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ABSTRACT: Ulcerative colitis is a chronic inflammatory bowel disease with an unknown cause. It is characterized by 
damage to the colonic mucosa, which often results in symptoms such as diarrhea, abdominal pain, and weight loss, 
ultimately leading to a reduced quality of life. Treatment aims to control inflammation, reduce symptoms, and minimize 
fluid and nutrient losses. Currently, there is no known cure for ulcerative colitis. The study was carried out to investigate 
the anti-inflammatory potential of the hydroalcoholic extract (HAE) and the butanolic fraction (FB) from Agave 
brittoniana subsp. brachypus (Trel.) on acetic acid-induced colitis in rats. Ulcerative colitis was induced in Sprague Dawley 
rats using 2.5% acetic acid. Three dose levels for both HAE (150-300-600 mg/kg) and BF (25-50-100 mg/kg) were 
evaluated. The study recorded the variation of body weight, macroscopic and microscopic colonic damage index, and 
colonic myeloperoxidase.  Body weight loss was lower in all treated groups compared to the untreated group. Similarly, 
there were fewer signs of necrosis and tissue damage in the colon in the groups treated with HAE and BF. Agave 
brittoniana T exhibited an effective anti-inflammatory effect in an experimental model of ulcerative colitis, indicating its 
potential as a natural treatment for the condition. 
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1.  INTRODUCTION 

Ulcerative colitis (UC) is a chronic and recurrent inflammatory process that affects the mucosa and 
colorectal submucosa, with diffuse and continuous distribution. It causes diarrhea with blood, abdominal 
pain, and sometimes fever. Patients with UC have an increased risk of developing colorectal cancer, which is 
the second leading cause of cancer-related deaths worldwide. Individuals with this disease experience a 
diminished quality of life as a result of its chronic nature and the lack of a curative treatment. [1, 2]. This has 
made it necessary to search for natural treatment alternatives. 

The genus Agave L (Asparagaceae) consists of about 250 species can grow primarily in the arid and 
semiarid regions [3]. Its distribution is extends from the southern United States to Colombia and Venezuela 
including the Caribbean islands [4, 5]. Nearly 84% of agave species are endemic to Mexico, with the United 
States, Cuba, and Guatemala also having a significant number of agave taxa in the area [6, 7]. About 14-16 
species are found in Cuba, with a high level of endemism (60%) [8]. Agaves are now widespread in South 
Africa, the Mediterranean basin, Indonesia, the Philippines, and other semiarid regions around the world 
[9]. 

For centuries, this genus has been used for food, fibres, beverages, and ornamentals [10, 11]. 
Additionally, agave species have historically been used in indigenous medicine to treat anti-inflammatory 
processes, arthritis, and fever [12, 13]. Screening the phytochemical composition of this genus has identified 
many species as potential sources of drugs for treating cancer, diabetes, and obesity [14-16]. Furthermore, 
many agave species contain steroidal saponins in their secondary metabolites. Depending on their structure, 
these saponins can have various pharmacological effects, including anti-inflammatory properties. [17, 18]. 
Previous studies have demonstrated the anti-inflammatory activity of various species of agave, including 
Agave angustifolia [19], Agave americana [20] and Agave sisalana [21]. 
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In Cuba, research has primarily focused on certain agave species with significant pharmaceutical 
importance. One such species is the endemic Agave brittoniana subsp. brachypus, found in the central region, 
which was first described by William Trelease in 1913 [22] and later by Álvarez de Zayas in 1995 [23].  

Agave brittoniana subsp. brachypus (Trel.) is known for its high content of steroidal saponins [24, 25]. Its 
composition also includes metabolites such as waxes, long-chain aliphatic alcohols, and 
fructooligosaccharides [26]. The plant's phytochemical composition suggests potential for treating UC and 
preventing its main complication, cancer [27]. However, there is currently no referenced preclinical research 
to support this use, so further pharmacological studies are necessary. Therefore, we propose to evaluate the 
anti-inflammatory activity of hydroalcoholic and butanolic extracts of Agave brittoniana subsp. brachypus 
(Trel.) in a model of acute experimental UC induced by acetic acid in rats. 

2. RESULTS AND DISCUSSION  

In the study, the aqueous suspension of the hydroalcoholic extract (HAE) was administered to the 
respective groups at doses of 150, 300 and 600 mg/kg bw, based on preclinical studies with similar natural 
preparations [28, 29] and other previous unpublished studies. The butanolic fraction (BF) was administered 
at doses of 25, 50, and 100 mg/kg of weight, based on previous anti-inflammatory evaluation studies 
conducted with this species [30]. The results were compared between the group treated with prednisolone 
(10 mg/kg) and the untreated group (with and without induction of UC by acetic acid). 

2.1. Body Weight Variation 

To analyse the variation in body weight at the end of the 48-hour study, we conducted a one-way 
ANOVA test. The WTC group, which did not receive any treatment, experienced a net loss in body weight. 
In the groups with acetic acid-induced colitis, a lower weight increase was observed compared to the healthy 
group (p < 0.05), except for the group treated with a 25 mg/kg dose of BF, which ended the study with a 
body weight similar to the healthy group. 

 
Figure 1. Body weight variation (BWV). The bars represent the limits with 95 % confidence. Healthy: Control Group, 

WTC: Without Treatment Control, Pred: Prednisolone group, HAE: Hidroalcoholic Extract, BF: Butanolic 
Fraction 

The factors responsible for stimulating and maintaining colitis include enhanced vasopermeability, 
extended neutrophil infiltration, and elevated levels of inflammatory mediators in the intestinal mucosa [2]. 
In acetic acid-induced colitis, weight loss results from intestinal inflammation and subsequent water loss 
[32]. Ghobadi et al. [33] reported similar results to those obtained in the present investigation.  They observed 
a significant decrease in body weight of acetic acid-induced colitis after 72 hours, even in treated groups.  
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2.2. Macroscopic characterization 

To characterize the macroscopic features of the rat intestine, the macro Colonic Damage Index (CDI) 
was used to quantify the extent and severity of colonic damage. The mean IDC values for each group were 
compared to the controls using the non-parametric Mann Whitney test. (table 1). 

Table 1. Macroscopic Colonic Damage Index.  

GROUPS  CDI  p1 p2 
HAE 150  8.33± 1.86  < 0.05 > 0.05 
HAE 300  6.6 ± 2.70 < 0.05 > 0.05 
HAE 600  3.40 ± 1.95  > 0.05 < 0.05 
BF 25  5.33 ± 0.58  < 0.05 < 0.05 
BF 50  2.00 ± 0.82 > 0.05 < 0.05 
BF 100  5.5 ± 0.71  < 0.05 < 0.05 
Pred  8.5 ± 3.00 < 0.05 > 0.05 
WTC 9.33 ± 1.21  < 0.05 - 
Healthy 0.17 ± 0.41  - < 0.05 

p1 vs Healthy group, p2 vs WTC group. CDI: Colonic Damage Index HAE: Hidroalcoholic Extract, BF: Butanolic Fraction. Pred: 
Prednisolone group. WTC: Without Treatment Control. Healthy: Control Group. The results are expressed as the Mean ± SD. 

The analysis of the results indicates that the highest dose of HAE and the mean dose of BF have a 
significantly lower CDI than the WTC group, similar to the Healthy group. The doses of 25 and 100 mg/kg 
of BF reached a CDI significantly lower than the WTC group, although a CDI similar to the Healthy group 
was not achieved with these doses. The groups receiving 150 and 300 mg/kg HAE and prednisolone showed 
similar behaviour to the WTC group. (p> 0.05). 

The WTC group showed a predominance of more than one area of ulceration or a large ulcer that 
caused graduations between 7 and 10. In the HAE group, smaller ulcers and damaged regions (graduations 
between 0 and 4) were observed with 600 mg/kg and BF 50 mg/kg. Graduations between 5 and 10 were 
observed in the groups of 150 and 300 mg/kg of the HAE, 25 and 100 mg/kg of BF, and prednisolone. 

The figures presented in Figure 1 illustrate the observations made in the experimental groups. 

 
Figure 2. Colon Fragments: A) Healthy colon with normal mucosa, without erythema, inflammation or ulceration. B) 

WTC colon shows an extensive zone of ulceration with mucosal necrosis, graded at 10. C) Prednisolone colon 
exhibits areas of hemorrhage and tissue inflammation, graded at 4. D) HAE 150 mg/kg resulted in an 
extensive area of ulceration accompanied by inflammation, with a graduation of 7. E) HAE 300 mg/kg 
resulted in a zone of necrosis and ulceration accompanied by inflammation, with a graduation of 5. F) HAE 
600 mg/kg resulted in a zone of bleeding without ulceration, with a graduation of 2. G) FB 25 mg/kg resulted 
in an area of necrosis and ulceration accompanied by inflammation, with a graduation of 5. H) FB 50 mg/kg 
resulted in a slightly thickened area with signs of hemorrhage, with a graduation of 2. I) FB 100 mg/kg 
resulted in an ulcer over 1 cm, with a graduation of 5. 

Table 2 shows the percentages of macroscopic damage inhibition. The groups treated with agave 
exhibited higher inhibition percentages than the positive control, prednisolone, used in our study. The 
highest inhibition percentage was observed with doses of 600 mg/kg of HAE and 50 mg/kg of BF. 
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Table 2.  Inhibition Percentage (IP) of macroscopic damage. 

Groups Pred HAE 150 HAE300 HAE600 BF 25 BF50 BF100 

 
IP 8.93 10.71 29.29 63.57 42.86 78.57 41.07 

Pred: Prednisolone group, HAE: Hidroalcoholic Extract, BF: Butanolic Fraction. 

The obtained results align with those of other authors who have noted that diluted acetic acid acts as a 
suitable local chemical irritant, causing lesions and ulcerations of the colonic tissue of rats [32]. Furthermore, 
several authors have established the efficacy of plants in ameliorating ulcerative damage caused by acetic 
acid. Sorbus domestica and Momordica charantia possess anti-inflammatory and antioxidant properties that 
inhibit inflammatory mediators in acute experimental colitis [34,35]. Mannasaheb et al. [36] demonstrated the 
protective effect of Agave americana against acetic acid-induced colitis in rats. The groups treated with agave 
showed an intact intestinal mucosa, along with regeneration of intestinal epithelial cells, providing a 
protective effect.  

On the other hand, saponins from other species also have great antiulcer potencial. Pulsatilla chinensis 
saponins showed a high anti-inflammatory effect in the DSS model of ulcerative colitis [37, 38]. Some studies 
have reported the efficacy of Codonopsis steroidal saponins in various models of ulcerative colitis [39, 40].  

Steroidal saponins and sapogenins are able to act directly on pro-inflammatory cytokines mainly 
through the Nf-κB, TLR4 and MAPKs pathways [41,42]. For instance, convallatoxin, can inhibit the 
expression of inflammatory factors by increasing the expression of PPARγ, thereby reducing colonic mucosal 
inflammation and improving experimental colitis [43].  

Histological damage was assessed by estimating leukocyte infiltration, fibrosis, neutrophil 
marginalization to the submucosa, edema in the submucosa, epithelial necrosis, and epithelial ulceration. 
Table 3 shows the average results of each indicator according to Millar et al. [44].  

Table 3. Microscopic colonic damage  

Group ELI  LILP  LIMM  LISM  LIMLP  SLI  MF  SMF  SMNM  SME  EN  EU  
HAE150  1.5  0  0  2  1  0  0  0  0  0  0  0  
HAE300  1  0  0  2  0  0  0  0  0  0  1  0  
HAE600  0  0  0  0.25  0  0  0.12  0.12  0.12  0.12  0  0  
BF25  1  0  0  1  1  0  0  0  0  0  0  0  
BF50  1  0  2  0.67  0.67  0  0  0  0.33  0.67  0.67  0  
BF100  1  0  0  1.6  0.4  0  0.2  0.2  0  1  0.75  0  
Pred  1.8  2  0  2  0  0  0.6  0.4  1  1.6  1  1  
WTC 2  2  2  2  2  0  2  1  1  2  2  1  
Healthy 0 0 0 0 0 0 0 0 0 0 0 0 

ELI: Epithelial Leukocyte Infiltration, LILP: Leukocyte Infiltration in the Lamina Propia, LIMM: Leukocyte Infiltration in the Muscle 
Mucose, LISM: Leukocyte Infiltration in the Submucosa, LIMLP: Leukocyte Infiltration in the Muscularis Lamina Propia SLI: Serous 
Leukocyte Infiltration, MF: Mucosal Fibrosis, SMF: Submucosal Fibrosis, SMNM: Submucosal Neutrophil Margination, SME: 
Submucosal Edema, EN: Epithelial Necrosis, EU: Epithelial Ulceration. 

The microscopic analysis revealed that the WTC group exhibited tissue damage consistent with an 
inflammatory process, including severe leukocyte infiltration, fibrosis, and cases of necrosis and epithelial 
ulceration. In contrast, no microscopic damage was observed in the healthy control group. Similar to other 
UC models induced by TNBS, early-stage damage is characterized by discrete foci of necrosis and 
inflammation [45]. 

Most of the plant products tested at different doses reduced leukocyte infiltration in the lamina 
propria and muscle mucosa to 0, as well as epithelial ulceration, compared to the WTC group.  Table 4 
summarises the microscopic damage index values for each experimental group, determined according to the 
criteria of Millar et al. criteria [44]. 
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Table 4. Microscopic colonic damage index.  

GROUPS  CDI (MEDIA ± DS)  p1 p2 
HAE 150  4.5 ± 2.12 < 0.05 < 0.05 
HAE 300  4.00± 2.57 < 0.05 < 0.05 
HAE 600  6.00 ± 2.27 < 0.05 < 0.05 
BF 25  6.00 ± 0.93 < 0.05 < 0.05 
BF 50  4.83 ± 2.6 < 0.05 < 0.05 
BF 100  4.8 ± 0.45  < 0.05 < 0.05 
Pred  11.00± 1.22 < 0.05 - 
WTC  18.7 ± 0.55  - < 0.05 

p1 vs WTC: Without Treatment Control group, p2 vs Pred: Prednisolone group. HAE: Hidroalcoholic Extract, BF: Butanolic Fraction. 
Pred: Prednisolone group. WTC: Without Treatment Control. The results are expressed as the Mean ± SD.  
 

The groups treated with A. brittoniana extract had significantly lower microscopic CDI levels 
compared to the WTC and prednisolone groups. Figure 2 displays colon fragments from the experimental 
groups and their corresponding microscopic findings. 
 

   

   

   

Figure 3.  Images of 10x colon samples. A: Healthy, tissue is observed without damage. B: WTC group, cryptitis, microabscesses and 
dysplasia are observed. C: Prednisolone group. Fibrosis, ulceration and focal edema are observed. D) HAE 150 mg / kg: 
Leukocyte infiltration in submucosa and loss of epithelium. E) HAE 300 mg / kg. Leukocyte infiltration in submucosa and 
epithelial necrosis F) HAE 600 mg / kg: no tissue damage is observed. G) FB 25 mg / kg: Leukocyte infiltration in the 
submucosa and the muscular ones, with conserved epithelium. H) FB 50 mg / kg: Leukocyte infiltration in the submucosa 
and the muscularis propria and neutrophil margination I) FB 100 mg / kg: Leukocyte infiltration and edema in the 
submucosa. 

A                                                          B                                                             C 

D                                                         E                                                             F 

G                                                          H                                                             I 
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UC is a condition that causes inflammation in the large intestine's mucosa, primarily affecting the 
colon's distal region (rectum-anus). The inflammatory process can cause the lesion to progressively extend 
continuously, altering the superficial layers of the intestinal mucosa and submucosa, resulting in a granular 
appearance. The lamina propia shows necrosis of the epithelium, edema, and infiltration of inflammatory 
cells, including neutrophils and eosinophils. [45, 46].  

The literature reports that the WTC group exhibited clear signs of inflammation and necrosis in 
colonic tissue. Treatment with the plant reduced the damage, likely due to the anti-inflammatory activity of 
the saponins in the species and the healing effect of its plant fibre [19, 30, 47]. The steroidal saponins could 
modulate the action of pro-inflammatory cytokines and macrophages, thereby reducing inflammation of the 
colonic mucosa [41]. According to the role of intestinal microbiota, vegetable fibre may also contribute to the 
anti-inflammatory effect on colonic mucosa. Short-chain fatty acids resulting from intestinal microbiota 
metabolism have an anti-inflammatory effect by controlling the production of T helper cells, antibodies, and 
cytokines [48]. 

2.3. Determination of the myeloperoxidase (MPO) activity  

The results of the MPO activity demonstrate the usefulness of this biomarker in evaluating the 
recovery or inhibition of tissue damage in UC. The graph below illustrates the behaviour of this parameter in 
each experimental group. 

 
 Figure 4. Colonic myeloperoxidase activity. The bars represent the means with the standard deviations. 
 
A one-way ANOVA analysis was conducted to assess the activity of intestinal MPO, which revealed 

highly significant differences between the groups (p < 0.05). The parameter showed values higher than the 
healthy control in all groups exposed to the agent inducing colitis. These results are consistent with those of 
other authors who have found the sensitivity of MPO in different models of acute UC [49,50]. The Bonferroni 
post hoc test revealed that the MPO activity values of all agave groups were lower than the untreated colitis 
group. Additionally, the results indicated that the MPO activity in all agave groups was lower than that of 
the prednisolone group. The observed behaviour may be attributed to the steroidal saponins found in the 
extracts. Previous studies using saponin-rich extracts of A. brittoniana have shown significant anti-
inflammatory effects in both acute and chronic inflammation models. [30, 47]. 

Table 5 displays the percentage of MPO activity inhibition in the treated groups compared to the 
untreated colitis group. All three doses of the agave products tested exhibited a higher percentage of 
inhibition than the prednisolone control group. 

Table 5. Percentage of inhibition of the activity of the MPO  

Groups Pred. HAE150 HAE300 HAE600 BF25 BF50 BF100 

MPO  7.72  69.71  50.24  68.32  61.30  82.86  71.52  
Pred: Prednisolone group. HAE: Hidroalcoholic Extract, BF: Butanolic Fraction. 
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MPO is a biomarker of oxidative damage and a leukocyte infiltration indicator in injured tissue. In an 
experimental model of UC, Yuan et al. [51] demonstrated that a preparation of Chinese medicinal plants with 
anti-inflammatory and antioxidant effects reduced plasma MPO levels and improved the inflammatory 
states of colonic mucosa. 

All groups of agave demonstrated effectiveness in treating acetic acid-induced colitis, as evidenced by 
regression in most of the evaluated indicators. The best results, however, were achieved with doses of 600 
mg/kg HAE and 50 mg/kg BF. The anti-inflammatory effect of the substance may be attributed to the 
presence of steroidal saponins and vegetable fibre, which may have a healing effect on the ulcerated colon. 

3. CONCLUSION  

As previously mentioned, the steroidal saponins from A. brittoniana, present in both the 
hydroalcoholic and butanolic extracts, may contribute to the protective effect on the intestinal mucosa. These 
metabolites have the potential to modulate inflammatory cytokines. On the other hand, vegetable fibres, 
which are also present in this species, have a cytoprotective effect due to their trophic role in the intestinal 
microbiota, preventing ulceration and cell damage. Both saponins and vegetable fibres have the potential to 
ameliorate the inflammatory state and the injury caused by acetic acid in this UC model. For the first time, 
the potential of this species in treating UC is demonstrated. Further studies are necessary to assess the 
contribution of metabolites and propose an anti-colitis pharmaceutical agent from this agave species.   

4. MATERIALS AND METHODS 

4.1. Plant material  

The plant specimens were collected from the protected area of Cubanacán, which is adjacent to the 
city of Santa Clara. To identify the specimens, they were compared with samples from the herbarium of the 
Central University 'Marta Abreu' of Las Villas, identified under the serial number HPVC # 5445. 
 

4.2. Preparation of extracts from A. brittoniana subsp. brachypus 

The process of drying and grinding followed the previous work with this species.  Subsequently, 300 g 
of the dried leaf powder underwent maceration with 1 L of 70% ethanol in the dark. This process was 
repeated every other day for seven days until the mixture was completely decolorized. The hydroalcoholic 
extract was obtained and then rotoevaporated using an IKA® RV 10 basic rotoevaporator at 40°C and steam 
pressure until a pasty mixture containing the crude metabolites was obtained. The resulting mixture was 
then dried completely in an oven at 40°C. The dried hydroalcoholic extract (10 g) was resuspended in water 
and placed in a separatory funnel. Saturated n-butanol was added and the mixture was left for 24 hours. The 
presence of saponins was confirmed using the foam test. The organic phase was then rotoevaporated until 
completely dry. 

4.3. Experimental Design 

The Animal Ethics Committee of the Experimental Toxicology Unit belonging to the Medical College 
of Villa Clara approved the experimental protocol, in accordance with the Principles of Laboratory Animal 
Care [52] and the Decree-Law N031 on Animal Welfare of the Republic of Cuba [53]. The rodents used in the 
experiment were purchased from the National Centre for Laboratory Animal Production. (Havana, Cuba).  

Rats were randomly allocated into nine groups (n=6) including healthy group, WTC group, 
prednisolone-treated group (10 mg/kg; v.o), HAE-treated groups (150-300-600 mg/kg v.o) and BF- treated 
groups (25-50-100 mg/kg; v.o). Animals were fasted for 18 h and anaesthetised with ether, and a single 
intracolonic dose of 1 mL of 2.5% acetic acid (Unichem) was administered to induce UC [40]. Before the rectal 
application of the irritant, the area corresponding to 8.0 cm of rectum was washed with 0.9 % SSF, which 
coincides with the place of application. The acetic acid was removed with 0.9% SSF within 60 seconds of 
contact with the mucosa. To avoid any mechanical damage, a cannula was introduced using a hydrophilic 
lubricant (QUIMEFA) after instillation. All groups, including the WTC group, underwent the same 
procedure to eliminate bias due to the use of the moisturizing gel. Water was administered to the WTC and 
healthy groups. Only 0.9% SSF was administered to the healthy group, using the same route of 
administration to induce UC.  

The substances were orally administered every 24 hours following instillation of acetic acid. Oral 
administration was carried out using an oesophageal tube at a volume of 5 mL/kg. 
The animals were weighed at the beginning of the test and before being slaughtered 48 hours after acetic 
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acid induction [54, 55]. After sacrifice, colonic tissue samples were taken for weighing, biochemical 
determinations, and macroscopic and microscopic analysis. 

4.4. Macroscopic characterization  

Following the sacrifice of the rats, a 10 cm sample of damaged colon was aseptically extracted from 
each animal. The samples were then cleaned with saline and placed on ice. 

The extent and severity of colonic damage were assessed macroscopically by two observers using a 
scale of 0 to 10 proposed by Bell [56]. The macroscopic colonic damage index for the group was determined 
by calculating the mean value given by the observers for each animal. 

4.5. Microscopic characterization 

Colon samples measuring 0.5 cm in length were analysed from the area adjacent to the largest 
macroscopic damage. The colonic tissue was fixed in a buffered solution of formaldehyde (4 % in phosphate 
buffer, pH 7.2) for three days. Afterward, 3-5 µm thick, were cut using a microtome and stained with 
haematoxylin-eosin for evaluation under light microscopy. The sections were assessed by two pathologists 
based on the criteria established by Millar et al. [44]. 

The formula used to evaluate the percentage inhibition of macro- and micro-colonic damage was as 
follows: % Inhibition CD = (CDIc -CDIt)/CDIc * 100 

CD: Colonic damage 
CDIc: Colonic damage Index (macro o micro) control group 
CDIt: Colonic damage Index (macro o micro) treated group 
The study determined the colonic damage index for all parameters assessed in each case and 

calculated the mean per group. 

4.6. Obtaining colonic homogenates 

The colon fragments, which were previously weighed (100 mg) and crushed on ice, were 
homogenized using a Heidolph homogenizer in a solution of 0.5% w/v hexadecyltrimethylammonium 
bromide (HDTMA) in phosphate-buffered saline. The final solution was prepared at a ratio of 1:20 (p/v) and 
homogenized for 1 minute. The homogenate was sonicated using a Sonics Vibracell for 20 minutes and then 
underwent three freeze/thaw processes. Following the final thaw, the homogenate was centrifuged at 3000 
rpm for 10 minutes at 4°C. The resulting supernatants were used to determine MPO activity. 

4.7. Myeloperoxidase determination 

Fragments of colon that corresponded to the area of greatest macroscopically observable damage were 
extracted. Each animal's 100 mg fragments were weighed and preserved in liquid nitrogen for the first 48 
hours, and then at -40°C for processing during the first 96 hours of extraction. 

To determine MPO levels, we utilized the o-dianisidine technique outlined by Graff [57]. This method 
involves the reduction of hydrogen peroxide by MPO, with the oxygen released in this reaction reacting with 
o-dianisidine to produce a coloured compound. The intensity of the colour is directly proportional to the 
MPO activity. 

10 µL of the supernatant was mixed with 200 µL of o-dianisidine dichloroethane buffer, followed by 
the addition of 50 µL of 1% hydrogen peroxide. Each test was performed in duplicate and the mixture was 
incubated for 3 minutes at 37°C. The sample was centrifuged at 3000 rpm for 5 minutes. Enzyme activity was 
determined using the end-point method on a Photolab 6100vis spectrophotometer at 460 nm. One unit of 
MPO activity was defined as the amount of enzyme required to catalyse an increase in absorbance of 0.1 per 
minute at 460 nm at 25 °C. Specific MPO activity was expressed as mU/mg protein. Total proteins were 
determined using the Lowry method. [58]. 

4.8. Statistical analysis 

The statistical package SPSS for Windows version 20.0 was used to process the data. The mean and 
standard deviation of each experimental group were determined. To test for differences between the 
experimental groups, a one-way ANOVA was applied after checking the normality of the distribution of the 
variables, followed by a Dunnet's test. Variables that did not follow a normal distribution were compared 
using the Kruskal-Wallis and Mann-Witney tests with a confidence interval of 95%. 
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