-rays was 2.58 x 3.6 cm, with an optical resolution of 16.7 line pairs and pixel 88 

size of 30 microns. For all radiographs were taken rat-sensor distance of 4 cm and an 89 

exposure time of 0.200 seconds. 
17

 90 

Histopathological analysis 91 

At the end of the experiment the animals were sacrificed by decapitation, the colon was 92 

dissected and tumors were fixed in paraformaldehyde-10% PBS, dehydrated in ethanol 93 

solutions, xylene / ethanol 1:1, concentrated xylol and paraffin. 
18 

Tissues were included in 94 

paraffin blocks and serial sections of 5-7 m were cut and mounted on high attachment slides 95 

(SuperFrost, Fisher, Pittsburgh, PA) in a hot water bath and 0.03% gelatin. The slides were 96 

deparaffinized with 100% xylene, and rehydrated in absolute ethanol, 2 x 5 min, 96% ethanol 97 

2 x 5 min, 70% ethanol x 5 min, 50% ethanol x 5 min and distilled water x 5 min and finally 98 

equilibrated in water (Merck, Darmstadt, Germany) in 0.5% ethanol, with potassium sulfate to 99 

10% aluminum and 0.25% red mercury II oxide (Sigma Aldrich, St. Louis, MO), washed in 100 

water for 1 minute and then dipped quickly five times in ammonia water (1% NH4OH) and 101 

washed again with water for 1 min. The preparations were incubated for 15 seconds with 102 

0.25% eosin (Sigma Aldrich, St. Louis, MO) in 60% acidified alcohol, washed with water and 103 

dehydrated in an ethanol gradient (50-100%, 1 min each time). Samples were immersed in 104 

xylene 3 times before they were permanently mounted in Entellan (Merck, Pennsylvania, 105 

USA). Classification of lesions was done according to Angeles (2002). 
13   106 
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Statistical Analysis 107 

Body weight and food consumption changes were analyzed by t test (p< 0.05) using the SPSS 108 

16.0 software. 109 

Results 110 

No significant differences between body weight and food consumption were observed though 111 

the experiment (Figure 3). Results of the Rx showed that no tumors were found in the control 112 

group (Figure 4), whereas the groups treated with 20 or 40 mg DMH/kg of body weight 113 

showed clearly visible tumors that were highlighted by the barium sulfate. Tumors observed 114 

by Rx were confirmed during the colon dissection, a total of 2 tumors were found in the group 115 

treated with 20 mg DMH/kg of body weight and 8 tumors for the group treated with 40 mg 116 

DMH/kg of body weight.  117 

Histopathological Analysis 118 

The control group showed cryptic foci with healthy tissue characteristics, while for the groups 119 

treated with 20 and 40 mg/kg of DMH different types of injuries were detected. The 20 mg/kg 120 

group showed two low-grade lesions, (Table 1). For the group treated with 40 mg/kg a total of 121 

8 lesions were found, 6 low-grade and 2 high-grade lesions (Table 2). 122 

  123 
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Discussion 124 

No differences we observed between groups for food intake and body weight changes. These 125 

results are similar to that reported by Reynoso et al. 
19 

Tumors formation occurred in all 126 

animals treated with 40 mg DMH/kg of body weight whereas in the group treated with 20 mg 127 

DMH/kg of body weight, only two rats presented tumors.  128 

Detection of colon tumors with Rx allow us to found a large number of tumors in the cross 129 

sections of the ascending colon and in animals treated with 40 mg of DMH which determines 130 

a higher incidence of these areas. Two of the 9 lesions found in animals were of adenoma 131 

type; these kinds of lesions are the most common in the human sigmoid and rectum. 
20

 In the 132 

case of the treatment with 20 mg of DMH, lesions were located in the ascending colon with 133 

high degree of premalignant and neoplastic character. 
  

134 

Barium sulfate cause no adverse effects in colon therefore, the implementation of this contrast 135 

medium make this technique inexpensive and feasible for in vivo tumors observation. 
 21 136 

Barium sulfate was also used orally to determine the activity of drugs in the digestive tract 137 

with good results, 
22

 so this type of imaging technique can help in monitoring and pinpoint the 138 

precise location of irregularities in the colon, as is the case of polyps and tumors formation.  139 

Previous studies have shown the importance of knowing the shapes, size and stage of tumors 140 

in order to establish control methods. It is necessary to implement economic techniques that 141 

can help get a timely and appropriate diagnosis to improve the work with laboratory animals. 142 

Some limitations of using this technique are the animals’ manipulation and the anesthesia so it 143 

is important to train the personnel that will handle the animals in order to avoid damage. 144 

Some level of practice is also needed as well of the implementation of the Rx equipment.  145 
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Figures and tables 149 

Figure legends  150 

Figure 1. Segmentation of the rat colonic tract. The colon was divided into five parts: left 151 

upper segment (LUS), right upper segment (RUS), left lower segment (LLS), lower right 152 

segment (LRS), middle segment (MS). 153 

Figure 2. X-ray equipment. 1) Image sensor for X-ray, 2) adjustable lever and 3) tungsten 154 

tube. 155 

Figure 3. Body weight (a) and food intake (b) of DMH treated and not treated rats. Rats 156 

were intraperitoneally administrated with DMH (20 or 40 mg/kg) every week for 8 weeks and 157 

kept in observation under 10 weeks more.  158 

Figure 4. Rx determination of colon tumors and their confirmation by colon dissection. 159 

a) Control; b) Control dissection, healthy tissue; c) Control X-ray zone C; d) Control 160 

dissection, healthy tissue; e) LUS tumor localization, f) tumor of 0.7 mm in diameter located 161 

in the LUS zone, g) radiograph of the right upper caudal section with two tumors; h) 162 

dissection of the RUS section, two 3 mm tumors are observed. 163 

Figure 5. Hispathological analysis for colon lesions and tumors. Confirmation of tumors in 164 

different tissues obtained from treatments of 20 and 40 mg of DMH by histopathological 165 

changes (10X). a) Colon form healthy control animal b) Tissue with low-grade lesion c) 166 

Tissue with high-grade lesion d) Neoplasm.  167 

  168 



 10 

References  169 

1. Passe, J, A. Bluemke, and Siegelman. 1997. Tumor Angiogenesis: Tutorial on  170 

implications for Imaging. Radiology 593–600, Vol. 203 Number 3. 171 

2. Cerutti, P A. 1994. Oxy-radicals and Cancer. The Lancet. 862 - 863, Vol. 244. 172 

3. Wiseman, H and Halliwell B. 1996. Damage to DNA by reactive oxygenand  173 

nitrogenspecies: role in inflamatory disease and  Disease and Progression to Cancer. 174 

Biochem. J 313:17-29  175 

4. Davidson, L a, R E Brown, W C Chang, J S Morris, N Wang, R J Carroll, N D 176 

Turner, J R Lupton, and R S Chapkin. 2000. “Morphodensitometric Analysis of Protein 177 

Kinase C beta(II) Expression in Rat Colon: Modulation by Diet and Relation to in Situ Cell 178 

Proliferation and Apoptosis.” Carcinogenesis 21 (8) (August): 1513–9.  179 

5. Whiteman, Matthew, D Craig Hooper, Gwen S Scott, Hilary Koprowski, and Barry  180 

Halliwell. 2002. “Inhibition of Hypochlorous Acid-induced Cellular Toxicity by Nitrite” 181 

Proc.Natl Acad. Sci. USA 99 12061-12066 (24). 182 

6. Latham, P., Lund, E. K., & Johnson, I. T. 1999. Dietary n-3 PUFA increases the  183 

apoptotic response to 1,2-dimethylhydrazine, reduces mitosis and suppresses the induction of 184 

carcinogenesis in the rat colon. Carcinogenesis, 20(4), 645–50. 185 

7. Dow, Lukas E., and Scott W. Lowe. 2012. “Life in the Fast Lane: Mammalian Disease  186 



 
 

 11 

Models in the Genomics Era". Bio Techniques 1-19. 187 

8. Gönenç Aymelek, Derya Erten, Sabahattin Aslan, Melih Akinci, Bolkan Simşek, and  188 

Meral Torun. 2006. “Lipid Peroxidation and Antioxidant Status in Blood and Tissue of 189 

Malignant Breast Tumor and Benign Breast Disease.” Cell Biology International 30 (4) 190 

(April): 376–380.  191 

9.Bland, P.W.; Briton, D.C. 1981. Colonic lymphoid tissue and its influence on tumor  192 

induction in dimethyhydrazine treated rats. Br. J. Cancer 44:275-276. 193 

10.Tai, Joo Ho, Jean Tessier, Anderson J Ryan, Lisa Hoffman, and Xiaogang Chen.  194 

2010. “Assessment of Acute Antivascular Effects of Vandetanib with High-Resolution  195 

Dynamic Contrast-Enhanced Computed Tomographic Imaging in a Human Colon Tumor 196 

Xenograft Model in the Nude Rat Neoplasia, 1” 12 (9): 697–707.  197 

11. Hussain, S P, F Aguilar, P Amstad, and P Cerutti. 1994. “Oxy-radical Induced  198 

Mutagenesis of Hotspot Codons 248 and 249 of the Human P53 Gene.” Oncogene 9 (8) 199 

(August): 2277–2281.  200 

12. Hussain, S Perwez, Lorne J Hofseth, and Curtis C Harris. 2003. “Radical Causes of  201 

Cancer.” Nature Reviews. Cancer 3 (4) (April): 276–285.  202 



 12 

13. Ángeles AA. 2002. Hiperplasias y neoplasias endocrinas del estómago. Biopsia  203 

endoscópica de tubo digestivo. México, Ángeles Editores 116-27. 204 

 14. He, Qian, Wen He, Keyang Wang, and Daqing Ma. 2008. “Effect of Multiscale  205 

Processing in Digital Chest Radiography on Automated Detection of Lung Nodule with a 206 

Computer Assistance System.” Journal of Digital Imaging : the Official Journal of the Society 207 

for Computer Applications in Radiology 21 Suppl 1 (October): 164–170. 208 

15. Almond, C H, D Q Cochran, and W a Shucart. 1961. “Comparative Study of the  209 

Effects of Various Radiographic Contrast Media on the Peritoneal Cavity.” Annals of Surgery 210 

154(6) Suppl (December): 219–224.  211 

16. Jimenez-Mendoza D, Diego G. Espinosa-Arbelaez, Astrid L. Giraldo-Betancur,  212 

Margarita I. Hernandez-Urbiola, Damian Vargas-Vazquez, and Mario E. Rodriguez-213 

Garcia. 2011. Single x-ray transmission system for bone mineral density determination. Rev. 214 

Sci. Instrum. 82, 125105  215 

17. Vidomlansky, Silvana I Romero, Ana Julia Nielsen, Juan Cruz Gallo, and Shigeru  216 

Kozima. 2011. “Linfoma difuso primario de hígado Presentación De Un Caso Clinico” 217 

(january): 115–118. 218 

18. Rodríguez-Méndez, a J, J L Luna-Acosta, M Carranza, S Harvey, C Arámburo, and  219 



 
 

 13 

M Luna. 2010. “Growth Hormone Expression in Stromal and Non-stromal Cells in the Bursa 220 

of Fabricius During Bursal Development and Involution: Causal Relationships?” General and 221 

Comparative Endocrinology 167 (2) (June 1): 297–307.  222 

19. Reynoso Camacho, Carmen Ríos, Torres Pacheco, Jorge Alberto, and Acosta  223 

Gallegos. 2007. COMMON BEAN (Phaseolus vulgaris L.) Consumption and  Its Efects on 224 

Colon Cancer in Sprague-Daeley Rats, Agricultura Técnica de México 33: 43–52. 225 

 20. Cappell Mitchell S. 2008. “Pathophysiology, Clinical Presentation, and Management of  226 

colon Cancer.” Gastroenterology Clinics of North America 37 (1) (March): 1–24. 21. Sadik, 227 

Nermin H. 2012. “Chemopreventive Efficacy of Green Tea Drinking Against 1,2-dimethyl 228 

Hydrazine-induced Rat Colon Carcinogenesis.” Cell Biochemistry and Function (March) 229 

(September 24): 1-12 230 

21. Shackleton, K L, E T Stewart, J D Henderson, M J Demeure, and G L Telford. 2000.  231 

“Effect of Barium Sulfate on Wound Healing in the Gastrointestinal Tract of the Rat.” 232 

Radiology 214 (2) (February): 563–567.  233 

22. Valentin I. Turiiski, Atanas D. Krustev, Vladimir N. Sirakov, Damianka P. Getova.  234 

2004. In vivo and in vitro study of the influence of the anticholinesterase drug galantamine on 235 

motor and evacuative functions of rat gastrointestinal tract, European Journal of 236 

Pharmacology 498, 233 – 239.  237 



 14 

 238 

 239 

Figure 1.  240 

  241 



 
 

 15 

 242 

 243 

Figure 2. 244 

  245 



 16 

 246 

 247 

Figure 3.   248 
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Figure 4.   250 
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Figure 5.   252 
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 253 

Table 1. Relationship of tumors and its location in the various areas flow, number of tumors 254 

localized per rat and lesions size with the treatment of 20 mg/kg weight. 255 

Rat Tumor number Location Diameter (cm) 

1 0 - - 

2 1 up 0.6 

3 0 - - 

4 1 up 0.5 

5 0 - - 

7 0 - - 

  256 
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Table 2. Relationship of tumors and its location in the various areas flow, number of tumors 257 

localized per rat and lesions size with the treatment of 40 mg/kg weight. 258 

Rat Tumor number Location Diameter (cm) 

1 1 cross 0.7 

2 1 cross 0.4 

3 2 up/cross 0.3/0.3 

4 2 up/cross 0.3/0.5 

5 1 cross 0.1 

6 1 cross 0.3 
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