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The anti-diabetic effect traditionally attributed to the mesocarpium and cladode of Opuntia joconostle 
was assessed experimentally in male wistar rats with streptozotocin-induced diabetes (40 mg/kg 
bodyweight). Groups of six diabetic and six healthy rats were dosed with either water or aqueous 
extracts of mesocarpium, cladode or a 50:50 mixture of both. The dose, defined through a screening 
experiment, was 100 mg/kg bodyweight of the freeze-dried aqueous extract, administered orally by 
esophageal cannula for 12 weeks. Variables assessed at weekly intervals were: blood levels of 
cholesterol, high-density lipoproteins (HDL), glucose and triglycerides. Total cholesterol and HDL levels 
were statistically similar among diabetic and healthy animals. A reduction (p < 0.001) in glucose 
concentration was observed in both healthy and diabetic rats dosed with the three O. joconostle 
supplements; this effect was most evident with the mesocarpium (72%). Triglycerides decreased (p < 
0.001) only in healthy rats. These findings reveal that O. joconostle possesses a glucose- and lipid-
lowering effect in both healthy and diabetes-induced rats; this suggests that the frequent consumption 
of O. joconostle by humans in the diet may contribute to prevent and control the complications 
associated with type-2 diabetes mellitus. 
 
Key words: Opuntia joconostle, hipoglucemic, xoconostle, hipolipidemic. 

 
 
INTRODUCTION 
 
Diabetes mellitus (DM) is a disease that affects glucose 
homeostasis causing visual, heart and renal impairment, 
as well as circulatory and digestive complications, which 
may lead to permanent health alterations and even death 
(Starr and Mcmillan, 2007). Given the pathological 
diversity of this disease, DM has been regarded as one of 
the major public-health issues worldwide. In the year 
2000, some 171 million cases of diabetes were recorded 
worldwide, and estimates suggest that this figure will rise 
to 366 million by 2030 (Wild et al., 2004). In  Mexico,  DM  
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is the second leading cause of death and the most 
important chronic-degenerative disease (Zárate and 
Ramírez, 2007). According to the Mexican Official 
Standard (Anonymous, 1994), several DM types have 
been characterized, the most common ones being type-1 
(DM1) and type 2 DM (DM2); of these, DM2 is the most 
frequent type (90%), commonly associated with obesity 
(Hernández-Ávila and Olaíz-Fernández, 2002). 

The therapeutic strategies to properly control this 
disease in its early stages include modifications in diet, 
exercising and administration of glucose-lowering agents. 
However, this scenario changes once the disease has 
reached the degenerative stage, when treatment 
becomes expensive and usually beyond reach for most 
persons. For this reason, the use of traditional medicine  



 
 
 
 
has risen, especially in developing countries and among 
the population with the lowest income and with no access 
to public healthcare services (Andrade-Cetto and 
Heinrich, 2005). The World Health Organization 
acknowledges the use of natural products as cheap and 
effective treatments for DM (Castillo, 2002). However, 
misuse of this therapeutic option may lead to serious 
alterations and, therefore, the experimental assessment 
of the risks and benefits associated with these therapies 
is relevant. 

In Mexico, the use of Opuntia species, belonging to the 
Cactaceae, is an alternative treatment commonly use for 
diabetes; this plant can be taken before breakfast by 
preparing a shake with joconostle mesocarpium, cladode 
or both (Ibáñez-Camacho and Merckes-Lozoya, 1979; 
Bravo-Holis, 1978). The species most commonly used for 
this purpose include the wild O. joconostle, O. leucotricha 
and O. streptacantha, and the cultivated O. ficus-indica 
Mill and O. matudae Scheinvar, the latter being grown 
commercially in the State of Mexico. The traditional use 
of Opuntia to treat DM has stimulated a number of 
investigations (Pimienta-Barrios et al., 1994; Bwititi et al., 
2000; Alarcón-Aguilar et al., 2003) aimed at determining 
the qualities attributed to this genus. O. joconostle A. 
Web. typically grows in semiarid areas across central and 
northern Mexico, where it prospers equally well in wild 
“nopaleras” (Opuntia spp. dominated plant communities); 
backyard orchards and commercial plantations (Bravo-
Holis, 1978; Bautista, 1982; Sánchez and Figueroa, 
1994; Scheinvar, 1999). This is a shrub measuring up to 
2.0 m high, with a well-defined stem. The obovate, ovate 
or rhomboid cladodes measure up to 28 cm long by 21 
cm wide; the epidermis is glabrous (occasionally waxy), 
light green (slightly yellowish) with purple spots under 
areoles in winter; fruits range from globose to subglobose 
and cylindrical, 3.5 cm long and up to 5.5 cm in diameter, 
with a sunken yellowish-green to red floral scar, easily 
recognized by a thick peel with a pleasant consistency 
and acid flavor (Bravo-Holis, 1978; Sánchez and 
Figueroa, 1994; Reyes et al., 2009). 

Although this species is highly appreciated and 
commonly used in traditional medicine as an anti-diabetic 
agent, it has been rarely included in preclinical and 
clinical trials to investigate this effect. Therefore, the aim 
of the present investigation was to confirm the glucose-
lowering effect traditionally attributed to the mesocarpium 
and cladode of O. joconostle. To this end, a freeze-dried 
aqueous extract of these organs, either separate or 
combined, was administered to male wistar rats with 
experimentally streptozoticin-induced diabetes. 
 
 
MATERIALS AND METHODS 
 
This study used fruits and cladodes of O. joconostle from the 
experimental plantation of the Instituto de Investigación de Zonas 
Desérticas (Institute of Arid Zone Research) at the Universidad 
Autónoma de San Luis Potosí (San Luis Potosi Autonomous 
University) (22°43’ N; 100° 57’W; 1860 m.a.s.l.). These materials  
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were harvested from the same plant, at the same stage of maturity 
and simultaneously. Fruits were collected when these were ripe; 
cladodes, at approximately 9 months old. Fruits were cut in half; the 
epidermis (epicarpium) and seeds along with the scarce pulp 
associated with them (endocarpium) were removed. The fleshy 
mesocarpium was cut into thin slices and dried in a forced-air oven 
(Shel La, Model FX14, USA) at 35 ± 2°C to constant weight. 
Areoles were removed from cladodes; afterwards, cladodes were 
sliced and dried similarly to mesocarpium. Dried materials were 
pulverized in a conventional blender. 
One hundred grams of each powdered material were extracted 
using the water-reflux method (1:10 w/v) for two hours; aqueous 
extracts were filtered through a Whatman No. 1 filter paper and 
then freeze-dried at -50°C (Lobconco Corporation, Model 117, 
England). The yield after lyophilization was 42.4 g/100 g 
mesocarpium powder, and 30.4 g/100 g cladode powder. 
 
 
Animals and diabetes induction 
 
Forty eight adult male Wistar rats weighing 250 to 300 g were used 
in the experiment. These were obtained from the Animal Facility 
Laboratory at the College of Medicine, Universidad Autónoma de 
San Luis Potosí. Animals were individually housed in polypropylene 
cages kept in a room under controlled temperature and humidity, 
with an inverted 12 / 12 h light-darkness cycle. Animals were kept in 
this room under the experimental housing and feeding conditions 
for one week prior to the trial. Animals had ad libitum access to 
water and were fed 20 g commercial rodent food (Rodent 
Laboratory Chow 5001, Agriands Purina, México). Animals were 
handled in compliance with the ethics recommendations of the 
Mexican Official Standard: Technical Specifications for the 
Breeding, Care and Use of Laboratory Animals (NOM-062-ZOOO-
1999) (Anonymous, 1999). 

DM was induced experimentally in rats using streptozotocin 
(STZ) (Sigma SO130, St. Louis, MO, USA) dissolved in 0.01 M 
sodium citrate buffer (pH 4.5). To this end, a single dose of 40 
mg/kg bodyweight was administered intraperitoneally to rats fasted 
for 12 h. Three days post-administration, blood samples were 
drawn from the caudal vein and the animal’s glycemic status was 
determined with a portable glucose meter (Ascencia Elite, Bayer, 
Francia). Rats with blood glucose levels above 250 mg/dL after a 
12 h fast were deemed diabetic. These rats received slow-acting 
insulin (Eli Lilly HI-310 NPH, México) (one to three units) 
subcutaneously at 12 h intervals daily over the experimental period 
(12 weeks), to keep glucose levels between 250 and 350 mg/dL 
and hence mimic the metabolic condition of a DM2 patient with no 
therapeutic control. 

To determine the optimum dose for the mesocarpium, cladode or 
mesocarpium/cladode mixture supplement, in terms of the 
biological response of diabetic and healthy animals, a screening 
assay was conducted with 24 rats similar to those already 
described: 12 with STZ-induced diabetes and 12 healthy rats. 
Three healthy and three diabetic rats received the same 
supplement and dose, that is, extract of either mesocarpium, 
cladode or 50:50 mesocarpium/cladode mixture, dosed at 100.0, 
200.0 or 300.0 mg lyophilized extract using water as a vehicle, per 
kg of body weight, and the blood glucose concentration was 
measured at 30 min intervals for three hours.  
 
 
Experimental design, treatments, variables assessed, and 
statistical analysis 
 
The experiment was conducted according to a fully randomized 
experimental design, with a 2 x 4 factorial arrangement of 
treatments. Factors and levels were: (a) animal condition (diabetic 
and healthy), and (b) supplement type (mesocarpium, cladode,  
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Table 1. Mean squares and F test for concentrations (mg/mL) of compounds in blood of diabetic and healthy rats 
supplemented with water (W), mesocarpium (M), cladode (C) or mix of mesocarpium and cladode (M/C) of O. joconostle. 
 

 D. F. Glucose Triglycerides Cholesterol HDL 

Suplement 3 25447.54*** 242.22*** 52.39 70.74* 

Animal condition 1 89874.24*** 6657.21*** 817.27* 11.87 

Animal condition x suplement 3 19250.79*** 84.88* 67.54 34.03 

Error 36 861.97 26.78 63.64 26.87 

V.C. (%)  22.65 6.63 9.9 20.53 
 

***Significant level p<0.0001. *Significant level p< 0.05. D. F. = Degrees of freedom. V. C. = Variation coefficient. 
 
 
 
mesocarpium/cladode mixture, and water) with six replicates, one 
rat each. The experimental period lasted 12 weeks, during which 
supplements were administered via oral cannula, once daily, at the 
beginning of the darkness period. Each week, about two hours 
post-dosing, a blood sample was drawn from the caudal vein. 
These samples were tested for the effects of treatments in terms of 
glucose, total cholesterol, high-density lipoprotein (HDL) and 
triglyceride concentration. These variables were determined using 
commercial enzymatic kits (Sera Pack� Plus, Bayer, Argentina) in 
a spectrophotometer (Bayer, RA-50 Chemistry Analyzer, Ireland) 
with wavelengths from 500 to 600 nm. Furthermore, the body 
weight of each rat was recorded each week. The change in body 
weight was calculated weekly using the equation: bodyweight gain 
(%) = ((final weight - initial weight)/initial weight) • 100. 
The data analysis was conducted through the PROC GLM 
procedure in SAS (SAS, versión 8.0; SAS Institute, Cary, North 
Carolina), and using a multiple comparison of means (Steel and 
Torrie, 1999). Results are reported as means ± standard error of 
the 12 assessments. 
 
 
RESULTS AND DISCUSSION 
 
The preliminary experiment revealed that healthy animals 
supplemented with 100 mg of the lyophilized 
mesocarpium extract/kg bodyweight had statistically 
similar glucose levels as water-supplemented animals; 
rats supplemented with 200 and 300 mg of this extract/kg 
displayed statistically higher glucose levels (p < 0.05) 
relative to water-supplemented animals. Diabetic rats 
supplemented with 100 mg of the lyophilized 
mesocarpium extract/kg bodyweight showed a lower 
glucose level (p < 0.01) compared with diabetic animals 
supplemented only with water and with twice and three 
times the amount of fruit (p < 0.05). Based on these 
findings, 100 mg of the lyophilized mesocarpium 
extract/kg bodyweight was chosen as the optimum 
experimental dose, for leading to the smallest rise in 
glucose concentration in diabetic rats while causing no 
alterations in healthy rats. 

The effect of the various supplements on glucose 
concentration differed statistically (Table 1) and was 
associated with the animals’ health status (Figure 1). 
Thus, both healthy and diabetic rats supplemented with 
mesocarpium showed a lower glucose concentration (p < 
0.001) compared with water-supplemented rats. At the 
same time, mesocarpium  supplementation  administered 

to diabetic rats led to the greatest reduction (70%, p < 
0.0001) in glucose levels, up to concentrations 
statistically similar to those in healthy rats. In contrast, 
diabetic animals supplemented with cladode displayed 
the smallest reduction in glucose concentration, and 
showed the characteristic symptoms of DM during 
handling and care, such as irritability, polyuria, polydipsia 
and polyphagia. Besides, diabetic rats supplemented with 
the mesocarpium-cladode mixture displayed glucose 
concentrations between those associated with either 
mesocarpium or cladode alone, hence confirming that the 
mesocarpium is the main cause of the reduction in 
glucose concentration. 

Mesocarpium administration resulted in an immediate 
decrease in blood glucose level, which became 
accentuated during the last weeks of the experiment. 
This finding contrasts with observations in healthy 
persons by Pimienta-Barrios et al. (1994), where glucose 
concentration rose 20 and 40 min after consuming O. 
joconostle fruits; these authors attributed this rise to the 
mucilage present in the fruit. However, the fact that the 
mesocarpium caused a reduction in glucose 
concentration in both diabetic and healthy rats 
approximately three hours post-dosing indicates that the 
glucose-regulating homeostasis mechanisms functioned 
normally in all animals (Mathews et al., 2002). 
Furthermore, since mesocarpium administration was 
associated with glucose concentrations returning to the 
normal range in diabetic rats, such reduction is likely 
caused by a chemical present only in this plant organ. 
The lowering of glucose levels caused by O. joconostle 
has also been observed with other Opuntia species, 
including O. ficus-indica (Frati-Munari et al., 1989), O. 
fuliginosa Griffiths (Trejo-González et al., 1996), O. 
lindheimeri Eglem. (Laurenz et al., 2003), O. megacantha 
Salm-Dyck (Bwititi et al., 2000; Bwititi et al., 2001), O. 
robusta Wendl. (Wolfran et al., 2002) and O. 
streptacantha Lem. (Ibáñez-Camacho and Román-
Ramos, 1979; Ibáñez-Camacho and Meckes-Lozoya, 
1983; Meckes-Lozoya and Ibáñez-Camacho, 1989; Frati-
Munari et al., 1988; 1989a; 1989b; 1989c; Román-Ramos 
et al., 1991; 1995); hence, the various Opuntia species 
likely share similar metabolites that are responsible for 
the glucose-lowering effect associated with them. 
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Figure 1. Effect of water (W), mesocarpium (M), cladode (C) or mix of mesocarpium and cladode 
(M/C) of O. joconostle supplementation on glucose concentration in diabetic and healthy rats. Each 
point represents the mean ± SEM of six rats. 

 
 
 

 
 
Figure 2. Effect of water (W), mesocarpium (M), cladode (C) or mix of mesocarpium and 
cladode (M/C) of O. joconostle supplementation on tryglicerides concentration in diabetic and 
healthy rats. Each point represents the mean ± SEM of six rats.  

 
 
 
In addition to the glucose-metabolism impairment, DM 
also disrupts lipid metabolism in the long term (Suash-au 
et al., 2007). As regards triglycerides, the effect of 
supplementation on rat health status was also highly 
significant (Table 1); that is, supplements modified blood 
triglyceride levels, as a function of the animal’s health 
condition. Triglyceride concentration dropped significantly 

(p < 0.001) in xoconostle-supplemented healthy rats; 
however, the higher triglyceride concentration observed 
in diabetic rats did not drop significantly (Figure 2).  
However, these findings contrast with those reported by 
Pimienta-Barrios et al. (1994), who affirm that triglyce-
rides showed no reduction in healthy patients supplemen-
ted  with  xoconostle  fruit.  The  decrease  in   triglyceride  
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Figure 3. Effect of water (W), mesocarpium (M), cladode (C) or mix of mesocarpium and cladode 
(M/C) of O. joconostle supplementation on cholesterol concentration in diabetic and healthy rats. Each 
point represents the mean ± SEM of six rats. 

 
 
 
concentration was also observed by Frati-Munary et al. 
(1992) in healthy subjects who were given capsules 
containing flour from O. ficus-indica fruits, as well as by 
Wolfran et al. (2002) when hyperlipidemic subjects were 
supplemented with fresh pulp of O. robusta fruits. 

Untreated diabetes results in a rise in the concentration 
of triglycerides, quilomicrons and free fatty acids; in turn, 
this frequently leads to lipemic plasma. The rise in 
triglyceride concentration is largely due to buildup when 
triglyceride translocation to fat deposits is reduced 
(Ganog, 2003). The reduction in triglyceride concentra-
tion in healthy rats may be due to that xoconostle 
mesocarpium extracts contain some type of 
polysaccharide or mucilage (soluble fiber) that favors lipid 
metabolism (Ou et al., 2001; Weickert et al., 2005; Chen 
et al, 2009). Thus, the O. joconostle mesocarpium might 
be useful as an adjuvant treatment in persons not 
suffering DM but showing high triglyceride levels. 

Only the differences in cholesterol concentration 
between diabetic and healthy animals were statistically 
significant (Table 1 and Figure 3). Specifically, 
cholesterol concentration was higher in diabetic rats 
supplemented with either cladode or the mesocarpium-
cladode mixture (p < 0.05 and p < 0.01, respectively) 
compared to healthy rats. In contrast, cholesterol 
concentration was statistically similar in both diabetic and 
healthy rats supplemented with water and mesocarpium. 
This finding evidences again the beneficial effect of 
mesocarpium in regulating the blood lipid complex in DM 
animals. 

The results obtained with the mesocarpium supplement 
contrast with reports  by  Pimienta-Barrios  et  al.  (1994), 

who describe a reduction in cholesterol levels in healthy 
patients supplemented with xoconostle fruit, with findings 
by Frati-Munari et al. (1992), who administered capsules 
containing dried O. ficus-indica fruit to healthy subjects, 
and with findings published by Wolfran et al. (2002) when 
fresh pulp of O. robusta fruit was administered. 

Cholesterol is absorbed in the intestine and binds to 
some quilomicrons formed in the mucosa, which carry it 
to the liver; cholesterol is also synthesized in this organ 
and other tissues (Ganong, 2003). It is likely that the 
mesocarpium soluble fiber interferes with lipid absorption 
in the intestine (Muñoz et al., 1979; Jenkins et al., 1993; 
Anderson et al., 2000; van Bennekum et al., 2005), but it 
is also possible that pectin from the mesocarpium 
reduces cholesterol biosynthesis, hence regulating blood 
levels (Fernández et al., 1994). In general, cholesterol 
levels in plasma increase in diabetic patients, and this is 
regarded as one of the factors associated with the 
accelerated development of arteriosclerotic vascular 
disease, an important long-term complication of DM 
(Ganong, 2003). 

In the present investigation, supplementation led to 
significant differences (p < 0.05) in HDL concentrations 
(Table 1 and Figure 4). Thus, the differences found only 
in water-supplemented healthy and diabetic rats evidence 
the regulatory effect exerted by mesocarpium 
supplements on HDL concentration. Plasmatic HDL 
comprises complex compounds including proteins and 
lipids synthesized in the liver and small intestine, organs 
that participate in lipid transport and metabolism. HDL 
contain small cholesterol levels, since the former 
recapture  remnant  levels  of  the  latter  present   in   the  



Paiz et al.          2331 
 
 
 

 
 
Figure 4. Effect of water (W), mesocarpium (M), cladode (C) or mix of mesocarpium and cladode (M/C) 
of O. joconostle supplementation on HDL concentration in diabetic and healthy rats. Each point 
represents the mean ± SEM of six rats. 

 
 
 

 
 
Figure 5. Weight gain ([final weight – initial weight]*100/initial weight) of diabetic and healthy rats 
supplemented with water (W), mesocarpium (M), cladode (C) or mix of  mesocarpium and cladode (M/C) of O. 
joconostle. Each point represents the mean ± SEM of six rats.   

 
 
 
organism and transport it to the liver, where these are 
metabolized into bile salts (Kiss et al., 2006). 

At baseline, all experimental specimens displayed a 
similar weight (250 to 300 g). At the end, water-
supplemented diabetic and healthy rats displayed a 
statistically similar 50% gain in body weight. The smallest 
gain in body weight (31.50%) corresponded to cladode-
supplemented diabetic rats. Additionally, diabetic rats 
supplemented with either mesocarpium or the mixture 
displayed  a   relative  gain   in   body   weight   that   was 

statistically similar to that observed in water-
supplemented rats, which in turn was similar to the one 
recorded in healthy rats; the exception was rats 
supplemented with the mesocarpium-cladode mixture, 
which displayed the greatest relative gain in body weight 
(69.3%; p < 0.01) (Figure 5). 

The smaller relative gain in body weight in diabetic rats 
supplemented with cladode, even along with insulin 
administration, matches the overall trend that appears in 
diabetic patients over time, who tend to lose weight when  
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the treatment administered is not totally adequate. This 
agrees with the higher glucose concentrations in rats that 
received this treatment. The fact that supplementation 
with both fruit and the fruit-cladode mixture in diabetic 
rats had resulted in a weight gain similar to healthy rats 
further evidences their glucose-lowering effect. 

The precise mechanism underlying the glucose-specific 
effect of the xoconostle mesocarpium remains unknown, 
but it has been hypothesized that glucose-lowering 
agents: (1) increase insulin release by stimulating 
pancreatic β cells; (2) increase the resistance to 
hormones involved in rising blood glucose levels (Marles 
and Farnsworth,1995; Volpato et al., 2002); (3) increase 
the number and sensitivity of insulin receptors (Li et al., 
2003); (4) reduce the loss of glycogen by stimulating 
glucose intake in tissues and organs (Said et al., 2002); 
(5) increase the elimination of free radicals, thus favoring 
resistance to lipid peroxidation (Budinsky et al., 2001); 
and (6) correct the metabolic impairment related to lipids 
and proteins, and stimulate microcirculation of blood in 
the organism (Huo et al., 2003). 

Our findings, together with the consumption of the O. 
joconostle fruit in some sectors of the Mexican population 
and their traditional use to treat DM2, warrant the conduct 
of clinical trials in humans to determine the detailed 
mechanism that leads to the glucose-lowering effect and 
potential as an adjuvant for treating DM2. In parallel, the 
identification of the specific chemicals that account for the 
glucose-lowering action of the O. joconostle fruit is an 
aspect that deserves further investigation. 
 
 
Conclusions 
 
The oral administration of mesocarpium, cladode or a 
mixture of these two components of O. joconostle 
resulted in a lowering of plasma glucose and triglycerid 
levels in rats; the mesocarpium led to the greatest 
reduction of glycemia and lipidemia. Since DM2 is a 
degenerative chronic disorder that requires long-term 
therapy, our findings suggest that the continuous 
adjuvant treatment with O. joconostle mesocarpium and 
cladode supplements may contribute to prevent and 
control the complications of DM2 in humans. However, 
further pharmacological and chemical research is 
required to characterize the active chemical(s) 
participating in this effect and understand the mechanism 
of action. 
 
 
ACKNOWLEDGMENTS 
 
This study was supported by Fondo de Apoyo a la 
Investigación Grant C07-FAI-04-8.10. With this study, R. 
C. Paiz got a master degree at Programa 
Multidisciplinario de Postgrado en Ciencias Ambientales 
of UASLP.  

 
 
 
 
The authors thank Yolanda Jasso and Ma. del Socorro 
Jasso-Espino  for technical assistance. 
 
 
REFERENCES 
 
Alarcón-Aguillar FJ, Valdes-Arzate A, Xolalpa-Molina S, Banderas-

Dorantes T, Jiménez-Estrada M, Hernandez-Galicia E, Roman-
Ramos R (2003).  Hypoglycemic activity of two polysaccharides 
isolated from Opuntia ficus-indica and O. streptacantha. Proc. West. 
Pharmacol. Soc., 46: 139-42. 

Anderson JW, Allgood LD, Lawrwnce A, Altringer LA, Jerdack GR, 
Hengehold DA, Morel JG (2000). Cholesterol lowering effects of 
psyllium intake adjunctive to diet therapy in mena nd women with 
hypercholesterolemia: meta-analysis of 8 controlled trials. Am. J. 
Clin. Nutr., 71: 472-479. 

Andrade-Cetto A, Heinrich M (2005). Mexican plants with 
hypoglycaemic effect used in the treatment of diabetes. J. 
Ethnopharmacol., 99: 325-348. 

Anonymous (1994) Norma Oficial Mexicana NOM-015-SSA2, 
prevention, treatment and control of diabetes [in line]. Secretaria de 
Salud. 
URL:<http://www.salud.gov.mx/unidades/cdi/nom/mo015ssa24.htlm> 
(Consult: June 2, 2007). 

Anonymous (1999). Norma Oficial Mexicana NOM-062-ZOO, technical 
specifications for production, care and use of laboratory animals (in 
line). Secretaria de Salud. 
URL:<http://www.salud.gov.mx/unidades/cdi/nom/mo015ssa24.htlm> 
(Consult: June 2, 2007). 

Bautista CR (1982). Agroecosystems Nopaleros the Valley of Mexico. 
Professional thesis. Regional Unit Arid University, University of 
Chapingo, México, p. 92. 

Bravo-Holis H (1978). Las cactáceas de México. 2ª Ed. Vol 1. 
Universidad Autónoma de México. México, p. 743.  

Budinsky A, Wolfram R, Oguogho A, Efthimiou Y, Stamatopoulos Y, 
Sinzinger H (2001). Regular ingestion of Opuntia robusta lowers 
oxidation injury. Prostaglandins Leukot Essent Fatty Acids, 65: 45-50. 

Bwititi PT, Musaayane CT, Nhachi CB (2000). Effects of Opuntia 
megacantha on blood glucose and kidney function in streptozotocin 
diabetic rats. J. Ethnopharmacol., 69: 247-52. 

Bwititi PT, Machakaire T, Nhachi CB, Musaayane CT (2001). Effects of 
Opuntia megacantha leaves extract on renal electrolyte and fluid 
handling in streptozotocin (STZ) – diabetic rats. Ren Fail, 23: 149-58. 

Castillo GE (2002). Productos Naturales y Diabetes. In: Lopez-
Castellano AC, Silvestre-Castellano MD, Villagrasa-Sebastian V. 
(Eds.) Diabetes mellitus, Pathophysiology, therapeutic and social. 
Universidad Cardenal Herrera-CEU, pp. 49-61. 

Chen X, Liu Y, Bai X, Wen L, Fang J, Chen J (2009). Hypoglycemic 
polysaccharides from the tuberous root of Liriope spicata.  J. Nat. 
Prod., 72: 1988-1992. 

Fernández M L, Lin ECK, Trejo A (1994). Prickly pear (Opuntia sp.) 
pectin alters hepatic cholesterol metabolism without affecting 
cholesterol absortion  in guinea pigs fed with hypercholesterolemic 
diet. J. Nut., 124: 817-824. 

Frati-Munari AC, Gordillo E, Altamirano P, Ariza CR (1988). 
Hypoglycemic effect of Opuntia streptacantha Lemaire in NIDDM.  
Diabetes Care, 11: 63-6. 

Frati-Munari AC, de León C, Ariza-Andraca CR, Banales-Ham MB, 
López-Ledesma R, Lozoya X (1989). Effect of a desydrated extract of 
nopal (Opuntia ficus indica Mill.) on blood glucose. Arch. Invest. 
Med., 20(3): 211-216. 

Frati-Munari AC, Del Valle-Martínez LM, Ariza-Andraca CR, Islas-
Andrade S, Chavez-Negrete A (1989a). Hypoglycemic action of 
different doses of nopal (Opuntia streptacantha Lemaire) in patients 
with type II diabetes mellitus. Arch, Invest. Med., 20(2):197-201. 

Frati-Munari AC, Rios-Gil U, Ariza-Andraca CR, Islas-Andrade S, 
Lopez-Ledesma R (1989b). Duration of the hypoglycemic action of 
Opuntia streptacantha Lem. Arch Invest Med., 20(4):297-300. 

Frati-Munari AC, Altamirano-Bustamente E, Rodriguez-Barcenas N, 
Ariza-Andraca CR, López-Ledesma R (1989c). Hiperglycemic action 
of Opuntia streptacantha Lemaire: study using raw extracts. Arch. 



 
 
 
 

Invest. Med., 20(4): 321-5. 
Frati-Munari AC, Xilotl-Diaz N, Altamirano P, Ariza-Andraca CR, Lopez-

Ledesma R (1991). The effect of two sequential doses of Opuntia 
streptacantha upon glycemia. Arch. Invest. Med., 22(3-4): 333-6. 

Frati-Munari AC, Vera-Lastra O, Ariza-Andraca CR (1992). Evaluation 
of nopal capsules in diabetes mellitus. Gac. Méd. Mex., 128(4): 431-
6. 

Ganong WF (2003). Fisiología Médica. 17ª Ed. Editorial El Manual 
Moderno. D.F., México, p. 944 

Hernández-Ávila M, Olaíz-Fernández G (2002). Diabetes and Mexico: a 
public health challenge. Ciencia, 53(3): 8-17.  

Hou CC, Lin SJ, Cheng JT, Hsu FL (2003) Antidiaetic dimeric 
guianolides and a lignan glycoside from Lactuca indica. J. Nat. Prod., 
66(5): 625-629. 

Ibáñez-Camacho R, Roman-Ramos R (1979). Hypoglycemic effect of 
Opuntia cactus. Arch. Invest. Med., 10(4): 223-30. 

Ibáñez-Camacho R, Meckes-Lozoya M (1983). Effect of a semipurified 
product obtained from Opuntia straptacantha L. (a cactus) on 
glycemia and triglyceridemia of rabbit. Arch. Invest. Med., 14(4): 437-
443. 

Jenkins D, Wolever T, Rao JV, Hegele RA, Mitchell SJ, Ranson T, 
Boctor DL, Spadafora PJ, Jenkins AL, Mehling C, Relle LK, Connelly 
PW, Story JA, Furumoto EJ, Corey P, Wursch P (1993). Effect on 
blood lipids of very high intakes of fiber in diets low in satured fat and 
colesterol. N Engl. J. Med., 329: 21-26.    

Kiss ACI, Takaku M, Damasceno DC, Campos KE, Sinzato YK, Lima 
PO, Volpato GT (2006). Efeito do extrat AQUOS Allium sativum L. on 
biochemical parameters of rats com induzido Streptozotocin Diabete. 
Rev. Bras. Pl. Med., 8(3): 24-30 

Laurenz JC, Collier CC, Kuti JO (2003). Hipoglycaemic effect of Opuntia 
lindheimeri Englem in a diabetic pig model. Phytother. Res., 17(1): 
26-35. 

Li SQ, Covino ND, Stein EG, Till JH, Huard SR (2003). Structural and 
biochemical evidence for an autoinhibitory role for tyrosine 984 in the 
juxtamembrane region of the insulin receptor. J. Biol. Chem., 278: 
26007-26014. 

Marles RJ, Farnsworth NR (1995). Antidiabetic plants and their active 
constituents. Rev. Phytomed., 2: 137-189. 

Mathews KC, Van Holde KE, Ahern KG (2002). Bioquímica. 3ª Ed. 
Addison Wesley. Madrid, p. 1335. 

Meckes-Lozoya M, Ibáñez-Camacho R (1989). Hypoglucemic activity of 
Opuntia streptacantha throughout its annual cycle. Am. J. Chin. Med., 
17(3-4): 221-225. 

Muñoz JM, Sandstead HH, Jacob RA, Logan GM, Reck SJ, Kleaby LM, 
Shuey WC (1979). Effects of some cereal brans and textured 
vegetable protein on plasma lipids. Am. J. Clin. Nut., 32: 580-592. 

Ou S, Kwork K, Li Y, Fu L (2001). In vitro study of possible role of 
dietary fiber in lowering post prandial serum glucose. J. Agric. Food 
Chem., 49:1026-1029  

Pimenta-Barrios E, Méndez-Moran L, Ramírez B (1994). Effect of the 
ingestion of xoconostle fruit (Opuntia joconostle Web.) on glycemia 
and serum lipids. In: Felker P, Moss JR (Eds.) Proc Fifth An Texas 
Prickly Pear Council. Texas, USA, pp. 51-60. 

Reyes JA, Aguirre JR, Carlín F, González D (2009). Catalogue of the 
main variants of wild and cultivated Opuntia in the Southern 
Highlands of Mexico. UASLP, SAGARPA y CONACYT. San Luis 
Potosí, SLP. México, p.350.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Paiz et al.          2333 
 
 
 
Román-Ramos R, Flores-Saenz JL, Partida-Hernandez G, Lara-Lemus 

A, Alarcón-Aguilar F (1991). Experimental study of the hypoglycemic 
effect of some antidiabetic plants. Arch Invest Med., 22(1): 87-93. 

Román-Ramos R, Flores-Saenz JL, Alarcón-Aguilar FJ (1995). 
Antihyperglycemic effect of some edible plants. J. Ethnopharmacol., 
48: 25-32. 

  Said O, Khalil K, Fulder S, Azaizeh H (2002). Ethnopharmacological 
survey of medicinal herbs in Israel, the Golan Heights and the West 
Bank Region. J. Ethnopharmacol.,83: 251-265. 

Sánchez VG, Figueroa SB (1994). Distribution and variation of Opuntia 
joconostle Weber in the state of Zacatecas. Agricultural 
Geography,20: 69-78. 

Scheinvar L (1999). Biosystematics of Mexican joconostle and its 
economic potential. In: RJR Aguirre, Reyes AJA. Report of the Eighth 
National Congress and VI International Conference on Knowledge 
and Use of Nopal. UASLP. San Luis Potosí, S. L. P. México, pp. 255-
274. 

Starr C, McMillan B (2007). Human Biology. 7ª ed. Thompson Higher 
Education. Belmont, USA, p. 488. 

Suash-au P, Prauseennivasan S, Ignacimuthu S (2007). 
Cinnamaldehyde-A potential antidiabetic agent. J. Phytomed., 14: 15-
22. 

Trejo-González A, Gariel-Ortiz G, Puela-Pérez AM, Guísar-Contreras 
MD, Munguía-Mazariegos MR, Mejía-Arreguin S, Calva E (1996). A 
purified extract from prickly pear cactus (Opuntia fuliginosa) controls 
experimentally induced diabetes in rats. J. Ethnopharmacol., 55: 27-
33. 

Van Bennekum A, Nguyen DV, Schulthess G, Hauser H, Phillips MC 
(2005). Mechanisms of cholesterol-lowering effects of dietary 
insoluble fibers: relationship with intestinal and hepatic cholesterol 
parameters. B J. Nut., 94: 331-337.  

Volpato GT, Damasceno DC, Calderon IMP, Rudge MVC (2002). 
Revisão de plantas brasileiras com comprovado efeito 
hipoglicemiante no controle do Diabetes Mellitus. Rev. Bras. Pl Med., 
4:35-45. 

Weickert MO, Mohlig M, Koebnick C, Holst J, Namsolleck P, Ristow 
M,Osterhoff M, Rochlitz H, Rudovick N, Spranger J, Pfeifer AFH 
(2005). Impact of cereal fiber on glucose regulating factors. 
Diabetologia, 48: 2343-2353.  

Wild S, Roglic GA, Sicree R, King H (2004). Global prevalence of 
diabetes: estimates for the year 2000 and projections for 2030. 
Diabetes Care, 27:1047-1053. 

Wolfram RM, Kritz H, Efthimiou Y, Stomatopoulos J, Sinzinger H 
(2002). Effect of prickly pear (Opuntia robusta) on glucose and lipid – 
metabolism in non-diabetics with hyperlipidemia – A pilot study. Wien 
Klin Wochenschr, 114(19-20): 840-846. 

Zárate HM, Ramírez R (2007). Epidemiological Surveillance System 
Type 2 Diabetes Hospital. Ministry of Health. Mexico. URL:< 
http://www.dgepi.salud.go.mx/diveent/DM-2-NEW/1-Manual-
SVEHDM.pdf> (Consult in: June 10, 2007). 

 


