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Abstract 

Search for new therapeutic agents and alternative strategies for chemoprevention of colorectal cancer is 

needed to reduce morbidity and mortality resulting from this disease. This study aimed to compare the effect 

of aqueous extract of Sida cordifolia L. and 5- fluorouracil (5-FU) on colon carcinogenesis induced by 1,2- 

dimethylhydrazine (1,2-DMH). The extract reduced the frequency of aberrant crypts regarding to the positive 

control, but there was no significant difference among the positive control animals, those who received the 

extract and those receiving standard anticancer drug. Thus, the aqueous extract of Sida cordifolia L. 800 

mg/kg showed no statistical impact on carcinogenesis in animal models, but showed a significant anti-

inflammatory effect on the colon mucosa.  
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Introduction 

Colorectal cancer (CRC) is a health problem that affects people all over the globe. It has an annual incidence 

of approximately 1 million cases and over 500,000 fatal cases per year[1]. The risk of colorectal cancer varies 

considerably from one country to another, and even within a country. Its highest rates occur in the most 

developed continents[1,2]. Perceptible differences in its incidence around the world led to the hypothesis that 

these variations could be explained in general by environmental influences, related to changes in lifestyles 
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such as high consumption of animal fat, as well as the influence of genetic factors[2]. In Brazil, according to 

the report from Instituto Nacional do Câncer (INCA), there were an estimative of 41,010 new cases of 

colorectal cancer in 2020, of which 20,540 in men and 20,470 in women[3]. In 2019, data from Sistema de 

Informação de Mortalidade (SIM) revealed 20,578 fatal cases[4]. About 70% of colon cancer patients are 

over 65 years of age and the disease is rare for ages under 45[5]. 

Sida cordifolia L. is a medicinal herb widely used in Indian Ayurvedic medicine to treat diseases such as 

asthma, chronic dysentery and gonorrhea[6]. In its phytochemistry, there are compounds such as asparagine, 

tryptophan, alkaloids (ephedrine – sympathomimetics, hypaphoforine, vasicine, vasicinone, vasicinol – 

bronchodilator), phytosterols, mucin, rutin and potassium nitrate[7,8]. Analgesic, anti-bacterial, anti-

inflammatory, hypoglycemic and hepatoprotective effects have also been reported in several studies[9,10]. In 

Brazil, it is used mainly as a natural anti-inflamatory[11]. 

Studies on anti-tumor effects are still scarce, although there have been positive results. Sida cordifolia L. is 

a component of PADMA-28, a Tibetan herbal preparation used as a T cells antiproliferative agent in 

lymphoblastic leukemia. PADMA-28 seems to have an effect in apoptosis induction, blocking cells in G1 

phase and fragmenting poly-ADP-ribose-polymerase[12]. One of the constituents of Sida cordifolia L. 

(cryptolepine, an alkaloid) was identified in a screening on p21-inducing compounds (a tumor suppressor 

gene). Cryptolepine was isolated and used in osteosarcoma and colon cells, wich were wild and knockout 

for p21. After evaluation the antiproliferative effect of the substance in these two conditions, a decrease of 

47% and 12%, respectively, was observed in cell viability, which revealed the potential of the derivative of 

Sida cordifolia L.[13]. 

The purpose of this study is to compare the antiproliferative action of 5-fluorouracil (5-FU) with an herbal 

extract of Sida cordifolia L. on colon carcinogenesis in rats. It is a search for an alternative treatment or 

chemoprevention for colorectal cancer.  

Material and Methods   

The species of Sida cordifolia L. (white mallow) were collected in the city of Lagarto – Sergipe, in a thorp 

called Sobrado (close to the coordinates -10,95929; -37,62183), and were identified as ASE 36.306 in the 

herbarium of the Federal University of Sergipe. The study was approved by Animals Research Ethics 

Comittee of the Federal University of Alagoas (CEUA/UFAL), in August 2014, with registration 024/2014.  

Preparation of the aqueous extract of Sida cordifolia L. 

We collected a sample of 4,5 kg of white mallow. The material was exposed to the sun for drying for 15 days. 

After drying, it was mashed without detaching the plant structures. The whole processed material was 

extracted by placing 12 L of heated distilled water and filtered through filter paper sheets. We shared the 

solution in fractional volumes of 250 mL into 7 glass vials. Lyophilization at 3000 rotations per minute was 

performed intermittently, starting at 8 am and ending at 7 pm daily for 3 weeks. The solid residues were 

scraped from the freeze-drying vials, obtaining a yield of 112 g of aqueous extract. The extract was diluted 

in distilled water to reach a solution of 120 mg/mL. It was administred to rats at a dosage of 800 mg/kg, via 

gavage, as a chemoprevention protocol. 
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Experiment protocol 

Fifteen 5 to 6-week old Wistar rats were tested, weighing between 200 and 240 g. They were divided into 
three groups distributed in three boxes and treated for 13 weeks (FIGURE 1). The 3 groups were: Box I (5 

rats receiving induction and treatment); Box II (5 rats receiving only induction and placebo); Box III (5 rats 

receiving chemoprevention and induction). All subjects were submitted to a 12h/12h light/dark cycle and 

were fed with standard food and water ad libitum[14,15]. 

FIGURE 1:  Characterization of time applied in the techniques used in rats over 13 weeks. 

 

Techniques used in the study: chemoprevention - administration of 800 mg/kg of the aqueous extract of lyophilized 

Sida cordifolia L., via gavage; induction - administration of 4 doses of 1,2- dimethylhydrazine, intraperitoneally, 2 

doses per week; treatment – weekly intraperitoneal administration of 50 mg/kg of 5-fluorouracil. 

The induction of aberrant crypt foci (ACF) in the colonic mucosa was achieved by the administration of 30 

mg/kg of 1,2-DMH e intraperitoneally twice a week for 2 weeks[16]. After 13 weeks of experimentation, the 

animals in the 3 groups were sacrificed. The colon was removed by laparotomy with a median xiphopubic 

incision, opened at anti-mesocolic border and washed with saline solution. The samples were stored in tubes 

with 10% buffered formalin solution. The specimen was sent to anatomopathological analysis for 

identification and quantification of ACFs.  

Statistical analysis  

The results were subjected to statistical analysis of variance (ANOVA) and Tukey’s test using SPSS software 

(version 15.0). 
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Results and Discussion   

Number of aberrant crypt foci per group 

Frequency of aberrant crypt foci per colon segment 

Aberrant crypts are initial pre-malignant lesions of the colon mucosa, which can be induced in the large 

intestine of rodents by chemical carcinogenesis[17]. 1,2-DMH is a potent carcinogenic for the formation of 

dysplasia and even neoplasia, depending on exposure time according to previous studies[18]. These are 

lesions present in Kirsten rat sarcoma oncogene (KRAS) and adenomatous polyposis coli (APC) mutations, 

altering the structure of the crypt.  They can be atypical/hyperplastic, in cases in wich there is an increase in 

the number of cells per aberrant crypt compared to typical glands, and dysplastic in variyng degrees, when 

they present hypochromic, pleomorphic and elongated nuclei with loss of polarity, stratified or 

pseudostratified epithelium, lumen dilation to 1,5 times the typical glands and loss of the differentiation of 

caliciform globet cells[17,19-21].  

All 15 animals survived the total duration of the experiment. Histological analysis demonstrated a greater 

amount of aberrant crypt foci in the distal segment compared to the proximal segment, representing 
approximately 75% of the lesions found (FIGURES 2, 3 and 4). The amount of aberrant crypt was greater 

in the distal segment of the colonic mucosa of rats in comparison to the proximal segment, as shown by 

studies with Kenaf and Gynura extracts[14,22]. This lesion distribution is also compatible with data that showing 

that 70% of colon tumors in humans are distally located in rectum and sigmoid regions[23].  

FIGURE 2: Distribution of the number of ACFs per colon segment.  

 
FIGURE 3: Photomicrograph of ACFs in the distal segment of the subjects in box 3. 
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FIGURE 4: Photomicrograph of ACFs in the distal segment of the subjects in box 1 

 
 

There was a reduction in the absolute total amount of colonic crypt in the groups treated with 5-FU (Box I - 

69%) and with the extract of Sida cordifolia L. (Box III - 25%) compared to the positive control group (Box II) 

(TABLE 1). The 69% reduction of crypt incidence in Box I compared to Box II (p=0,056) suggests the well-

known antiproliferative effect of 5-FU as a drug used in chemotherapy treatment for colorectal cancer. The 

25% reduction of crypts in the Box III (treated with the extract) was not associated with the significant 

variation of results in relation to the positive control group (Box II; p=0.26). Thus, although there were positive 

results with the extract in vitro, regarding the proliferation of neoplastic cells[24,25], this was not verified in vivo 

with the 800 mg/kg dosage used in this study’s methodology. 

TABLE 1: Frequency of ACFs in the proximal and distal regions of the subjects’ colon. 

 Proximal Distal Total 

G I 16 35 51 

G II 15 114 129 

G III 6 85 91 

          

Comparison of the number of ACFs among the groups 

Statistical analysis of the distal segments of the subjects in all 3 boxes have shown results close to the 95% 
confidence interval (p=0.06). The graph below (FIGURE 5) depicts this segment revealing a greater number 

of lesions in the positive control group compared to the other groups. A lower incidence of crypts was 

observed in the group treated with 5- FU compared to the groups that received aqueous extract of Sida 

cordifolia L. For the other groups, data on the number of ACFs was not sufficient to make a statistically 

significant comparative analysis. 
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FIGURE 5: Distribution of the mean number of ACFs in the distal segment of the subjects. 

 

Body and liver weight of animals           

The body weight of all animals increased during the 13 weeks of experimentation. The rats treated with the 

aqueous extract had a steadier growth during the time of exposure (FIGURES 6, 7 and 8). Less weight 

variation and a more regular growth rate throughout 13 weeks in group III can be related to metabolic effects 

associated with the extract of Sida cordifolia L., such as hypoglycemia and stimulated release of insulin by 

pancreatic beta cells[9]. 

FIGURE 6: Body weight of the animals in Box I. 

 
 
FIGURE 7: Body weight of the animals in Box II. 
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FIGURE 8: Body weight of the animals in Box III. 

 

The three groups differed significantly in terms of liver weight (p=0,012). The liver weight of the animals 

treated with aqueous extract of Sida cordifolia L. was lower than those that received only 1,2-DMH 

associated with 5-FU (p=0,009) (FIGURE 9 and 10). Silva et al.[11] demonstrated a dose-dependent liver 

regeneration after hepatectomy when administrated alcoholic extract of Sida cordifolia L., revealing the 

species’ hepatoprotection characteristic. Mallikarjuna et al.[26] demonstrated a reduction in serum levels of 

transaminases with increasing doses of aqueous extract of Sida cordifolia L. Such an effect may be 

suggested in our study by this reduction of hepatic weight among the subjects of group III compared to 

groups I and II, with a significant difference between the animals that received the extract and those that 

received the 5-FU-associated carcinogen (p=0,009).                 

FIGURE 9: Weight in grams of the livers of the Wistar rats. 

 
FIGURE 10: Distribution of the mean liver weights of the Wistar rats (p=0,009) 
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Colonic mucosa inflammation 

The colon mucosa of the subjects in all three groups receiving 1,2-DMH presented an infiltration of 

inflammatory cells, with lymphoid clusters, fibroblast proliferation and reactive lymph nodes. The histological 

findings of the subjects treated with aqueous extract were much less infiltrated by inflammatory cells and 
presented less proliferation of fibroblasts (FIGURES 11, 12 and 13). The anti-inflammatory effect of the 

extract of Sida cordifolia L. is described in many previous studies[6,9,11] involving paw edema[9,27,28] and an 

evaluation of the reduction of free radicals[26], as well as its contractile effect on the vascular system by 

alpha-adrenergic stimulation[29]. The presence of specific alkaloids and ephedrine is related to this bioactivity. 

This study showed a reduction of inflammatory activity in the colitis induced by the carcinogen 1,2-DMH 

administered intraperitoneally, given the noticeable decrease in inflammatory cell infiltration in the colon 

mucosa of subjects of group III in comparison to groups II and I, along with a minor proliferation of fibroblasts 

also in the group that received the aqueous extract of Sida cordifolia L. by gavage. 

FIGURE 11: Photomicrograph of a proximal segment of the colon of animals in Box I, which received 1,2-dimetylhydrazine 

and 5-fluorouracil. 

 
 
FIGURE 12: Photomicrograph of a distal segment of the colon of animals in Box II, which received 1,2- dimetylhydrazine. 
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FIGURE 13: Photomicrograph of a distal segment of the colon of animals in Box III, which received 1,2- dimetylhydrazine 

+ aqueous extract of Sida cordifolia L. 

 

Conclusion   

Although one of the elements of the aqueous extract of Sida cordifolia L. – cryptolepine - reduces the amount 

of neoplastic clones in osteosarcoma and colon cells in vitro, and the evidence of its anticancer effect on 

hepatomas[30], in our study 800mg/kg of aqueous extract did not significantly reduce the number of aberrant 

crypts in the colon mucosa of rats with lesions induced by the administration of 1,2-DMH when compared to 

the positive control group. On the other hand, the results of the study have strengthened the evidence on 

hepatoprotection due to a significant decrease in liver weight compared to another experimental group, as 

well as its natural anti-inflammatory effect on carcinogen-induced colitis. 
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