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Abstract: Some pharmacological properties of the methanolic extract of Justicia secunda Vahl leaves 
(Acanthaceae) were evaluated in Streptozotocin (STZ)-treated albino mice to confirm whether it could 
be considered an alternative candidate to treat diabetes. Using qualitative phytochemistry, alkaloids, 
flavonoids, and tannins were detected. High concentrations of the extract in the DPPH antioxidant 
activity test conducted in vitro presented more than 90% inhibition of the radical during the first 
minutes of the reaction. The extract presented a slight genoprotective effect in the last days of the 
micronucleus test in mouse peripheral blood. Oral administration of the extract at high dose every 
two days for 6 weeks caused a hypoglycemic effect in STZ-treated mice, protection against weight 
loss, and decreased blood triglyceride levels from the week 3 of treatment. These effects could be 
mediated by the antioxidant activity of the detected metabolites and perhaps by an inhibitory effect 
on intestinal α-glucosidase, which renders J. secunda a good candidate for the long-term alternative 
treatment of diabetes without abandoning allopathic therapy. 

Keywords: Diabetes; mice; Justicia secunda; antioxidant; hypoglycemic; genoprotective effect  
 

1. Introduction 

The use of medicinal plants is widespread in Mexico and other Latin-American countries, where 
many sectors of the population, particularly the poorest, use it as an alternative treatment for various 
chronic—degenerative diseases such as diabetes [1,2]. For this, different parts of the plants can be 
used, such as the leaves, flowers, bark, or roots, or even the entire plant [3]. For this, different parts 
of the plants can be used, such as the leaves, flowers, bark, or roots, or even the entire plant [3]. The 
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use of plants is also increasing in developed countries, in that on the European continent, around 100 
million people utilize Traditional Medicine, and an equal or greater amount is estimated for other 
regions of the world. For example, it was estimated that in 2008, the United States (U.S.) spent $14.8 
million dollars on products made from Traditional Medicine, which has contributed to increasingly 
more countries recruiting people into clinical sectors that employ Traditional Medicine, such as 
physiotherapists, chiropractors, homeopaths, among others [4,5]. 

Worldwide, approximately 70,000 species of plants are used in Traditional Medicine, and in this 
context, during the period from 1991–2003, Mexico was in 4th place among the exporting countries 
of medicinal and aromatic plants with 37,600 tons of these, and it was estimated that in 2022 it ranked 
2nd in this area [6–8]. For example, in a study it was found that the most used plant species in areas 
such as the Guadalajara City metropolitan zone (Mexico) were Arnica (Heterotheca inoloides), 
Cuachalalate (Amphypterigium adstringens), Tila (Tila Mexicana), Gordolobo (Gnaphalium spp.), Salvia 
(Salvia officinalis), and Cola de caballo (Equisetum hyemale); in addition, 534/1,000 inhabitants use nopal 
(Opuntia ficus-indica), chaya (Cnidoscolus aconitifolius), and matarique (Psacalium peltatum) [9]. All of 
these can have an explanation based on the fact of the meaning that medicinal plants possess for 
people from the point of view of health, financial resources, cultural identity, and the perception of 
security in their lives [10–12]. As previously mentioned, many of these species are employed for the 
treatment of chronic—degenerative diseases such as diabetes, and in Mexico, there are several entities 
where the use for this purpose of various species is already reported [7,13,14], such as cow’s hoof 
(Bahuinia forficata) [15,16], Mexican oregano (Lippia graveolens) with antioxidant properties [17], nopal 
(Opuntia spp.) [18,19], Neem (Azadirachta indica) [20,21], and many more. 

During the COVID-19 pandemic and in the years since then, the comorbidity of the coronavirus 
(COVID-19) with various pathologies such as diabetes was revealed. The incidence of the latter is 
increasing throughout the world and, of course, in Mexico [22–24]; for example, recent studies have 
found that during the period from 2003—2014, diabetes in Mexico increased 2.6 times in people under 
50 years of age and 1.9 times in persons over 50 years of age [25], and both type 1 and type 2 diabetes 
exhibited a great increase in 2019 and in 2020 [26]. All of this leads to an urgent need to broaden the 
perspective for implementing alternative treatments for diabetes in developing countries. 

However, many remedies prepared with medicinal plants, such as infusions or teas, are 
administered without the supervision of medical experts, and in many cases, there is not sufficient 
scientific data to support the use and therapeutic effectiveness of these infusions for the condition 
they are intended to treat. In this sense, there are few studies focused on elucidating the adverse 
effects of medicinal preparations used to treat various pathologies, In the majority of the works, the 
authors mention that, at the doses used (50 mg—2,000 mg) in rat, mouse, or rabbit models, no toxic 
effects are presented [27–29]. Only certain works have emphasized that some medicinal plants do 
entail side effects, for example in the liver [30,31]. 

A species of plant that can flourish in humid, tropical, and temperate climates (Central America 
and South America) is Justicia secunda Vahl (Acanthaceae) [31–34]; in Mexico there are regions in the 
central and southern parts of the country where the use of this plant (in addition to others) for the 
alternative treatment (herbal) of diabetes is becoming very common, and there is scarce scientific 
literature that supports its therapeutic benefit against that disease, except in a few studies. The 
ethnomedical use of this plant has been reported in the Huasteca Potosina region and in the Yucatan 
Peninsula [35], as well as that of Justicia spicigera Schltdl in the Mexican states of Michoacán, Tabasco, 
Nayarit, Jalisco, Chiapas, Morelos, Tlaxcala, Veracruz, and Yucatán, where infusions are prepared to 
treat inflammation, anemia, leukemia, tuberculosis, diarrhea, hemorrhoids, rheumatism, parasitosis, 
arthritis, and bone and eye diseases; additionally, evidence of the anticonvulsant, antidepressant, 
anxiolytic, antinociceptive, and antidiabetic properties of some of its active metabolites is already 
beginning to emerge [36,37]; still other works report its use in women’s reproductive health [38]. It 
should be again emphasized here that those previous studies did not report toxic effects with the use 
of this plant, and only two examples were found where abortive effects were mentioned in rabbits 
and mice [39,40], making it clear that there remains the need for much research to be conducted in 
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order to establish the therapeutic benefit of this species in the treatment of diabetes. In this respect, 
the aim of the present research work was to establish whether the methanolic extract of Justicia 
secunda Vahl, administered in a chemical model of diabetes in mice, exerted antioxidant, 
genoprotective, and hypoglycemic effects, to provide scientific data in favor of its use as part of a 
possible alternative therapy against diabetes. 

2. Results 

2.1. Qualitative Phytochemical Analysis 

According to the methodology described in the corresponding section, the fresh Justicia secunda 
leaves were subjected to around 30 chemical reactions divided into acid, ethanolic, and aqueous 
extracts. Table 1 lists the secondary metabolites that were detected with the battery of chemical 
reactions used for this purpose.  

Table 1. Secondary metabolites detected by qualitative phytochemistry in the fresh leaves of Justicia secunda 
Vahl. 

Secundary 
Metabolite 

Reaction Acid extract Etanolic extract aqueous 
extract 

Alkaloids Dragendorff 
Mayer 

+ 
+ 

  

Flavonoids 
Shinoda (flavones) 

10% NaOH (flavonols)  
+ 
+  

Sterols Liebermann Buchard  +  

Tannins 
Gelatin reagent 

1% FeCl3 (phenolic 
compounds) 

  
 

+ 
+ 

+Presence. 

2.2. Spectroscopic Analysis 

Figure 1 depicts the spectrum of J. secunda leaves extract obtained by means of Infrared analysis 
with Fourier transform (FTIR) analysis. For a wavelength 600–1000 cm-1, a vibration of =C-H bonds 
was located; at the wavelength close to 1,100 cm-1, the carbonyl functional group was located. At the 
wavelength 1,375 cm-1 methyl groups were located, and at the wavelength 1,460 cm-1 methylene 
groups were located. Also, -C-C-H bonds around 2900 cm-1 were found, and at 3300 cm-1 hydroxyl 
bonds were detected. 
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Figure 1. Spectrum obtained with Infrared analysis with Fourier transform (FTIR) of the methanolic extract of 
Justicia secunda leaves. 

2.3. Evaluation of In-Vitro Antioxidant Activity 

Figure 3 summarizes the antioxidant activity of the four concentrations of Justicia secunda tested 
by the in-vitro method of DPPH, where the percentage of inhibition of the presence of DPPH by the 
extract was evaluated. Ascorbic acid (2%) was employed as reference standard, and it reached its 
maximal inhibition in the presence of DPPH (90.84%) when 10 min of the reaction had elapsed. 

The concentrations of 50 mg/mL and 25 mg/mL of the extract reached maximal percentage of 
inhibition of the presence of the DPPH radical greater than 91% during the reaction, highlighting the 
fact that both concentrations exceeded 90% inhibition of the presence of DPPH minutes prior to when 
the ascorbic acid reached it. On the other hand, the concentration of 12.5 mg/mL exhibited a delayed 
and lower inhibitory capacity of the presence of DPPH than the previous concentrations, because it 
only reached 50% inhibition of the DPPH radical until 30 min had elapsed after the start of the 
reaction. And last, the concentration of 6.25 mg/mL did not demonstrate good inhibitory activity of 
the presence of the DPPH radical, in that its value at the end of the reaction was 47.2%. 

 
Figure 3. Percentage of inhibition of the presence of DPPH of four concentrations of J. secunda during 90 min of 
the reaction. Each point represents the average of two absorbance measurements (517 nm) substituted in 
Equation (1), as described in Methodology. 

2.4. Assessment of Genoprotective Activity 

The number of micronuclei in mouse peripheral blood during 1 week of treatment with 
anthracene (10 mg/kg) and the methanolic extract of J. secunda leaves (500 mg/kg) and during the 
following week without treatment are presented in Figure 4. The group of mice treated with 
anthracene demonstrated a greater number of erythrocytes with micronuclei compared to the control 
group, and this value increased during the last 2 days, when anthracene was no longer administered. 
On the other hand, the group of mice treated with the J. secunda extract exhibited a number of 
micronuclei similar to that of the group treated with anthracene, and the presence of micronuclei 
significantly decreased only during the last 2 days of week 2, the group being already without the 
administration of the treatments (p <0.05; Two-way repeated measures ANOVA). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 April 2025 doi:10.20944/preprints202504.2239.v1

https://doi.org/10.20944/preprints202504.2239.v1


 5 of 17 

 

 

Figure 4. Genoprotective activity measured as number of micronuclei in peripheral mouse blood. Data expressed 
as mean ± Standard error of the mean (SEM). *p <0.05; comparison of anthracene + J. secunda vs. anthracene. 
Two-way repeated measures ANOVA. 

2.5. Assessment of Hypoglycemic Activity 

When a person suffers from some type of diabetes, it is common to observe a loss in body weight; 
for this reason, in this work the body weight of the mice was also measured during the 36 days that 
the experiment lasted. Figure 5 presents changes in the body weight of mice under different 
treatments. Mice of the control group revealed a significant increase in body weight during the last 2 
weeks of treatment (p <0.05; two-way repeated measures ANOVA). Hyperglycemic (diabetic) mice 
demonstrated a tendency to lose weight from week 1 of treatment and a significant decrease in body 
weight from week 3 of treatment compared with the other groups (p <0.05; Two-way repeated 
measures ANOVA and Student—Newman—Keuls multiple comparisons test). On the other hand, 
in the groups with the administration of methanolic extract of J. secunda leaves and with the same 
extract plus the reference drug acarbose, body weight maintained constant levels throughout the 
treatment (± 30 g). 

 

Figure 5. Changes in the body weight of the mice under different treatments for 36 days (6 weeks). Data are 
expressed as mean ± Standard Error of the Mean (SEM). * Denotes a p <0.05; comparison of diabetic vs. all groups; 
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t denotes a p <0.05, comparison vs. all groups (Two-way repeated measures ANOVA and Student—Newman—
Keuls tests). 

Figure 6 depicts changes in the blood glucose values of mice under different treatments. 
Statistical analysis found significant differences among treatments (p <0.001; Two-way repeated 
measures ANOVA) between weeks and measurement (p <0.001), as well as a significant interaction 
between treatment factor and weeks of measurement (p <0.001). The group of diabetic mice presented 
high glucose values from week 1 of the start of the experiment, reaching values of 500 mg/dL in week 
6 of treatment, while the control group exhibited blood glucose levels oscillating at 100 mg/dL 
throughout the experiment. On the other hand, mice from the diabetic group treated with the 
methanolic extract of J. secunda leaves presented a significant decrease in blood glucose values from 
week 3 of administration (p <0.05; post-hoc Student–Newman–Keuls multiple comparisons test). It is 
noteworthy that during week 3 of treatment, the animals’ glucose levels were equal to those of the 
control group during weeks 3 and 5, but these increased in week 6 of treatment, though the levels 
remained below the levels of the group of diabetic mice. Finally, the co-administration of the 
methanolic extract of J. secunda leaves plus the drug acarbose demonstrated a significant protective 
effect against the effects of Streptozotocin (hyperglycemia) from week 4 of treatment; however, these 
values were above the blood glucose values of the mice in the diabetic group treated with the J. 
secunda extract. Finally, the co-administration of the methanolic extract of J. secunda leaves plus the 
drug acarbose demonstrated a significant protective effect against the effects of Streptozotocin 
(hyperglycemia) from week 4 of treatment; however, these values were above the blood glucose 
values of the mice in the diabetic group treated with the J. secunda extract. 

 

Figure 6. Glucose levels recorded in mice under different treatments for 36 days (6 weeks). Data is expressed as 
mean ± Standard error of the mean (SEM). * denotes a p <0.05; comparison of Diabetic + J. secunda vs. diabetic. t 
denotes a p <0.05; comparison of Diabetic + J. secunda + acarbose vs. Diabetic and diabetic + J. secunda. (Two-way 
repeated measures ANOVA and Student—Newman—Keuls tests). 

2.6. Evaluation of Effect on Blood Triglycerides 

Figure 7 reveals the changes in the blood triglyceride (TG) levels of mice subjected to different 
treatments for 36 days (6 weeks). Statistical analysis found significant differences among treatments 
(p <0.001; Two-way repeated measures ANOVA) between weeks and measurement (p <0.001), as 

t 
t 

t 
* 

* * 
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well as a significant interaction between treatment factor and weeks of measurement (p <0.001). The 
group of control mice presented oscillating values of blood TG, with a tendency to decrease in week 
5 of treatment with respect to its values exhibited in the baseline measurement (week 0). In the group 
treated with Streptozotocin (diabetic), elevated TG values were found from week 1 to a maximal 
value (212.4 mg/dL) in week 6 of treatment, while in the diabetic mice group in which the methanolic 
extract of J. secunda was administered, it was observed that the extract exerted a protective effect 
against the elevation of TG levels caused by STZ throughout the treatment, and even maintained TG 
levels below the values found in the control group during  weeks 2, 3, and 6 of treatment (p <0.05; 
post-hoc multiple comparisons test of Student–Newman–Keuls). Finally, although co-administration 
of the extract plus acarbose in diabetic mice caused a decrease in blood TG levels, these levels 
remained on average above those found in the extract only in diabetic mice. 

 

Figure 7. Triglyceride (TG) levels recorded in mice under different treatments for 36 days (6 weeks). Data is 
expressed as mean ± Standard error of the mean (SEM). * denotes a p <0.05; comparison of Diabetic + J. secunda 
vs. control. t denotes a p <0.05; comparison of Diabetic vs. all treatments from week 2 of administration (Two-
way repeated measures ANOVA and Student—Newman—Keuls tests). 

3. Discussion 

The use of medicinal plants is widespread in Mexico and other Latin-American countries, where 
many sectors of the population utilize this resource due to ease of acquisition, but these persons lack 
knowledge of the scientific information that supports the therapeutic benefits. It is estimated that in 
Mexico, 3,352 plant species are used [41] of a total of 25,000—30,000 species [42,43], which perhaps 
represents 12.7% of the world’s plant species. For these reasons, this work focused on evaluating the 
different pharmacological properties of Justicia secunda Vahl in a chemical model of diabetes in mice. 

With the qualitative phytochemical tests carried out on the methanolic extract of J. secunda, 
alkaloids, tannins, flavonoids, and sterols were detected. Plant secondary metabolites normally form 
part of the defense mechanisms against predators, but it has been found that several of these 
compounds possess various pharmacological and therapeutic properties in humans; for example, 
regarding alkaloids, evidence has been found of their effects in the treatment of diabetes through 
different mechanisms, such as the 1) inhibition of digestive enzymes as alpha amylases [44], 2) 
inhibition of aldose reductase and protein tyrosine phosphatase, 3) increased insulin secretion, 4) 
inhibition of advanced glycation end-products, 5) increase in glucose uptake by extrahepatic tissues 
[45,46], and 6) phosphodiesterase inhibition [47]. 

t 

* * * 
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Regarding antioxidant activity, this property was studied with the in-vitro DPPH test. The 
methanolic extract of the J. secunda leaves (50 mg/mL and 25 mg/mL) demonstrated a total antioxidant 
activity similar to that of the reference chemical compound (2% ascorbic acid), with maximal activity 
occurring in even less time than that of ascorbic acid and maintaining this activity for 90 min of 
reaction time. However, concentrations of 12.5 mg/mL and 6.25 mg/mL exhibited low inhibitory 
activity in the presence of DPPH, which may be related to the presence of the metabolites found in 
the phytochemistry test, because only four secondary metabolites were detected despite having 
carried out more than 30 chemical reactions. Although this test was qualitative, perhaps the amount 
of some of these metabolites was low, and they were only able to exhibit antioxidant activity when 
prepared at the highest concentrations of the extract. In fact, it is known that the other three secondary 
metabolites detected in this work are considered highly antioxidant agents; for example, flavonoids 
that structurally consist of a 15-carbon skeleton and two aromatic rings (A and B) connected by a 
three-carbon chain (C ring) are oxidized by interacting with free radicals, and their OH groups 
stabilize these radicals. These characteristics are associated with their cardioprotective, anticancer, 
and useful effects for the treatment of obesity and diabetes [48]. 

Another of the metabolites detected in the extract of J. secunda and that possesses antioxidant 
activity corresponded to tannins, which are a group of polyphenolic compounds characterized by 
macromolecules and polymers of high-molecular-weight (500–2000Da), which prevent the 
production of free radicals and lipid peroxidation due to the great number of OH groups present in 
its structure [49]. In several studies, these are attributed properties, such as bitter taste, astringent, 
antiparkinson, anti-Alzheimer, antidepressant, anti-inflammatory, antibacterial, anti-apoptotic, and 
anti-aging [50,51]. The last qualitatively detected secondary metabolite corresponded to the group of 
sterols, whose basic structure is that of 1,2-cyclopentaneperhydrophenantrene, and whose molecule 
is derived from isopentenyl pyrophosphate, which is normally part of cell membranes, aiding in the 
maintenance of their fluidity, integrity, and permeability [52]. They are not synthesized in humans 
and are not absorbed in the gastrointestinal tract, which gives rise to a decrease in the intestinal 
absorption of compounds such as cholesterol when they are consumed in the plant diet [53]. 

Considering that the crude extract of J. secunda leaves was obtained in a polar solvent (methanol), 
we assume that it could have contained traces of some non-polar sterol-type metabolites such sterols 
that could have contributed to the antioxidant activity found at the highest concentrations tested in 
the in-vitro DPPH test, something that has also been noted in other works reporting that the sterols 
prevents the redox imbalance that occurs intracellularly by decreasing the production of Reactive 
oxygen species (ROS) [54]. Although in this work antioxidant activity was determined in vitro, the 
confirmation of this effect coincides with that reported in vivo in rats administered a relatively high 
dose of the Justicia tranquebariensis leaf extract (400 mg/kg) [55]. 

In relation to the genoprotective effect evaluated using the micronucleus technique in mouse 
peripheral blood, we were unable to find any work conducted directly with the Justicia genus, 
although there are very extensive works that report many properties of this plant and related species 
of the family Acanthaceae [56]. In this method, we observed the presence of micronuclei in mature 
erythrocytes obtained from the peripheral blood of mice administered the mutagenic agent 
anthracene plus the dry extract of J. secunda leaves, and a weak genoprotective effect was found at 
the end of the experiment. Although the J. secunda extract did not prevent the appearance of 
micronuclei, it prevented their number from increasing in mice treated with the extract compared to 
those treated only with anthracene. 

As noted previously, antioxidant activity in vitro was only observed at high concentrations of 
the extract, whereas in the genoprotective activity test, which was performed in vivo, mice were 
administered a relatively high dose of the crude extract and a weak genoprotective effect was 
observed. Anthracene is a polycyclic aromatic hydrocarbon that does not possess great potency as a 
carcinogen and that exhibits weak mutagenic and genotoxic activity [57]; however, this compound 
was chosen for its relative safety in terms of handling by humans; thus, although the dose was 10 
mg/kg in the mice, it was not capable of inflicting mortality in the experimental batches. Another 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 April 2025 doi:10.20944/preprints202504.2239.v1

https://doi.org/10.20944/preprints202504.2239.v1


 9 of 17 

 

reason for employing anthracene in this in-vivo experiment was to compare with the effect of 
administering the J. secunda extract in mice that were diabetized using streptozocin; this compound 
has several proven mechanisms of action, including causing mutation in the genetic material of cells 
by methylating DNA [58–60]. We think that the dry extract of J. secunda prevented the action 
methylating of anthracene in DNA of erythrocytes from the peripheral blood of mice, especially in 
week 2 of the experiment, although the effect was weak, precisely due to the time of exposure to 
anthracene and to the extract (2 weeks), but sufficient to prevent that number of micronuclei in the 
erythrocytes of mice treated with the extract, to was as high as in those treated with anthracene alone. 
Although we did not determine in-vivo antioxidant activity along with genoprotective activity, there 
is evidence that much of the genoprotective activity or of the inhibition of clastogenicity caused by 
mutagen agents is linked to the antioxidant effect of secondary metabolites from plants [61–63], 
suggesting the possibility that free radicals such as superoxide are linked to genotoxicity [64]. 

The methanolic extract of J. secunda was administered chronically orally for 6 weeks in groups 
of albino mice treated with streptozocin, as described in the Methodology section of this paper. One 
of the most notable aspects in this model was that the hyperglycemic mice lost weight significantly 
from week 3 of treatment, which is a sign that usually occurs in diabetes in humans. Streptozocin 
(STZ) is a compound of the glucosamine-nitrosurea type that is isolated from the Gram-positive 
bacterium Streptomyces achromogenes, employed for the treatment of different types of cancers [65]; 
however, due to its structural resemblance to glucose and the fact that it is recognized by the GLUT 
2 transporters of pancreatic β-cells, it is currently one of the methods utilized to create chemical 
models of diabetes in animals. Once it enters the β-cells, STZ exerts several effects, including acting 
as a producer of free radicals and causing DNA methylation; this gives rise to the necrosis of the 
pancreatic β-cells. In addition, it has been found that a protein called Signal transducer and an 
activator of transcription 3(STAT3) are involved in the death of β-cells and in the subsequent 
hyperglycemia caused by the administration of STZ in mice and rats [59,66]. 

The body-weight loss observed in mice treated with STZ has already been reported in other 
studies and as already mentioned, this may be due to the mechanism of action of STZ in causing 
DNA methylation. However, the latter can also be caused by the effect that STZ exerts on various 
organs, in that it was found that STZ administered to albino rats at a dose of 45 mg/kg, in addition to 
causing the loss of body weight, also gave rise to an increase in the relative weight of the liver and 
kidney of the animals, without an apparent effect on the weight of the pancreas [67]; we think that 
these effects would be the result of the need generated by the requirement of energy sources of these 
organs, as they are not receiving energy from glucose when the β-cells of the endocrine pancreas die. 
In these studies, various plant extracts were also administered that caused an improvement in the 
body weight of STZ-treated animals, including one in which the methanolic extract of Justicia adhatoda 
leaves was administered to BALB/c male mice, and results similar to those presented in this study 
were reported: the extract prevented the weight loss caused by STZ; moreover, in this work the 
authors administered different doses of the extract (up to 400 mg/kg), while our team administered 
500 mg/kg without finding toxicity in the mice. It is worth noting that in that study, among other 
metabolites, sterols such as β-sitosterol were also detected [68]. 

We found that the methanolic extract of J. secunda leaves exerted a hypoglycemic and 
hypotriglyceridemic effect in mice treated with diabetes from week 3 of treatment. As mentioned in 
previous sections, there are few studies on the Justicia plant, although at least one study has already 
been mentioned with results like those reported herein [e.g., 68]. In the bibliographic search carried 
out on the study of this plant, although around 400—600 species of Justicia have been identified 
worldwide [69], only certain works were found in which the different effects and activities of some 
species of the genus Justicia are reported. There are reports of its activity on the central nervous 
system of some species of Justicia; for example, anxiolytic effects of J. gendarussa have been described 
[70], and also for Justicia spicigera [71], and anticonvulsant activity in Justicia extensa [72], as well as 
activity in peripheral organs and tissues, such as the cytotoxic activity of the species Justicia betonica, 
and Justicia vahlii [73,74], anti-inflammatory effects in Justicia adhatoda [75] and, of course, antioxidant 
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activity in several species including J. adhatoda, J. gendarussa, and J. secunda [76–79]. In previous 
paragraphs it was mentioned that there are few reports on the toxicity of the J. secunda plant, and that 
some works found that the LD50 was above 3,800—5,000 mg/kg in rats [80,81]. Therefore, we think 
that the effects found on the glucose and triglyceride levels are in fact due to the secondary 
metabolites present in this species. These effects could be explained considering the antioxidant, 
antigenotoxic, and protective contribution against weight loss of all of the metabolites contained in 
the dry extract of J. secunda, and by means of that, these avoided the hyperglycemic effect caused by 
the mechanism of action of STZ. The latter would also be added the contribution of some non-polar 
metabolites of the steroid type, such as metabolites of a non-polar nature, such as sterols, that could 
contribute to these properties. In fact, studies are being carried out in our laboratory with non-polar 
extracts of J. secunda to try to verify this, because this metabolites could add to the effects described 
here and also contribute to the properties promoting the decrease in blood triglycerides through the 
modulation of processes such as hepatic lipid metabolism, the presence of proinflammatory markers, 
and oxidative stress [82,83]. 

It is noteworthy that the methanolic extract of J. secunda, in addition to the hypoglycemic effect 
exhibited, also exerted a marked hypotriglyceridemic effect. This could be related to the 
hepatoprotective activity of this species, which has been reported in other works, and it could 
contribute to better lipid use by the liver of hyperglycemic mice [84,85]. But in this sense, it should be 
noted that during several weeks of treatment, the TG levels were found to be even below the levels 
of those of the control group of mice, something that in the long term might not be so beneficial for 
individuals and that still needs to be analyzed in more detail. On the other hand, in addition to the 
antioxidant and genoprotective properties of the administered extract, we sought to explore some 
possible mechanism of action by which this species promoted these effects, in that there are some 
reports that several plants used in the treatment of diabetes possess additional mechanisms of action 
to those already mentioned in this work: for example, inhibition of the activity of intestinal brush-
border enzymes such as α-glucosidase, which ultimately would promote a delay in the absorption of 
glucose ingested in food into the intestine and would contribute to preventing blood glucose levels 
from rising and stimulate glucose uptake in the target tissues of insulin, in addition to the liver [30,86]. 
We administered acarbose plus J. secunda extract to another group of mice previously treated with 
STZ with the idea that if the secondary metabolites contained in the methanolic extract of Justicia 
secunda can also inhibit intestinal α-glucosidase, then a synergistic effect would be seen by the extract 
plus the effect of this reference drug and blood glucose levels (and perhaps those of triglyceride) 
would decrease more than in the group of hyperglycemic mice treated only with the extract. 
However, although a decrease in glucose and triglyceride levels was observed in this group, this 
decrease was not similar to that caused by the extract alone, that is, we confirm what has been found 
in other works [87], but perhaps the dose of acarbose administered (300 mg/kg) was not sufficient to 
express the expected synergy. 

Finally, in addition to the effects that we found for the methanolic extract of J. secunda leaves, 
this work is relevant because herein we explored the effects of chronic oral administration with a 
relatively high dose (500 mg/kg) during 6 weeks on the physiological parameters that are affected 
during diabetes, while in several works acute evaluations were only carried out with durations 
ranging from 2 h to 1 week of administration. This is important if we consider that in Mexican 
communities where these species are consumed in the form of infusions, intake take place on a daily 
basis while the patient remains fasting. That is, the consumption scheme of many of these plants in 
herbal Traditional Medicine was imitated and no toxic effects were found in the mice. All of this could 
encourage the inhabitants of these low-income communities to choose to attempt to cultivate this 
species not only for ethnomedical use, as has already been pointed out in other works that have 
utilized Justicia as an object-of-study [88–90].  

4. Materials and Methods 
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4.1. Acquisition of the Plant Species and Processing in the Laboratory 

Justicia secunda Vahl leaves were obtained at an accredited commercial establishment located in 
Cuemánco in the Xochimilco municipality of Mexico City, and these were taken to the Hormones and 
Behavior Laboratory of the Department of Physiology of the National School of Biological Sciences 
to complete their environmental drying for 1 week. The material was then crushed and macerated in 
methanol for 1 week. The macerate was subjected to reduced pressure distillation (Rotavaporator 
Prendo© Model 1750; Prendo, Puebla, México) to remove the methanol; the distillate was left to air-
dry for 1 week to obtain the dry, crude combined extract of the leaves and stems. 

Solubility tests were performed to select the solvent to produce a stock suspension of this crude 
extract at 50 mg/mL, and it was found that the best solvent for resuspending the crude extract for 
intragastric administration in mice was distilled water. 

4.2. Chemicals Used in the Experiments 

The chemicals 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and Streptozocin (STZ) were purchased 
from Sigma-Aldrich (Massachusettes, USA). Giemsa dye was purchased from Hycel (México City, 
México). Methanol was purchased from Golden Bell Co. (Mexico City, Mexico). 

4.3. Animals in Laboratory Settings 

Male Swiss albino mice (weighing 25–30 g each) of the NIH strain were used. They were 
obtained from the official supplier of the National School of Biological Sciences (ENCB) of the 
National Polytechnic Institute (IPN) and housed in the animal chamber of the ENCB Department of 
Physiology, Zacatenco Campus, for acclimatization in communal acrylic cages (48 cm long x 22 cm 
wide x 20 cm high), with water and food ad libitum and a light—dark cycle of 12:00 (lights on at 08:00), 
as well as a room temperature of 22 ± 2°C and under standard humidity conditions. The animals were 
handled and subjected to experimentation according to Mexican standards (NOM-033-ZOO-1995, 
NOM-062-ZOO-1999, and NOM-087-ECOL-1995). In addition, all experiments were approved by the 
Research Ethics Committee of the National School of Biological Sciences (ZOO-005-2022). 

4.4. Qualitative Phytochemical Analysis 

Samples of the crude extract of the leaves of J. secunda were taken and subjected to the various 
qualitative chemical reactions, as described in other works [91] to determine secondary metabolites, 
mainly of a polar nature, which were identified by changes in coloration, the formation of 
precipitates, foaming, etc. 

4.5. Spectroscopic Analysis 

Fractions of the dry extract of J. secunda were taken and stored in vials for a series of general 
spectroscopic analyses. The samples were analyzed at the Center of Nanosciences and Micro and 
Nanotechnologies of the National Polytechnic Institute (Mexico City, México), and the Fourier 
transform infrared analysis (FT-IR) technique was applied, with an Espertoi Lambda Series 5000 
device and with a wavelength between 500 and 4500 nm was used. 

4.6. Evaluation of In Vitro Antioxidant Activity 

Four concentrations of the crude extract of J. secunda (50, 25, 21.5, and 6.25 mg/mL) were 
prepared in methanol to determine its antioxidant activity utilizing the in-vitro method of DPPH (2,2-
Diphenyl-1-picrylhydrazyl) as described in other works [92,93]. A solution of 0.01 g of DPPH in 25 
mL of methanol was prepared. This method was performed on a UV-VIS spectrophotometer (Velab©, 
VE-5100UV; Velaquin, Mexico City, Mexico); quartz cells containing 1,850 μL of methanol, 140 μL of 
DPPH free radical, and 10 μL of some of the concentrations of the crude extract diluted in methanol 
were prepared, and the absorbance of each solution was measured at 517 nm. The absorbance value 
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was recorded at 0 (without extract sample) and at 1, 5, 15, 20, 30, and 60 min. These readings were 
taken in duplicate for each time, and the average value of each absorbance was substituted in 
Equation (1) to calculate the % of inhibition in the presence of DPPH as follows: 

%DPPH inhibition = (Absmt=0 – Absmt =n / Absmt=0) x 100 (1)

where: Absmt = 0 = sample absorbance at zero time (without extract). Absmt = n = sample absorbance 
at “n” time (with extract). 

The percentage data were plotted for each concentration of the extract and compared against the 
% of inhibition in the presence of DPPH obtained for a reference solution (2% ascorbic acid). 

4.7. Assessment of Genoprotective Activity 

Three groups of male Swiss albino mice were formed and housed in three cages (35 cm long x 
25 cm wide x 12 cm high), each containing six mice. Each group received one of the following 
treatments: (i) Control: administration of vehicle (mineral oil intragastrically [i.g.]) every other day 
for 1 week, taking a blood smear every other day for 2 weeks; (ii) anthracene (10 mg/kg, i.g.), 
administration of anthracene dissolved in mineral oil, every other day for 1 week, and with a blood 
smear every other day for 2 weeks, and (iii) anthracene + J. secunda (500 mg/kg, i.g.), administration 
of anthracene plus J. secunda extract every other day for 1 week and with a blood smear every other 
day for 2 weeks. All blood smears were fixed in methanol (6 min) and colored with Giemsa (40 min) 
to be evaluated using the micronucleus detection technique in mouse peripheral blood [43] and to be 
analyzed under the optical microscope (VE-M5; VELAB©, México City, México) with 100X 
magnification (immersion). 

4.8. Assessment of Hypoglycemic Activity 

Four groups of male Swiss albino mice were formed and housed in four cages (35 cm long x 25 
cm wide x 12 cm high), each containing six mice. Each group received one of the following treatments: 
(i) Control mice were administered i.g. with the plant extract dissolution vehicle every other day 
(saline, 0.9%; vol = weight/1,000); each week, blood glucose was measured with a commercial device 
(Optium FreeStyle©; Abbott, Boston, MA, USA), making a small cut in the distal part of the mouse’s 
tail to drain one drop of blood (prior fasting <12 h), during 36 days; (ii) Diabetic mice were 
administered a single intraperitoneal dose (i.p.) of Streptozotocin (STZ; 120 mg/kg, dissolved in 
citrate buffer). After 1 week of administration, blood glucose was measured with a commercial device 
(Optium FreeStyle©). A mouse was considered diabetic (hyperglycemic) when its blood glucose levels 
reached 150 mg/dL or higher. These animals were administered i.g. every other day with a vehicle 
and with a weekly measurement of glucose (prior fasting <12 h), during 36 days; (iii) Diabetic + J. 
secunda extract (500 mg/kg, i.g.), mice administered i.g. every other day with the methanolic extract 
of Justicia secunda (500 mg/kg) and with a weekly glucose measurement (prior fasting <12 h), during 
for 36 days, and (iv) Diabetic + J. secunda (500 mg/kg) + acarbose (300 mg/kg), mice administered i.g. 
every other day with the methanolic extract of Justicia secunda (500 mg/kg) plus the drug acarbose 
(300 mg/kg) and with a weekly glucose measurement (prior fasting <12 h), during for 36 days. 
Additionally, each week, body weight was measured using a granatary balance, as were triglyceride 
levels (with a commercial device (Accutrent; Roche Laboratory). 

4.9. Statistical Analyisis 

The data obtained in the experiments of genoprotective activity, body weight, hypoglycemic 
effect, and triglyceride levels were analyzed with SigmaStat ver. 12.0 statistical software, utilizing the 
repeated measures Two-way ANOVA and the Student–Newman–Keuls post-hoc tests to determine 
significant differences among the different groups. In all cases, a level of α = 0.05 was employed as 
the criterion for establishing statistically significant differences. 
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5. Conclusions 

This work focused on the study of a plant, Justicia secunda Vahl, which is used frequently in 
many Latin-American countries including Mexico, emphasizing the chronic and long-term 
administration of a high oral dose (500 mg/kg) without finding toxic effects. Therapeutic properties 
such as antioxidant activity, protection against weight loss, a hypotriglyceridemic effect, and 
hypoglycemic activity were found in diabetic mice. All of these properties could be mediated by the 
presence of the secondary metabolites detected in the fractions of the methanolic extract. The 
alkaloids, flavonoids, and tannins provided the extract with the ability to reduce the DPPH radical 
and act as an antioxidant chemical cocktail that, could confer the therapeutic properties detected to 
oppose the diabetogenic mechanism of action of Streptozotocin. Furthermore, a mechanism of action 
similar to that of the inhibition of intestinal α-glucosidases, could also be participating in these 
therapeutic actions. 

We propose that Justicia secunda continues to be a good candidate for the alternative treatment 
of diabetes, without relegating conventional allopathic treatment to one side. 
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