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Nopalea cochenillifera (L.) Salm-Dyck is a cactus species native to Mexico, now widely distributed in the 
West Indies and tropical America. It is a species not usually consumed as food, but due to its composition of 
bioactive compounds, it could be used to treat diabetes. The present study aimed to evaluate the effect of 
N. cochenillifera cladode flour on glucose levels in streptozotocin-induced diabetic CD-1 mice. The flour 
obtained from cladodes absorbed glucose proportionally to the glucose concentration, and it was observed 
that the administration of flour (10.5 mg/kg body) decreased glucose levels in diabetic mice compared to 
the control group. This preclinical study demonstrates that N. cochenillifera flour could be used to improve 
glucose homeostasis in type 2 diabetes. 
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1. Introduction 
 
Nopalea cochenillifera (L.) Salm Dyck is a variety of cactus native to Mexico that is not 
commonly consumed by humans and is found in America, especially in dry regions of Mexico 
and Central America. It is a wild species primarily cultivated in gardens and used in landscaping, 
such as hedges (Lim, 2012). The current use of N. cochenillifera is mainly as fodder (Cardoso et 
al., 2019). Its cladodes are excellent sources of fiber, vitamins (vitamins C and K), minerals 
(calcium and magnesium), and hydrolyzable polyphenols (Fabela-Illescas et al., 2022; Lim, 
2012). In addition, it is low in calories and fat, making it a healthy option to incorporate into the 
diet. N. cochenillifera has also been characterized by determining pH, color parameters, total 
soluble solids, water absorption capacity, oil absorption capacity, and swelling capacity of flour 
made from N. cochenillifera cladodes (Fabela-Illescas et al., 2022). 
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Cacti are susceptible to microbial attack due to their high water 
content and low pH, which limits their marketability. Mature N. 
cochenillifera cladodes (flattened green stems) are often not 
incorporated into the human diet, representing a waste of a 
potential source of nutrition. Food technology can be used to 
maintain the quality of cladodes and maximize their shelf life for 
human consumption. Drying and milling processes would promote 
the consumption of N. cochenillifera by making it accessible for 
people to take advantage of its health benefits (Contreras-Padilla et 
al., 2011). 
 
Diabetes is a global disease that impacts economically, socially, and 
on the quality of life of those who suffer from it (Bommer et al., 
2018). Type 2 diabetes is characterized by hyperglycemia, insulin 
resistance, and loss of pancreatic β-cell function. In its initial stage, 
there are no symptoms. When detected late and not correctly 
treated, it causes serious health complications such as heart attack, 
blindness, kidney failure, amputation of the lower extremities, and 
premature death (Chatterjee et al., 2017). Therefore, it is essential 
to modify unhealthy lifestyles, such as sedentary lifestyles and poor 
diets, by over-consuming energy-dense industrialized foods. This 
lifestyle is typical in the Mexican population (Hernández-Ávila et al., 
2013). Currently, there is an approach towards using medicinal 
plants to control and prevent chronic diseases such as diabetes 
(Ahad et al., 2020). N. cochenillifera has been used in traditional 
medicine to treat inflammatory diseases, dyslipidemia, high blood 
pressure, kidney problems, and diabetes (Tavares et al., 2023). All 
these benefits are attributed to phenolic compounds and their 
dietary fiber content (Magaña-Cerino et al., 2022; Tavares et al., 
2023). In a pilot clinical trial before this work, it was reported that 
the administration of a drink based on fresh cactus of the N. 
cochenillifera variety showed a tendency to lower glucose and 
glycosylated hemoglobin levels in patients with type 2 diabetes in a 
rural Mexican population (Fabela-Illescas et al., 2015). Another 
study reported that a single dose of fresh, blended cladodes of N. 
cochenillifera decreased postprandial glycemia in rats after a starch 
load (Magaña-Cerino et al., 2022). This work focused on testing the 
hypoglycaemic activity of cladode flour in streptozotocin-induced 
diabetic CD-1 mice. 
 
2. Materials and methods 
 
2.1. N. cochenillifera cladodes flour 
 
Mature (70 days after emergence) N. cochenillifera cladodes, with 
average morphometric variables of 25 cm long, 6 cm wide, and 1 cm 
thick (Figure 1), were manually harvested in the Tulancingo Valley, 
Hidalgo, in the spring of 2020. A voucher specimen (U10) was 
deposited by Manuel González Ledesma at the HGOM Herbarium of 
the Department of Botany, Universidad Autónoma del Estado de 
Hidalgo, Mexico. They were cut and dehydrated in a dryer at 45 °C 
for 48 h, as per Fabela-Illescas et al. (2022), and further pulverized in 
a pulverizing mill (UDY Cyclone Sample Mill, Fort Collins, CO, USA) 
for 15 min, then passed through a 100 mesh sieve. 
 
2.2. Glucose adsorption capacity 
 
The method for the determination of glucose adsorption capacity 
was performed as described by Peerajit et al. (2012); three glucose 
solutions (50, 100, and 200 mmol/g) were mixed each with 1 g of 
cladodes flour, incubated at 37 °C for 6 h and centrifuged at 4.000 x 
g for 20 min. The glucose retained in the supernatant (mmol/g of 
fiber) was calculated using a D-Glucose test kit (Megazymw, Bray, 
Ireland). Glucose adsorbed was calculated using the following 
formula: 

𝐺𝑙𝑢𝑐𝑜𝑠𝑒 𝑎𝑑𝑠𝑜𝑟𝑏𝑒𝑑 (𝑚𝑚𝑜𝑙/𝑔) = (
𝐶𝑖 − 𝐶𝑠

[𝑊𝑠]
)   𝑥 𝑉𝑖  

 
Ci = Glucose concentration of original solution (mmol/l) 
Cs = Glucose concentration when the adsorption reached 
equilibrium (mmol/l) 
Ws = Weight of cladodes flour (g) 
Vi = Volume of glucose solution (ml) 
 

 
 

Figure 1. Morphometric variables of N. cochenillifera cladodes used 
in the study 

 
2.3. Animal of study 
 
Before experiments, the animals were housed in mouse cages at 
room temperature (27 ± 2 °C) with 12-h light/dark cycles. The care 
and use of the animals were approved by the Animal Care 
Committee of the Instituto de Ciencias de la Salud, UAEH, with the 
number CIECUAL/006/2020, as in other experiments (Estrada-Luna 
et al., 2018). Sixteen 8-9 week old male CD-1 mice weighing 35-40 g 
were used; we divided into four groups (n = 4): control (group 1), 
supplemented with 3.5, 7.0, and 10.5 mg/kg body of cladode flour, 
forming groups 2, 3 and 4, respectively. 
 
2.3.1. Diets 
 
The feed for the groups was a standard rat diet (Rodent 
Chow5008®). For the study groups, egg and lard were added to the 
same diet to increase caloric intake by approximately 30%, which 
contained 42% carbohydrate, 12% protein, and 42% saturated fat in 
the final feed, a high-fat diet similar to those reported by Romo-
Araiza et al. (2018). 
 
2.3.2. Induction of diabetes and treatments 
 
Before the administration of flour, a group was diabetized (glucose 
values above 200 mg/dl) with a single dose of streptozotocin (Sigma, 
St. Louis, MO) at 180 mg/kg body, administered intraperitoneally 
(Betanzos-Cabrera et al., 2011). 
 
After the animals were diabetized, three concentrations of cladode 
flour (3.5, 7.0, and 10.5 mg/kg body) were administered 
intragastrically to the mice in each group (n = 4). The control group 
was administered water and 10.5 mg/kg body flour intragastrically. 
Blood samples were obtained by venipuncture from the tail of each 
mouse at 0, 30, 60, 90, and 120 min after administration of flour. 
Glucose levels in the blood were measured using a glucose 
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monitoring device (Accu-Chek Instant, Roche Indianapolis, IN, USA). 
Glucose levels were monitored for a more extended period (28 
days) using the highest concentration of flour (10.5 mg/kg body). 
 
2.4. Statistical analysis 
 
Data were expressed as mean ± standard deviation. A one-way 
ANOVA with a Tukey test was used to analyze the results of all 
experimental groups. Differences were considered significant at p < 
0.05, using GraphPad Prism version 8.4 (GraphPad Software, San 
Diego, USA). 
 
3. Results and discussion 
 
N. cochenillifera contains significant amounts of crude fiber, 
carbohydrates, and phenolic compounds (da Silva et al., 2015; 
Fabela-Illescas et al., 2022). Cladodes' concentration and fiber 
composition depends on their maturity stage, as does the content of 
phenolic compounds (Moussa-Ayoub et al., 2014; Rodríguez-García 
et al., 2007). The maturity stage of cladodes has shown a positive 
correlation with insoluble fiber content and a negative correlation 
with soluble fiber (Rodríguez-García et al., 2007). Peerajit et al. 
(2012) reported that dietary fiber absorbs glucose in a dose-
dependent manner, which agrees with our results, as we found that 
flour absorbs glucose directly proportional to glucose concentration 
(mmol/g) (Figure 2). 
 

 
Figure 2. Glucose adsorption capacity of N. cochenillifera cladode 

flour 
 
Figure 3 shows a decrease in glucose levels at the three 
administered flour concentrations. The 10.5 mg/kg concentration 
showed the best trend in decreasing glucose levels over time, with a 
significance level of p < 0.05. Villaseñor and Lamadrid (2006) 
reported a non-significant decrease in glucose levels upon 
administration of 5 mg of N. cochenillifera. Our results also show a 
reduction in glucose levels in mice supplemented with 10.5 mg/kg 
flour compared to diabetic and non-diabetic control mice (Figure 4). 
Furthermore, Figure 4 shows that 10.5 mg/kg flour in the control 
group did not affect the standard homeostatic control of glucose 
levels. 
 
Glucose levels were also monitored for 28 days (Figure 5) in group 4 
(supplemented with 10.5 mg/kg body). The mouse with the highest 
plasma glucose levels at the beginning of the experiment decreased 

the most at the end compared to the other animals in the same 
group. These results are related to those presented in Figure 2, 
where the glucose uptake capacity of flour was directly proportional 
to the glucose concentration, suggesting that the greater the 
uncontrolled glucose levels, the greater the hypoglycaemic effect of 
N. cochenillifera. 
 

 
Figure 3. Effect of increasing concentrations of cladode flour on 

blood glucose levels in diabetic mice 
Glucose values are the mean of four replicates ± standard deviation. Diabetic mice and 
control non-diabetic mice were orally administered with water or with 3.5, 7.0, or 10.5 

mg/kg body cladode flour. 

 

 
Figure 4. Glucose levels in control and diabetic mice after 

administration of water control or 10.5 mg/kg body cladode flour 
Glucose levels are the mean of four repetitions ± standard deviation.  

 
Supplemented groups 2 and 3 (3.5 and 7.0 mg/kg body, 
respectively) exhibited glucotoxicity and died before the end of the 
28-day follow-up. 
 
Although the decrease in glucose levels after flour supplementation 
could be related to fiber, the decrease could also be attributed to 
the effect of phenolic compounds (Leem et al., 2016). At least 31 
compounds have been identified by HPLC in the cactus (Tavares et 
al., 2023). Previously, the following phenolic compounds were 
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identified and quantified in cladode flour of N. cochenillifera, which 
could be related to its anti-diabetic effects: gallic acid (2708.49 
µg/g), ferulic acid (796.73 µg/g), chlorogenic acid (179.70 µg/g), p-
coumaric acid (80.58 µg/g), syringic acid (11.12 µg/g) and 
neochlorogenic acid (9.52 µg/g) (Fabela-Illescas et al., 2022). 
Chlorogenic acid has hypoglycaemic properties, delaying intestinal 
glucose absorption and inhibiting hepatic gluconeogenesis (Ong et 
al., 2012). Polyphenol conjugates, and dietary fiber are promising 
natural ingredients for improving nutrition. Non-extractable 
polyphenols bound to dietary fibers are implicated in preventing or 
progressing various chronic diseases. These polyphenolic fibers can 
be used to improve the nutritional content of food products, be 
used by consumers at high risk for human health problems (e.g., 
diabetes), or enable personalized nutrition (Fernandes et al., 2023). 
Andrade-Cetto and Wiedenfeld (2011) reported that pectins 
(complex polysaccharides present in plant cell walls) act as nutrient 
sequestrants in the digestive tract, preventing glucose absorption. 
 

 
Figure 5. Glucose levels in four diabetic mice administered 10.5 

mg/kg body cladode flour 
 
Magaña-Cerino et al. (2022) evaluated the in vitro α-glucosidase 
activity of methanolic extract of N. cochenillifera. They found that 
the enzyme activity is not related to the glycaemic response, and 
perhaps the anti-diabetic effect may instead be due to compounds 
that cause changes in the gut microbiota (Sánchez-Tapia et al., 
2017). Sánchez-Tapia et al. (2017) reported that incorporating nopal 
in the diet caused a decrease in serum glucose in obese rats, 
modified the intestinal microbiota, and increased occludin. It 
correlated with decreased metabolic endotoxemia, insulinotropic 
glucose peptide, glucose intolerance, lipogenesis, and metabolic 
inflexibility. The anti-diabetic mechanism of N. cochenillifera flour is 
unclear, and further testing is needed to identify the chemical 
source of the anti-diabetic effect. 
 
4. Conclusions 
 
Overall, the present work demonstrates the lowering of blood 
glucose levels by N. cochenillifera cladode flour in an in vivo model 
with induced diabetes. The flour could be a functional food and be a 
therapeutic option in disease treatment. However, further clinical 
trials are necessary on N. cochenillifera cladode to corroborate the 
anti-diabetic activity of the plant while considering the presence of 
comorbidities, pharmacological interaction, and dietary patterns. 
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