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β-thalassemia major is characterised by grossly defective synthesis of haemoglobin A along with increased production of haemoglobin F, impaired red blood cells production and increased haemolysis of the defective red blood cells. Affected individuals are dependent on repeated blood transfusions and iron chelating therapy. Patients on blood transfusion may develop complications related to iron overload and adverse effects of chelating agent which has harmful effects on many organs in the body including the kidneys. The present study was aimed to investigate renal functions in paediatric patients with transfusion dependent β-thalassemia major using deferasirox. This study consisted of two groups of β-thalassemia patients; group A, 25 transfusion dependent β-thalassemia patients, age range 0.5–5.0 years; group B, 25 transfusion dependent β-thalassemia patients receiving deferasirox as chelating agent, age range 1.75–5.0 years. In addition, 25 subjects (age range 0.5–5.0 years) served as control group C. Blood samples were collected and serum was tested for creatinine, urea and ferritin. The results showed a significant increase in the mean of serum creatinine, and a significant decrease in the mean creatinine clearance in group B when compared with the control group (p≤0.05). In addition, there was a significant increase in the mean serum ferritin in group A and B when compared with the control group (p≤0.001). On the other hand, there were no significant changes in the mean serum urea between groups A and B when compared with the control group. In conclusion the results of the present study indicated no deterioration in renal functions tests (estimated using serum creatinine, urea and creatinine clearance) in β-thalassemia patients in both groups A and B. Nevertheless, subclinical alteration in renal functions could be expected in those patients, so that measurement of other early marker of glomerular and tubular dysfunction is recommended.
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INTRODUCTION

Thalassemia refers to a disease characterised by decreased or absent production of one or more globin chains (α or β) (Silberstein 2008). Impaired globin chain synthesis causes impaired production of haemoglobin and eventually results in a hypochromic microcytic anaemia because of defective haemoglobinisation of the red blood cells (Silberstein 2008). According to the type of globin chain affected, thalassemia can be classified into different categories; the most common of these is β-thalassemia, which is characterised by impaired β-globin chain synthesis (Alsamarrai et al. 2008). β-thalassemia major is an autosomal recessive disease that leads to a severe haemolytic anaemia in early infancy (Ghone et al. 2008). Depletion or impaired synthesis of β-globin chain can result in an imbalanced production of β-globin chains towards higher production of α-chain, which converts haemoglobin from a normal oxygen transporting function into toxic inclusion bodies, causing peripheral erythrocyte haemolysis (Kassab-Chekir et al. 2003; Joshi et al. 1983). Patients with β-thalassemia major usually suffer from iron overload as a consequence of recurrent transfusion and ineffective erythropoiesis (Swaminathan et al. 2007; Das et al. 2004). Glutathione decrease is another reason for destabilisation of haemoglobin (Naithani et al. 2006; Scott and Eaton 1995). Iron overload may have adverse effects on several organs including the heart, liver, endocrine glands, lungs and kidneys (Malik, Syed and Ahmed 2009; Lahiry, Al-Attar and Hegele 2008; Olivieri 1999).

Deferasirox (Exjade®, Novarti, Switzerland, ICL670) is an oral chelator with high iron-binding potency and selectivity (Nick et al. 2003). It is chelated to the iron from the reticulo-endothelial (RE) cells as well as various parenchymal organs and the chelated iron is cleared by the liver and excreted through the bile (Hershko et al. 2001). The most prevalent complications that arise from thalassemia and deferasirox are transient increase of serum creatinine and liver transaminases (Eshghi et al. 2011). Several investigations about renal involvement in adult patients with β-thalassemia major have been reported but there is a dearth of paediatric data (Aldudak et al. 2000; Koliakos et al. 2000) and the main underlying cause of tubular dysfunction in these patients remains unknown (Sumboonnanonda et al. 2003). However, renal damage can be attributed to chronic anaemia and iron overload (Aldudak et al. 2000). This prospective study was aimed to investigate renal involvement in paediatric patients with transfusion dependent β-thalassemia major and in those taking deferasirox, using conventional and early markers of glomerular dysfunctions.

METHODS

Patients

Fifty patients all having transfusion dependent β-thalassemia of age range from 0.5–5.0 years attending the Thalassemia Centre in Ibn-Alatheer Paediatric Teaching Hospital in Nineveh province, Iraq, were enrolled in this study beginning 1 October 2011 to 30 March 2012. All patients were diagnosed as having β-thalassemia major depending on haemoglobin variants tested by haemoglobin electrophoresis. All patients chosen did not have any history of previous or recent infection. None of the individuals enrolled in this study had previous history of procedures or ultrasound for kidney. None of the patients chosen was receiving treatments other than deferasirox (Exjade® 30 mg/kg/day) as an iron chelating therapy when indicated.

The patients were divided into two groups: group A, 25 transfusion dependent β-thalassemia patients not using deferasirox iron chelator with age range 0.5–5.0 years old; group B, 25 transfusion dependent β-thalassemia patients all receiving deferasirox iron chelator with age range 1.75–5.0 years old. Control group (group C) consisted of 25 apparently healthy non-thalassemic individuals with age range from 0.5–5.0 years old.

Approval of the study was obtained from The Scientific and Human Ethical Committee, Department of Biochemistry, College of Medicine, Mosul University, Iraq.


Specimens and Methods

Venous blood samples, about 5 mL were collected from each individual of the studied groups in plain tubes. Plain tubes samples were then placed aside for 15–30 min to enable blood coagulation to occur. Blood were then centrifuged for 10 min at 4000 rpm in order to obtain serum samples, separated and collected in aliquots, and finally deep frozen at −20°C.

All biochemical analyses were performed at the laboratory of Ibn-Sena Teaching Hospital in Nineveh province, Iraq. The selection of reagents used in this study was based on accuracy, reliability and availability, and were purchased as kits.

Serum creatinine was measured by Jaffe reaction method that depends on using alkaline picrate (Bartels and Bohmer 1972), using a Reflotron creatinine kit (Roche Diagnostics GmbH, Mannheim, Germany). Serum urea was measured by enzymatic method (Fawcett and Scott 1960), using a Reflotron urea kit supplied by Roche Diagnostics GmbH (Mannheim, Germany). Creatinine clearance was calculated according to Shull et al. (1978):

Creatinine clearance (mL/min/1.73m2) = [(0.035 × age) + (0.236 × 100)]/serum creatinine.

Serum ferritin was measured by an enzyme-linked assay method (Koivunen and Krogsrud 2006), using a Vidas® Ferritin Assay kit supplied by Biomerieux (Chemin de L’orme, Marcy L’etoile, France).

Statistical Analysis

Standard statistical methods for the analysis of data in this study were used to determine the mean, standard deviation (SD), unpaired t-test, fisher Freeman Halton test and ANOVA test (Motulsky 2003). The statistical results were considered significant at p≤0.05 (McDonald 2009).

RESULTS

For comparison purpose, the results of the present study were classified according to different age ranges [group A (≤2years and >2 years) and group B (≤3 years and >3 years)] and according to serum ferritin levels [group A (≤1500 ng/mL and >1500 ng/mL) and group B (≤2500 ng/mL and >2500 ng/mL)].

The results showed no significant differences in the mean serum levels of creatinine and urea, and mean creatinine clearance in group A when compared with group C. Whereas, a significant difference (p≤0.001) was seen in the mean serum level of ferritin between group A and group C (Table 1).

The mean serum levels of creatinine in group B showed a significant increase (p≤0.05) compared to group C. In contrast, the mean creatinine clearance in group B was significantly decreased (p≤0.05) when compared to group C. Serum ferritin was also significantly increased (p≤0.001) compared to group C (Table 2).

Within group A, significant increases in the mean serum level of creatinine and of ferritin were observed when the results were compared between different age groups. The decrease in creatinine clearance was also significantly different (p≤0.05) (Table 3). Within group B, significant increases in the mean serum level of creatinine and mean creatinine clearance (p≤0.05) and mean serum level of ferritin (p≤0.01) were observed between the two age groups (Table 4).

In group A (Table 5), a significant increase in the mean serum level of creatinine and a significant decrease in the mean of creatinine clearance (p≤0.05) were observed among patients with different ranges of serum ferritin. In group B (Table 6), no significant changes in the mean serum level of creatinine and urea, and mean creatinine clearance (p>0.05) were observed among patients with different ranges of serum ferritin.


Table 1: Differences in the mean values of serum creatinine, urea and creatinine clearance between group A and group C.



	Parameters
	Mean±SD

	p value




	Group A (n=25)

	Group C (n=25)




	Serum creatinine (µmol/L)
	35.04±5.98

	38.62±5.22

	NS




	Serum urea (mmol/L)
	4.36±1.29

	4.17±1.31

	NS




	Creatinine clearance (mL/min)
	77.96±11.74

	75.4±7.48

	NS




	Serum ferritin (ng/mL)
	1759.92±1312.11

	49.03±19.44

	≤0.001





Notes: Unpaired Student’s t-test, p<0.05

NS – not significant


Table 2: Differences in the mean values of serum creatinine, urea and creatinine clearance between group B and group C.



	Parameters
	Mean±SD

	p value




	Group B (n=25)

	Group C (n=25)




	Serum creatinine (µmol/L)
	44.56±8.37

	38.62±5.22

	≤0.05




	Serum urea (mmol/L)
	4.08±1.59

	4.17±1.31

	NS




	Creatinine clearance (mL/min)
	73.79±10.86

	75.4±7.48

	≤0.05




	Serum ferritin (ng/mL)
	2948.8±736.93

	49.03±19.44

	≤0.001





Notes: Unpaired Student’s t-test, p<0.05

NS – not significant


Table 3: Effect of age on the renal function parameters and serum ferritin levels in group A.



	Parameters
	Mean±SD

	p value




	≤2 years (n=13)

	>2 years (n=12)




	Serum creatinine (µmol/L)
	32±5.7

	38.33±4.47

	≤0.05




	Serum urea (mmol/L)
	4.34±1.29

	4.39±1.35

	NS




	Creatinine clearance (mL/min)
	80.77±14.03

	74.9±8.16

	≤0.05




	Serum ferritin (ng/mL)
	1240.53±527.27

	2381.18±611.86

	≤0.05





Notes: Unpaired Student’s t-test, p<0.05

NS – not significant


Table 4: Effect of age on the renal function parameters and serum ferritin levels in group B.



	Parameters
	Mean±SD

	p value




	≤3 years (n=12)

	>3 years (n=13)




	Serum creatinine (µmol/L)
	43.91±2.23

	45.15±11.61

	≤0.05




	Serum urea (mmol/L)
	4.12±1.46

	4.17±1.7

	NS




	Creatinine clearance (mL/min)
	69.32±6.92

	79.46±12.27

	≤0.05




	Serum ferritin (ng/mL)
	2845.25±1436.68

	3044.38±51.83

	≤0.01





Notes: Unpaired Student’s t-test, p<0.05

NS – not significant


Table 5: Effect of serum ferritin levels on the renal function parameters in group A.



	Parameters
	Mean±SD

	p value




	≤1500 ng/mL (n=13)

	≥1500 ng/mL (n=12)




	Serum creatinine (µmol/L)
	32.76±6.74

	37.5±3.98

	≤0.05




	Serum urea (mmol/L)
	4.2±1.17

	4.53±1.45

	NS




	Creatinine clearance (mL/min)
	82.02±14.7

	74.35±7.06

	≤0.05





Notes: Unpaired Student’s t-test, p<0.05

NS – not significant


Table 6: Effect of serum ferritin levels on the renal function parameters in group B.



	Parameters
	Mean±SD

	p value




	≤2500 ng/mL (n=7)

	>2500 ng/mL (n=18)




	Serum creatinine (µmol/L)
	43.14±0.89

	45.11±9.88

	NS




	Serum urea (mmol/L)
	4.92±1.13

	3.75±1.61

	NS




	Creatinine clearance (mL/min)
	72.47±8.13

	75.42±12.21

	NS





Notes: Unpaired Student’s t-test, p<0.05

NS – not significant

DISCUSSION

The results of this study showed a significant increase in the mean serum creatinine level in group B when compared to the control group, which may be related to over-chelation effect of deferasirox especially in patients receiving less frequent of blood transfusion with high dose of deferasirox (Cappellini 2008). Our findings are in agreement with that of Eshghi et al. (2011), who also found raised serum creatinine in 24.1% of their patients. Serum creatinine was significantly higher in the group that received higher doses of deferasirox and they concluded that the serum creatinine increases with increased dose of deferasirox.

We found a significant decrease in creatinine clearance in group B when compared to the control group. Deferasirox has characteristics such as marked iron-chelating ability and prolonged plasma clearance that could contribute to renal toxicity (Kontoghiorghes 2007). In addition, Cappellini et al. (2011) have reported that creatinine clearance decreased during the first 6 months of deferasirox treatment, which then remained stable for the remainder of the study. Cappellini et al. (2006) found a decrease in renal functions in up to one third of patients treated with deferasirox; accordingly kidney toxicity may be a major issue in the management of patients receiving deferasirox (Papadopoulos et al. 2010).

A progressively significant increase in serum creatinine with increased age was found in patients from groups A and B. In addition, the mean level of serum creatinine significantly increased according to different ranges of elevated serum ferritin among group A. This can be explained by that the treatment of β-thalassemia patients with blood transfusion and iron chelating therapy provide the chance for normal growth with increasing body mass index (Safaei-asl, Maleknejad and Heidarzadeh 2009). These results may also indicate that renal disorders are not rare in patients with β-thalassemia major and that they may increase in term of frequency with age and increased duration of transfusion (Mohkam et al. 2008). Helin, Axenram and Grubb (1998), found a positive correlation between age and serum creatinine in patients with β-thalassemia major.

The decrease in creatinine clearance with age of patients in group A observed in this study would suggest that renal dysfunction in these patients could be the result of chronic anaemia and iron overload (Koliakos et al. 2000). On the other hand, creatinine clearance significantly increased with age among patients in group B. This can be attributed to the increased body mass index of the patients (Safaei-asl, Maleknejad and Heidarzadeh 2009). Papadopoulos et al. (2010) found a significant positive correlation of creatinine clearance with age of β-thalassemia major patients.

Among patients in group A, we found that the group with higher serum ferritin had significantly lower creatinine clearance compared to those with lower serum ferritin. The underlying mechanism for renal dysfunctions in patients with β-thalassemia major is not clear. They seem to be multifactorial, attributed mainly to include long-standing anaemia, chronic hypoxia and iron overload (Koliakos et al. 2000).

The highly significant levels of serum ferritin seen in groups A and B in comparison to the control group, and the significant increase in the level of serum ferritin seen between subgroups of patients according to age, may be accounted for the repeated blood transfusion and lack for the mechanism of excreting excess iron overload on the human body. It is therefore inevitable that patients who undergo regular transfusion therapy to treat chronic anaemia, such as those with β-thalassemia will develop iron overload, since every unit of blood contains approximately 200 mg of iron (Porter 2001). Iron overload from transfusions may be exacerbated in some patients due to increased absorption of iron from the diet in response to ineffective erythropoiesis (Taher and Cappellini 2009). Iron overload can be manifested by a high serum ferritin levels (Ikram, Hassan and Younas 2004).

The mean serum urea was within normal range in both groups A and B, and no significant difference was seen compared to that of group C. It appears that no significant deterioration in glomerular function regarding the filtration of urea in β-thalassemia patients. These results are in agreement with that of Shfik et al. (2011).

Our data confirm the incidence of glomerular dysfunction in transfusion dependent β-thalassemia major paediatric patients which could be attributed to oxidative stress and deferasirox therapy. It is recommended that patients treated with deferasirox are monitored regularly for iron status and renal functions.
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FINLAY GREEN TEA POSSESSES THE HIGHEST IN VITRO ANTIOXIDANT ACTIVITY AMONG THE 20 COMMERCIALLY AVAILABLE TEA BRANDS OF BANGLADESH
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In vitro antioxidant activities of water extract of 20 brands of tea of Bangladesh were assessed in the present investigation. Antioxidant activities were determined by estimating total antioxidant capacity (TAC), 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity, ferric reducing antioxidant power (FRAP) and ferrous ion chelating (FIC) ability. Finlay Green Tea had the highest polyphenol content [103.0±0.3 mg gallic acid equivalent (GAE)/g], concurrently with the highest DPPH-radical scavenging activity (IC50) (19.0±3.0 μg/mL), FRAP (97.0±1.4 mg GAE/g) and TAC (325.0±0.6 mg GAE/g) but moderate FIC ability [1.22±0.09 mg disodium ethylenediaminetetracetate (EDTA)/g]. The level of antioxidant activity, without FIC ability, was strongly associated with the total phenolic content (TPC). Therefore, the teas of Bangladesh, especially the green tea (Camellia sinensis L.), may serve as a potential dietary source of natural phenolic antioxidants.

Keywords: Antioxidant property, Tea, Natural phenolic antioxidants, Polyphenols

INTRODUCTION

Tea is the most commonly drunk beverage on earth and is being consumed socially and habitually by people since 3000 BC. Tea (Camellia sinensis L.), a cultivated evergreen plant, is native to China, later spread to India and Japan, then to Europe and Russia, arriving in the New World in the late 17th century (Sharangi 2009). Antioxidants are capable of stabilising or deactivating reactive oxygen species (ROS) such as hydroxyl radical, ferryl ion, superoxide radical anion, peroxyl radical and hydrogen peroxide, which are induced by oxidative stress, before they later attack cells and biological targets. Antioxidants are therefore believed to be crucial for maintaining optimal cellular and systemic health and well-being (Rahman 2007; Dufresne and Farnworth 2001). During the last decade, the effects of tea and tea polyphenols were extensively investigated and studies showed that tea is capable of lowering the risk of cardiovascular diseases and cancers (Chen et al. 2008; Mukamal et al. 2007), reducing body fat, systolic blood pressure (SBP), and low density lipoprotein (LDL) cholesterol (Nagao, Hase and Tokimitsu 2007). Among age-associated pathologies and neurodegenerative diseases, green tea was shown to confer significant protection against Parkinson’s disease and Alzheimer’s disease (Hu et al. 2007; Rezai-Zadeh et al. 2005). On the other hand, persistent tea consumption by mothers during pregnancy might be associated with an increased risk of preeclampsia, especially severe preeclampsia (Wei et al. 2009).

Little information is reported in the literature regarding the antioxidant activity and the total phenolics of different brands of teas in Bangladesh. Therefore, the present study was undertaken to investigate total phenolic content (TPC), total antioxidant capacity (TAC), 1,1-diphenyl-2-picryhydrazyl (DPPH)-radical scavenging activity, ferric reducing antioxidant power (FRAP) and the ferrous ion chelating (FIC) ability.

METHODS

Chemicals

Twenty different brands of teas were purchased from departmental stores of Dhaka, the capital of Bangladesh. The teas were used as sold by the vendor without further identification. A voucher specimen was retained in the Department of Biochemistry and Molecular Biology, University of Dhaka for further reference. Folin–Ciocalteu’s reagent (2N) and DPPH was purchased from Sigma Chemical Co. (St. Louis, MO, USA). Methanol, potassium ferricyanide, anhydrous ferric chloride, di-sodium hydrogen phosphate, potassium di-hydrogen phosphate, 1,10-phenanthroline monohydrate, tris-hydrochloric acid (Tris-HCl) and sulphuric acid were purchased from Merck (Darmstadt, Germany). Disodium ethylenediaminetetracetate (EDTA) was purchased from Invitrogen (Carlsbad, California, USA). Trichloroacetic acid and ammonium molybdate were purchased from Merck (Mumbai). All chemicals and solvents used were of analytical grade.

Extraction of Teas

Tea powder (1 g) was extracted with 50 mL boiling water and allowed to steep for 1 h with continuous swirling. Extracts were filtered through Whatman No. 1 filter paper, aliquoted and stored at 4°C for immediate analyses and/or stored at −20°C if analyses were performed later. Analyses of aqueous tea extracts were done in triplicate.

Total Phenolic Content (TPC)

TPC was determined using the Folin-Ciocalteu assay (Turkmen et al. 2007). Samples (1.0 mL, in triplicate) were introduced into test tubes followed by 1.0 mL of Folin-Ciocalteu’s reagent (diluted 3 times with deionised water) and 2.0 mL of sodium carbonate (35%, w/v). The mixture was shaken thoroughly and diluted to 6 mL with deionised water. The tubes were allowed to stand for 30 min before the measurement of absorbance at 700 nm (Shimadzu UV-VIS mini 1240, Shimadzu Corporation, Kyoto). TPC was expressed as gallic acid equivalent (GAE) in mg per g extract.

Ferric Reducing Antioxidant Power (FRAP)

FRAP of tea extracts was determined using the procedure of Turkmen et al. (2007). Different dilutions of extracts (0.5 mL) were added to 1.25 mL phosphate buffer (0.2 M, pH 6.6) and 1.25 mL of potassium ferricyanide (1%, w/v). The mixture was incubated at 50°C for 20 min. After trichloroacetic acid solution (1.25 mL, 10%, w/v) was added, the mixture was separated into aliquots of 1.25 mL and diluted with 1.25 mL of water. To each diluted aliquot, 0.250 mL of ferric chloride solution (0.1%, w/v) was added. After 10 min, absorbance was measured at 700 nm. FRAP of extracts was expressed as mg GAE/g.

DPPH Radical Scavenging Activity

DPPH radical scavenging activity was measured by measuring the decrease in absorbance of methanolic DPPH solution at 517 nm in the presence of tea extract (Turkmen et al. 2007). The hot water extract was diluted with methanol and 100 µL of diluted extracts (with different concentrations) were added to 100 µL with methanolic DPPH solution (final concentration of 0.4 mM). The reaction mixture was vortex mixed and allowed to stand for 30 min at room temperature in the dark before the absorbance at 517 nm was measured using methanol as blank. Antioxidant activity was expressed as percentage inhibition (% I) of the DPPH radical and was determined by the following equation: % I = [1 – Absorbance (Abs) of the sample/Abs of the control] × 100. Data of % I were subjected to nonlinear regression analysis using dose-response curve for inhibition. The unit for the concentration of the extracts required to decrease the absorbance of the DPPH by 50% (IC50) was µg of tea (powder)/mL hot water extract.

Total Antioxidant Capacity (TAC)

The assay is based on the reduction of molybdenum (VI)-molybdenum (V) [Mo (VI)–Mo (V)] by the extract and subsequent formation of a green phosphate/Mo (V) complex at acidic pH (Banerjee, Dasgupta and De 2005). Different dilutions of extracts (0.1 mL) were combined with 3 mL of reagent solution (0.6 M sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The tubes were incubated at 95°C for 90 min. After the mixture had cooled to room temperature, the absorbance of the samples was measured at 695 nm. Results of the TAC were expressed as mg GAE/g (mg of gallic acid/gm of solid tea).

Ferrous Ion Chelating (FIC) Ability

FIC ability of the tea extracts was determined according to the method of Olabinri et al. (2010). In this assay, the tea extract binds with Fe2+ ion generated in vitro using 500 µM iron (II) sulphate as ion donor. Different dilutions of tea extracts (0.2 mL) were added to Tris-HCl (0.336 mL, 0.1 M, pH 7.4) and 0.436 mL of saline (0.9%, w/v). After 5 minutes, 0.26 mL of 1, 10-phenanthroline (0.25%, w/v) was added to the reaction mixture. The absorbance of the samples was measured at 510 nm against control which consists of Tris-HCl, saline and phenanthroline without the tea extract. The ability of extracts to chelate ferrous ions was calculated as mg EDTA/g of solid tea.

Statistical Analysis

The experimental results obtained were expressed as mean±SEM. Statistical analysis was performed using the Statistical Package for Social Sciences (SPSS), version 16 (Chicago, IL, USA).

RESULTS

Total Phenolic Content (TPC)

TPC of 20 tea samples are shown in the Figure 1. Finlay Green Tea showed significantly (p<0.05) higher TPC (103.0±0.3 mg GAE/g) than those of other brands of tea. The second highest TPC was found in the Ispahani Zareen Tea, while the third highest content was found in the Kazi and Kazi (Black) brand. The HRC Clone Tea, Lipton Taza, Kazi Tea State and Ispahani Mirzapur Tea Premium brands had TPC in the range of 69~74 mg GAE/gm. All other brands contained total polyphenol in the range of 57~65 mg GAE/gm.
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Fig. 1: TPC of different tea brands. TPC was determined against GAE.



DPPH Radical Scavenging Activity

DPPH-radical scavenging activities of teas are shown in the Table 1, in term of IC50. Finlay Green Tea showed the highest DPPH-radical scavenging activity (19.0±3.0 μg tea/mL hot water). The next one was Tetley Tea, which contained 27.0±2.0 μg tea/mL. For the others, IC50 values ranged 31–104 μg/mL. DPPH activity also showed significant correlations with TPC and TAC (R2 = 0.568, p<0.05 and R2 = 0.491, p<0.05, respectively).

Total Antioxidant Capacity (TAC)

The phosphomolybdenum assay usually detects antioxidants such as ascorbic acid, some phenolics, α-tocopherol and carotenoids. A higher absorbance indicates a higher antioxidative activity. TAC of the Finlay Green Tea (324.9±0.6 mg GAE/g) was considered as 100%, while those of the others were calculated against the TAC of the Finlay Green Tea brand (Fig. 2). Total antioxidant capacities of the teas of other brands were one third to one fourth (22%~33%) of that of the Finlay Green Tea brand.


Table 1: Antioxidant potentials of different tea brands of Bangladesh.



	Name of tea brand
	*IC50 value (μg/mL)

	FRAP (mg GAE/g)

	FIC ability (mg EDTA/g)




	Finlay Green Tea
	19.0±3.0a

	97.0±1.4d

	1.02±0.07f




	Tetley Tea
	27.0±2.0b

	60.0±0.2

	1.59±0.05ij




	Ispahani Mirzapur Tea Green Spot
	31.0±4.0b,c

	47.0±0.4j

	1.88±0.02k




	Finlay Premium
	32.0±1.0b,c

	55.0±0.9ef

	1.73±0.05gh




	Ceylon Premium Tea
	34.0±2.0b,c,d

	58.0±0.5a

	1.41±0.05de




	Kazi and Kazi (Black)
	35.0±3.0c,d

	63.0±0.2m

	1.49±0.03ej




	HRC Clone Tea
	39.0±1.0d,e

	67.5±0.3h

	1.33±0.11bd




	Magnolia Tea
	39.0±4.0d,e

	56.0 ±0.1f

	1.78±0.07kg




	Special Orange Picoko
	40.0±3.0d,e

	55.0±0.3ef

	1.42±0.07de




	Blend Tea State
	43.0±5.0e,f

	58.0±0.3ab

	1.24±0.03bc




	HRC Clevedon
	43.0±3.0e,f

	59.0±0.6g

	1.36±0.05d




	Finlay Tea Golden
	44.0±1.0e,f,g

	53.0±0.2c

	1.22±0.09bc




	Kazi Tea State
	46.0±5.0e,f,g

	68.0±0.5h

	1.54±0.09ij




	Amrail Tea State
	50.0±5.0g,h

	58.0±0.8ab

	0.75 ±0.05ab




	Ispahani Mirzapur Tea Premium
	51.0±5.0g,h

	58.0±0.3ab

	1.24±0.03bc




	Lipton Taza
	55.0±8.0h,i

	57.0±0.2b

	1.55±0.05ij




	Orthodox
	57.0±3.0h,i

	66.20±0.0n

	0.97±0.05f




	Ispahani Zareen Tea
	73.0±2.0j

	64.0±0.5

	2.06±0.05l




	Ispahani Mirzapur Tea
	75.0±1.0j

	55.0±0.5ei

	1.64±0.03ih




	R-Dust State
	104.0±5.0k

	54.0±0.3i

	1.58±0.05ij





Notes: Results have been expressed as mean ± Standard Error Mean (SEM). Values that do not share a common superscript are significantly different at p<0.05. *Data of percentage of inhibition were subjected to nonlinear regression analysis using dose-response curve for inhibition. DPPH concentration used was 0.4 mM in ethanol. Unit of IC50 value was µg of tea (powder)/mL. Except for the Finlay Green Tea, all other teas are black tea as they are confirmed by the manufacturer on the packet.

Ferric Reducing Antioxidant Power (FRAP)

Finlay Green Tea exhibited the highest (97.0±1.4 mg GAE/g) FRAP. The FRAP of other brands ranged from 47.0±0.4 (Ispahani Mirzapur Tea) to 71.0±0.3 (Ispahani Mirzapur Tea Premium) (Table 1).
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Fig. 2: TAC of different tea brands. TAC was determined against GAE.



Ferrous Ion Chelating (FIC) Ability

Metal chelating activity is also shown in the Table 1. FIC ability ranged from 0.75±0.05 (Amrail Tea State) to 2.06±0.05 mg EDTA/g (Ispahani Zareen Tea) (p<0.05) (Table 1). FIC ability showed significant correlations with FRAP, DPPH and TAC (R2 = 0.167, p<0.05; R2 = 0.226, p<0.05; R2 = 0.107, p<0.05), respectively. On the other hand the correlation with TPC was poor and insignificant (R2 = 0.018, p>0.05).

DISCUSSION

Tea is the chief non-alcoholic beverage drinks in Bangladesh and increasingly being recognised as one of the important ‘health drinks’ in view of its significant medicinal value. Bangladesh produces about 56 million kg of tea per year. The domestic markets consume about 41 million kg, though the local consumers are mostly unaware of the beneficial effects particularly of the tea’s impact on oxidative defence in maintaining the good health. Therefore, the intention of this investigation was to evaluate the TPC of different tea brands and whether the hot water extract could act as antioxidant. The antioxidant potentials were evaluated by determining TAC, ferric reducing ability, ferrous chelating ability and DPPH-free radical scavenging activity. Analyses of TPC of different tea revealed that Finlay Green Tea brand had the highest TPC (p<0.05), and other brands of the tea varied and ranged 50–80 mg of GAE per gram of tea (Fig. 1). Finlay Green Tea showed significantly higher TPC value than those of other teas, including Kazi and Kazi (Black) tea. Higher values for TPC in Argentinian green and black tea have been reported (Anesini, Ferraro and Filip 2008). These values are, however, not comparable to ours, since Anesini, Ferraro and Filip (2008) used methanol as the extractant. Chan, Lim and Chew (2007) found, however, a value of 191 mg GAE/g in an aqueous extract of Malaysian green tea, compared to 103 mg GAE/g for Finlay Green Tea by us. The higher content of total phenolics in green tea than in black tea reported by Anesini, Ferraro and Filip (2008) and by Chan et al. (2010), who used water as extractant, is in accordance with our results. After having the TPC data of the teas of our local market, the antioxidant power were evaluated by using a variety of methods, such as TAC, DPPH-free radical scavenging activity, FRAP and FIC ability. The phosphomolybdate assay usually detects total antioxidants such as ascorbic acid, some phenolics, α-tocopherol and carotenoids. A higher absorbance indicates a higher antioxidative activity. Because of its simplicity, it was decided to extend its application to tea extracts. Except Finlay Green Tea (325 mg GAE/g), the TAC in tea was found to vary from 72 (Tetley Tea) to 109 mg GAE/g (Orthodox) (Fig. 2). Finlay Green contained about 3 to 5 times higher level of TAC than those of other teas. There was no report available on the TAC of tea extracts by using this method. DPPH, a nitrogen centred free radical, is one of the most commonly used substrates for fast evaluation of antioxidant activity because of its stability (in radical form) and simplicity of the assay (Bozin et al. 2008). The amount of tea required to scavenge 50% of DPPH, IC50, is summarized in Table 1. The lower the IC50, the higher is the antioxidant activity (Brand-Williams, Cuvelier and Berset 1995). Finlay Green Tea had the lowest IC50 value (19.0±3.0 μg/mL) of the teas tested (Table 1). Chan, Lim and Chew (2007) reported similar values to ours for DPPH scavenging activity for different types of tea and different procedures. The antioxidant properties of different compounds within a group can vary remarkably so that the same levels of phenolics do not necessarily correspond to the same antioxidant responses (Parejo et al. 2002; Zheng and Wang 2001). Moreover, the response of phenolics in the Folin-Ciocalteu assay also depends on their chemical structure, and the radical-scavenging capacity of an extract cannot be predicted on the basis of its TPC content alone (Parejo et al. 2000).

The reducing power of a compound serves as a significant indicator of its antioxidant activity (Joshi, Verma and Mathela 2010). Assay of reducing activity is based on the reduction of Fe3+/ ferricyanide complex to the ferrous form in the presence of reductants (antioxidants) in the tested samples. The Fe2+ was then monitored by measuring the formation of Perl’s Prussian blue at 700 nm (Oyaizu 1986). Except very high value for Finlay Green Tea (97±1.4 mg GAE/g), FRAP ranged from 47±0.4 (Ispahani Mirzapur Tea) to 71±0.2 (Ispahani Mirzapur Tea Premium) (Table 1). The highest FRAP was found in Finlay Green Tea, and this value is similar to those reported for different brands of commercially available green teas of Malaysia (Chan et al. 2010; Chan, Lim and Chew 2007). Values for black teas in our investigation are also in good accordance with values given by Chan et al. (2010) and Chan, Lim and Chew (2007). In this study, correlation between FRAP and TPC was significantly strong (R2 = 0.732, p<0.05). Turkmen et al. (2007) also reported strong correlation between TPC and FRAP of different tea extracts.

Finally, the antioxidant potentials of the tea extracts were evaluated by determining their FIC ability (Table 1). Metal chelating activity is one of the better understood antioxidant mechanisms because of its ability to reduce the concentration of the catalysing transition metals in lipid peroxidation. Among the transition metals, iron is the most effective lipid oxidation pro-oxidant due to its high reactivity (Qiao et al. 2009). FIC ability measures the ability of secondary antioxidants to chelate metal ions. Primary antioxidants prevent oxidative damage by directly scavenging free radicals, while secondary antioxidants act indirectly by preventing the formation of free radicals through Fenton’s reaction (Chan et al. 2010). FIC ability ranged from 0.75±0.05 (Amrail Tea State) to 2.06±0.05 mg EDTA/g (Ispahani Zareen Tea) (p<0.05) (Table 1). The high FIC ability of Ispahani Zareen Tea, Ispahani Mirzapur Tea, Magnolia Tea and Finlay Premium suggests that they contain greater amounts of ligands that react very well to chelate ferrous metal ions (Chan, Lim and Chew 2007). Although Finlay Green Tea showed high level of TPC and strong antioxidant activity as compared to that of the Kazi and Kazi Black tea, it had poorer FIC ability than that of the Kazi and Kazi (Black) tea. Previous studies also reported that green teas contained higher TPC, FRAP and DPPH radical scavenging activity but poorer FIC ability than black teas (Chan, Lim and Chew 2007; Chan and Lim 2006). We also examined the correlation between TPC and the antioxidant potential. Significantly strong correlation was found between TAC with TPC and FRAP (R2 = 0.607, p<0.05 and R2 = 0.684, p<0.05 respectively). In contrary to our results, Marwah et al. (2007) reported a poor correlation between TPC and antioxidant activity of some wound healing plants of Oman by using this method. FIC ability showed significant correlations with FRAP and TAC (R2 = 0.167, p<0.05; R2 = 0.10, p<0.05), respectively.

CONCLUSION

This study is the first report on the antioxidant activities and the phenolic contents of the different brands of teas available in Bangladesh. Most of the methods used for antioxidant activity showed strong correlation with TPC. Regarding the putative importance of antioxidant in various degenerative diseases, it can be concluded that teas from Bangladesh can be an important dietary source of antioxidants and could act as one of the important health drinks.
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A simple, economic and accurate absorption ratio method was developed for the simultaneous estimation of valacyclovir (VC) hydrochloride monohydrate and ritonavir (RT) in bulk and tablet dosage form. 0.1M hydrochloric acid (HCl) was used as a diluent to dissolve VC and RT. One percent sodium lauryl sulphate (SLS) was used to enhance the solubility of the drugs in 0.1M HCl. The absorptions were observed at 237.52 nm and 256.75 nm, which were selected based on overlapping spectra of VC and RT. The linearity range was found to be 10–20 μg/mL at 237.52 nm (r2=0.995) and 256.75 nm (r2=0.994). The method was found to be simple, precise, accurate and rapid for the simultaneous determination of VC and RT in bulk and tablet dosage form using absorption ratio method.

Keywords: Valacyclovir, Ritonavir, Spectrophotometry

INTRODUCTION

Valacyclovir (VC) which is a prodrug, being converted in vivo to acyclovir, is an antiviral drug used in the management of herpes simplex, herpes zoster (shingles) and herpes B. Its molecular formula and molecular weight are C13H20N6O4 and 360.80 g/mol respectively. Acyclovir is converted into the active triphosphate form, acyclo-guanosine triphosphate (GTP), by cellular kinases. Acyclo-GTP is a very potent inhibitor of viral DNA polymerase (Umapathy, Ganapathy and Ganapathy 2004). The chemical structure of VC is shown in Figure 1(a). It is soluble in water at 174 g/L (Sweetman 2011; Moffat et al. 2004). Literature survey revealed that various analytical methods such as UV spectrophotometry (Srihari et al. 2013; Sudhakar Reddy et al. 2011; Sugumaran and Jothieswari 2010), HPLC, RP-HPLC (Jahnavi and Ashok 2013; Sultana, Agarwal and Khanam 2013; Rasool et al. 2012; Sugumaran et al. 2011; Rao et al. 2006) methods have been reported for the estimation of VC from its formulations and biological fluids. Ritonavir (RT) is an antiretroviral drug from the protease inhibitor class used to treat HIV infection and AIDS. The molecular formula is C37H48N6O5S2 and the structural formula of RT is shown in Figure 1(b). RT is a yellow crystalline substance, practically insoluble in water but soluble in ethanol (Sweetman 2011, Moffat et al. 2004). It has a molecular weight of 720.95 g/mol. Detailed survey of literature for RT revealed several methods that have been reported for the assay of it either alone or in combined form in drug formulations. These analytical techniques include UV visible (Vis) spectrophotometry (Nagulwar and Bhusari 2012; Seetaramaiah et al. 2012; Behera et al. 2011; Dias, Bergold and Fröehlich 2009), RP-HPLC (Gowthami et al. 2012; Jagadeeswaran et al. 2012), HPLC and HPTLC (Mohammad et al. 2012).
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Fig. 1: Structures of drugs (a) VC and (b) RT (images are derived from http://en.wikipedia.org).



The scope of developing and validating an analytical method is to ensure a suitable method for a particular analyte to be more specific, accurate and precise. The main objective for that is to improve the conditions and parameters, which should be followed in the development and validation processes. A survey of literature revealed that simultaneous analytical methods are not available for the drug combination VC and RT, even though very few methods of individual estimation of these drugs are available. Hence it is proposed to develop new methods for the assay of VC and RT in pharmaceutical dosage forms adapting UV visible spectrophotometry. The objective of the study was to develop a simple and accurate method for the determination of VC and RT simultaneously using absorption ratio method by UV-spectrophotometry in pharmaceutical dosage forms.

METHODS

VC and RT obtained from Matrix Laboratories (Hyderabad, India) were of analytical grade. A commercial sample of VC and RT tablets were procured from the local market and used within their shelf-life period. Hydrochloric acid (HCl) (S. D. Fine Chemical Limited, Mumbai) and sodium lauryl sulphate (SLS) (LobaChemie Laboratory, Mumbai) were of pharmaceutical or analytical grades.

Quantitative estimation was performed on Labindia UV 3000+ (Maharashtra, India) and Elico SL 210 (Andhra Pradesh, India) double beam UV visible spectrophotometers with matched 1 cm path-length quartz cells. Absorption spectra was recorded on a fast scan speed, setting slit width to be 1 nm and sampling interval to be auto. Labindia UVWin (Maharashtra, India) software was used along with quartz cuvette for the λmax prediction. To develop a suitable and robust absorption ratio method for the determination of VC and RT, different diluents like methanol, 0.1M HCl etc. were tried based on the solubility and functional group present in the compound. Finally 0.1M HCl in 1% SLS solution, prepared by adding 8.5 mL HCl to a 1000 mL volumetric flask and making it up to the mark with 1% SLS solution, was selected due to its reproducible results. Absorbances were measured at selected λmax (237.52 nm and 256.75 nm) based on the overlap spectrum of both drugs. The data were collected and analysed with a software (LabIndia UVWin, Maharashtra, India) in a computer system.

Preparations

Stock solution of VC (200 µg/mL) was prepared by dissolving 10 mg of drug in a 50 mL volumetric flask containing 20 mL of 0.1M HCl in 1% SLS. The solution was sonicated for about 15 minutes and then made up to volume with the solvent. From the stock solution, 1 mL was pipetted out and transferred into the 10 mL volumetric flask to get 20 µg/mL concentration. The same procedure was followed for RT standard. The final solutions of both standard drugs solutions were scanned and the spectra obtained were overlapped. From the overlapping spectra, two wavelengths were selected. Among the two, 256.75 nm is the λmax of VC and 237.52 nm is an isobestic point (the wavelength at which both the drugs show same absorbance). Then the absorbance was measured at 237.52 nm and 256.75 nm, and the absorptivity, from the formula ε = A/cl where A is absorbance; c is concentration; l is path length, was calculated.

Preparation of Standard Mixture

From 200 µg/mL of VC and RT standard stock solutions, 1 mL was pipetted out individually and mixed in 10 mL volumetric flask and was made up to the mark with 0.1M HCl in 1% SLS. Absorbance were measured at selected λmax (237.52 nm and 256.75 nm).

Preparation of Tablet Mixture

20 tablets were weighed and powdered. The amount of powder equivalent to 25 mg of VC and 10 mg of RT were weighed and transferred into the 100 mL of volumetric flask containing 20 mL of 0.1M HCl in 1% SLS. The solution was sonicated for about 20 minutes and then made up to volume with 0.1M HCl in 1% SLS. The solution was filtered using 0.25 µ filter paper and vacuum-associated filtration unit. From the filtrate, 1 mL was pipetted out and transferred into the 10 mL volumetric flask and made up to the mark with 0.1M HCl in 1% SLS. The amount of drug present in pharmaceutical formulation was calculated (Beckett and Stenlakke 2007) using the following formula:

Cy = (A1/ax1)–Cx

Cx = [(Qm–Qy)/Qx–Qy)] (A1/ax1)

where, Cy is the concentration of RT in mixture; Cx is the concentration of VC in mixture; Qx (absorption ratio of VC) = ax2/ax1; Qy (absorption ratio of RT) = ay2/ay1; Qm (absorption ratio of mixture) = A2/A1; A1 is absorption at 237.52 nm in mixture; A2 is absorption at 256.75 nm in mixture; ax1 and ax2 are absorptivities of VC at 237.52 nm and 256.75 nm respectively; ay1 and ay2 are absorptivities of RT at 237.52 nm and 256.75 nm, respectively.

Validation

The described method has been validated for the assay of VC and RT using the following parameters [International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH) 1995]. Linearity was studied to find out the relationship of concentration with absorbance. Six different concentrations of VC and RT drug mixtures (10 to 20 µg/mL of each drug in the mixture) were employed i.e., 10, 12, 14, 16, 18 and 20 µg/mL. All solutions were scanned and absorbance measured at 237.52 nm and 256.75 nm. The calibration graph was constructed by plotting the absorbance versus the final concentration of the drug (µg/mL) and the corresponding regression equation derived. Precision was studied to find out variations in the test methods of mixtures of VC and RT (20 µg/mL) on the same day. On different days, the same solutions were scanned using different Instruments (Elico SL 210, Labindia UV 3000+) and ruggedness is determined. The precision of each method was ascertained separately from the absorbance obtained by actual determination of six replicates of a fixed amount of drug (20 µg/mL). Precision and ruggedness were done on the same day and the different day respectively, and the percentage of relative standard deviation (% RSD) was calculated for each. The accuracy of the method was shown by analysing the model mixtures containing 20, 25 and 30 µg/mL of sample solution of VC and 8, 10 and 12 µg/mL of sample solution of mixture of RT and along with 10 µg/mL of bulk standard solutions of VC and RT. After the measurement, the amount found, amount added for VC and RT and individual recoveries were calculated. Limit of detection (LOD) and limit of quantification (LOQ) were calculated based on the linearity data using the formulae LOD = 3.3×standard deviation / slope; LOQ = 10×standard deviation / slope.

RESULTS

An absorption ratio method procedure was proposed as a suitable method for the analysis of the drugs VC and RT in dosage forms. A typical overlap spectrogram of standard VC and RT and their mixture is shown in Figure 2 (data in Table 1). The λmax was found to be 237.52 nm and 256.75 nm. The regression equation for the method at 237.52 nm was found to be y = 0.02519x+0.00202 (r=0.995) and linear over Beer’s range 10–20 µg/mL. The regression equation for the method at 256.75 nm was found to be y = 0.03939x+0.00655 (r=0.994) and linear over Beer’s range 10–20 μg/mL. The linearity graph of VC and RT mixtures is shown in Figure 3. A typical overlap spectrogram of different concentration of mixture of VC and RT is shown in Figure 4.
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Fig. 2: Overlap spectrogram of standard drugs VC, RT and their mixture.
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Fig. 3: Linearity graph of VC and RT mixture.



The percentage of purity of VC and RT in tablet dosage form was 108.3% and 108.5% respectively. The precision of the spectrophotometer system was determined using the % RSD of the absorbance for six replicate preparations of the drug. The % RSD was less than 2. Precision data are presented in Table 2. In order to verify the accuracy of the described method, recovery studies were carried out by analysing model mixtures containing 80%, 100% and 120% of sample solution of drug VC and drug RT along with 10 µg/mL of bulk standard solution within the linearity ranges. The mean percentage recoveries were found to be 92.78%, 95.09% and 98.84% w/w for 80%, 100% and 120% respectively. Accuracy data are presented in Table 3. LOD for VC and RT was found to be 0.635 µg and 0.595 µg respectively. LOQ for VC and RT was found to be 1.924 µg and 1.804 µg respectively.
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Fig. 4: Spectrogram of VC and RT mixture linearity.




Table 1: Data of VC and RT.



	
	Absorbance at 237.52 nm

	Absorbance at 256.75 nm

	Absorption ratio




	VC
	0.263

	0.606

	2.304183




	RT
	0.263

	0.22

	0.836502






Table 2: Data for precision of VC and RT.



	
	Absorbance at 237.52 nm

	Absorbance at 256.75 nm

	Absorption ratio

	Concentration of VC

	Concentration of RT




	Mixture 1
	0.489

	0.771

	1.576687

	1.875392

	1.84324




	Mixture 2
	0.485

	0.758

	1.562887

	1.825371

	1.862842




	Mixture 3
	0.49

	0.761

	1.553061

	1.819244

	1.906992




	Mixture 4
	0.491

	0.769

	1.566191

	1.85636

	1.87748




	Mixture 5
	0.485

	0.754

	1.554639

	1.804645

	1.883567




	Mixture 6
	0.481

	0.759

	1.577963

	1.847889

	1.809906




	Mean
	0.486833

	0.762

	1.565238

	1.83815

	1.864004




	SD
	0.003817

	0.006633

	0.01058

	0.026293

	0.033975




	%RSD
	0.783971

	0.870505

	0.6759

	1.430425

	1.822677





Notes: SD = Standard deviation; %RSD = Percentage of relative standard deviation


Table 3: Data for accuracy of VC and RT.
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Note: Abs = absorbance; Conc. = concentration

DISCUSSION

The developed method can be used for routine analysis because the linearity found in VC and RT is nearing 1 that is 0.995 and 0.994 respectively which shows the good regression for linearity. Maximum recovery is obtained by this developed method and the mean percentage recovery for each component is nearing 100%. Therefore this method can be used for the routine analysis and one most important reason is that the developed method does not involve the use of expensive reagents. The spectrophotometric assay methods employed in our study indicated less interference from excipients used in formulation by the percent recoveries values. Most of the existing methods (Srihari et al. 2013; Nagulwar and Bhusari 2012; Siva Ramakrishna et al. 2012; Reddy et al. 2011; Seetaramaiah et al. 2011; Sudhakar Reddy et al. 2011; Aswani Kumar et al. 2010) consumed expensive reagents for individual drug analysis. But the method we developed involves chemicals like HCl, SLS and distilled water, which are very simple, economical and also easily available. Also, our proposed method requires less time for the determination of VC and RT simultaneously compared to other methods (Siva Ramakrishna et al. 2012; Reddy et al. 2011; Sudhakar Reddy et al. 2011) and these methods also required reagents which are costly and time consuming.

CONCLUSION

The presented method was found to be precise, sensitive and accurate. This method has simple sample preparation. The good recoveries and low coefficient of variation confirmed the suitability of proposed method for the routine analysis of VC and RT in pharmaceuticals.
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Elytraria acaulis is traditionally used in the treatment of diarrhoea. E. acaulis extracts were prepared in alcohol, water, hydroalcoholic solution, chloroform and ethyl acetate. Acute toxicity test was performed in albino mice and antidiarrhoeal activity was studied in Wistar rats. Castor oil-and magnesium sulphate-induced diarrhoea in Wistar rats were treated with E. acaulis extracts, standard antidiarrhoeal drug loperamide and the results were compared to control. Extracts of E. acaulis showed neither mortality nor any toxic effect in albino mice up to the dose of 5 g/kg during the period of 48 hours, which was further extended for 14 days. Water extract of E. acaulis was 60.68% (p<0.01) effective in reducing faeces in castor oil-induced diarrhoeal rats and 62.10% (p<0.01) in magnesium sulphate-induced diarrhoea model. These results indicated that E. acaulis extracts are effective for treatment of diarrhoea.

Keywords: Elytraria acaulis, Diarrhoea, Castor oil, Magnesium sulphate, Acute toxicity

INTRODUCTION

Diarrhoea is the frequent passing of loose, watery and unformed faeces. Loss of fluids through diarrhoea can cause dehydration and electrolyte imbalance. Herbal treatment for diarrhoea in natural and traditional medicinal practices includes the use of plants or plant extracts like Semicarpus anacardium, Achyranthus aspera, Rhus semialata (Alexander et al. 2011), Desmostachya bipinnata (Ahmad et al. 2010), Elytraria acaulis (Katewa and Jain 2006; Jain et al. 2005) etc.

E. acaulis is one of the plants belonging to Acanthaceae family, commonly known as nela marri (Sankaranarayanan et al. 2010), ho-muli (Kotwal and Srivastava 2013), kala gathia, galobi (Katewa and Jain 2006), sahamuria (Sikarwar et al. 2008), patharchattaa, dasmor and shat-muuli (Khare 2007). E. acaulis is traditionally used in treatment of abscess of mammary glands, boils, burns, colic, diarrhoea, rickets, throat compliments and tonsillitis (Jain et al. 2005). Leaves of E. acaulis are used to cure fever, venereal diseases (Khare 2007), kidney stone and urticaria (Katewa and Jain 2006). Roots of E. acaulis are claimed to have therapeutic benefits in treating stomach ache (Katewa and Jain 2006), tooth ache, asthma, expulsion of guinea worms (Katewa and Jain 2006; Jain et al. 2005), migraine (Katewa and Jain 2006), leucorrhoea, piles (Sikarwar et al. 2008), mammary tumours, pneumonia and infantile diarrhoea. The plant’s infusion is prescribed as a remedy for cough (Khare 2007). Pyrazole alkaloids like withasomnine and 4′-hydroxywithasomnine have been isolated from E. acaulis (Ravikantha et al. 2001).

A literature review revealed that antidiarrhoeal activity of E. acaulis has not been investigated. The present study was carried out to examine traditional claims for the antidiarrhoeal activity of the plant and to determine acute toxicity test. Several extracts of E. acaulis were prepared and their antidiarrhoeal activity was investigated in Wistar rats using castor oil-induced diarrhoea and magnesium sulphate-induced diarrhoea models. Acute toxicity test was performed in albino mice to determine safe dose of the extracts.

METHODS

Plant Material: Collection and Authentication

Whole plants of E. acaulis were collected from hills in Shakumbhari Mata in Shekhawati Region of Rajasthan, India. The plant was authenticated by Dr. R. P. Pandey at Botanical Survey of India, Jodhpur, India. A voucher specimen, JNU/PH/2010/EaE1, was deposited in the herbarium of Jodhpur National University, Jodhpur, India.

Extraction

Different underground parts, viz roots, rhizome, etc., were dried in shade for one month, ground using electric mixer-grinder and screened using British standard sieve (BSS) no. 22 (average aperture size 710 μm). The powdered crude drug (10 g) was extracted in soxhelet extractor with petroleum ether, ethyl acetate, chloroform, ethanol, ethanol (50%) and water, separately, to extract non-polar and polar compounds. The obtained extracts were filtered through Whatman filter paper, concentrated and dried by evaporating the solvent on water bath. The residual moisture in the extract was removed by drying in an oven followed by storage of powdered extracts in a desiccator.

Animals

The antidiarrhoeal studies were conducted on healthy female Wistar rats weighing 150–200 g and albino mice of either sex weighing 25–30 g were used for acute toxicity studies. Approval by the institutional animal ethical committee (registration number 1258/ac/09/CPCSEA) was obtained for conduct of animal experiments. The animals were kept in colony cages at standard husbandry conditions. All animals had free access to feed and water ad libitum.

Preliminary Acute Toxicity Test

E. acaulis extracts were administered orally in doses of 250, 500, 1000, 2000 and 5000 mg/kg body weight to albino mice (one dose per group; five animals in a group). Simultaneously, the control animals received normal saline (5 mL/kg). The general signs and symptoms of toxicity, intake of food and water, and mortality were recorded for a period of 48 hours and then for a period of 14 days as per Organisation For Economic Co-Operation and Development (OECD) guideline 423 (OECD 2001).

Experimental Procedure for Antidiarrhoeal Activity

Healthy Wistar rats were distributed into 7 groups, each group consisting of 5 animals, which received the treatments in following manner:

group I: normal control [1% carboxymethylcellulose (CMC) 10 mL/kg, body weight]

group II: standard drug (loperamide 3 mg/kg body weight)

group III: water extract of E. acaulis

group IV: hydroalcoholic extract of E. acaulis

group V: alcoholic extract of E. acaulis

group VI: chloroform extract of E. acaulis

group VII: ethyl acetate extract of E. acaulis.

All animals were initially screened for induction of diarrhoea by administering 1 mL of castor oil or 2 g/kg body weight dose of magnesium sulphate. Only animals which developed diarrhoea were selected for antidiarrhoeal studies.

Castor Oil-induced and Magnesium Sulphate-induced Diarrhoea in Rats

Wistar rats weighing 150–200 g were selected and kept for overnight fasting. The potential antidiarrhoeal agents (loperamide, Yashica Pharmaceuticals Ltd., Thane, Maharashtra, India) and test samples (E. acaulis extracts, 500 mg/kg body weight) to be tested were administered orally by gavage. For castor oil-induced diarrhoea, 1 mL of castor oil was administered orally to each animal after one hour after administration of drug/extract. For magnesium sulphate-induced diarrhoea, magnesium sulphate was administered at a dose of 2 g/kg orally to each animal, 30 minutes after administration of drug/extract. All animals were placed in cages, where floor was lined with non-wetting paper sheets of uniform weight. Non-wetting paper sheets were changed every hour up to 6 hours. Characteristic diarrhoeal droppings of every hour up to the 6th hour were recorded after draining the urine by gravity. A numerical score based on stool consistency was assigned. Normal stool was assigned as 1, semi-solid stool as 2 and watery stool as 3. Mean of diarrhoeal droppings passed by treatment groups was compared to control group (Akter et al. 2009, Shilpi et al. 2006, Vogel and Vogel 1998).

Statistical Analysis

The data obtained in the studies was subjected to one way analysis of variance (ANOVA) for comparing different groups with control by Dunnett’s ‘t’ test. p-value <0.01 was considered significant and results were expressed as mean ± SD.

RESULTS

Acute toxicity studies for E. acaulis extracts were performed for extracts of underground plant parts. Extracts of E. acaulis showed neither mortality nor any toxic effect up to the dose of 5 g/kg in 48 hours to 14 days. Behaviour, breathing and cutaneous effects were normal. These results showed that in single dose, there is no acute toxicity of E. acaulis extracts. Therefore, the studied extracts are considered to be safe in acute toxicity studies, since general toxicity dose for rodents is limited up to 2 g/kg/day for rodents and 1 g/kg/day for non-rodents [International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH) 2008].

In castor oil-induced diarrhoea model, E. acaulis extracts showed antidiarrhoeal effect in Wistar rats. Loperamide, the standard antidiarrhoeal drug, was superior in reducing the number of faeces by 70.94%, while among studied extracts, water extract was found to be most effective, reducing diarrhoeal droppings by 60.68%. The least potent antidiarrhoeal effect was observed in ethyl acetate extract, which reduced diarrhoea by 16.24% (Table 1). All the tested extracts significantly (p<0.01) reduced the wet faeces (stool consistency 3) and total number of faeces, when compared to control group using one way ANOVA followed by Dunnett’s ‘t’ test (Table 1).

In magnesium sulphate induced diarrhoea model, the extracts of E. acaulis showed antidiarrhoel effect in Wistar rats (Table 2). Water extract showed 62.10% reduction in faeces, which outperformed slightly compared to the standard antidiarrhoeal drug loperamide which had 71.77% reduction (Table 2). The least antidiarrhoeal effect was observed in chloroform extract with faeces reduction of 17.74% (Table 2). All extracts showed significant (p<0.01) antidiarrhoeal effect in reducing the wet faeces (stool consistency 3) and total number of faeces, when compared to control using one way ANOVA followed by Dunnett’s ‘t’ test.

In both castor oil-induced diarrhoea model and magnesium sulphate-induced diarrhoea model, the order of antidiarrhoeal effect was water extract > hydroalcoholic extract > alcohol extract > chloroform extract > ethyl acetate extract. The difference in activity of these extracts in reducing diarrhoea may be due to the nature and quantity of phytoconstituents present in these extracts.


Table 1: Effect of E. acaulis underground parts extracts on castor oil-induced diarrhoea in Wistar rats.



	Treatment
	Dose (mg/kg, p.o.)

	Mean of wet faeces in 6 hours (n)

	Mean of total number of faeces in 6 hours (n)

	Feaces reduction (%)




	Water
	500

	5.22± 0.78**

	9.2±0.84**

	60.68




	Hydroalcoholic
	500

	8.58±1.13**

	10.6±1.34**

	54.7




	Alcohol
	500

	8.08±0.73**

	10.8±0.84**

	53.85




	Chloroform
	500

	10.38±0.88**

	14.0±1.87**

	40.17




	Ethyl Acetate
	500

	14.98±1.55*

	19.6±2.70*

	16.24




	Loperamide
	3

	5.62±0.90**

	6.8±0.84**

	70.94




	Control
	10#

	19.62±1.02

	23.4±2.07

	–





Notes: **Significant difference at p<0.01 vs. control and p<0.001 vs. control; one-way ANOVA followed by Dunnett’s ‘t’ test

*Significant difference at p<0.01 vs control; no significant difference at p<0.001 vs. control; one-way ANOVA followed by Dunnett’s ‘t’ test

#In mL/kg


Table 2: Effect of E. acaulis underground parts extracts on magnesium sulphate induced diarrhoea in Wistar rats.



	Treatment
	Dose (mg/kg, p.o.)

	Mean of wet faeces in 6 hours (n)

	Mean of total number of faeces in 6 hours (n)

	Feaces reduction (%)




	Water
	500

	4.62 ± 0.47**

	9.4±1.34**

	62.1




	Hydroalcholic
	500

	7.64 ±0.84 **

	10.4±2.51**

	58.06




	Alcohol
	500

	7.96 ±0.55 **

	10.2±1.48**

	58.87




	Chloroform
	500

	9.84 ±0.65 **

	13.2±1.92**

	46.77




	Ethyl Acetate
	500

	14.84 ±0.77*

	20.4±2.07*

	17.74




	Loperamide
	3

	4.46 ±0.51**

	7.0±0.71**

	71.77




	Control
	10#

	21.18 ±0.94

	24.8±1.92

	–





Notes: **Significant difference at p<0.01 vs. control and p<0.001 vs. control; one-way ANOVA followed by Dunnett’s ‘t’ test

*Significant difference at p<0.01 vs control; no significant difference at p<0.001 vs. control; one-way ANOVA followed by Dunnett’s ‘t’ test

#In mL/kg

DISCUSSION

Diarrhoea arises due to an imbalance between the absorptive and secretory mechanisms in the intestinal tract resulting in an excessive loss of fluid in the faeces. In some of the cases of diarrhoea the secretory component predominates, while in others diarrhoea is characterised by hypermotility (Choudhary 2012). Peristaltic activity is inhibited and tone is reduced by activation of sympathetic innervations of the intestines. α2-adrenergic receptor on the parasympathetic terminals may also play role in inhibition of sympathetic nerve resulting in stimulation of gastrointestinal motility by inhibiting release of acetylcholine. Activation of the mucosal α2-adrenergic receptor also controls the balance of absorption and secretion in the ileum. Stimulation of these α2-adrenergic receptor in ileum results in a decline of ion fluxes, which is consistent to the of α2-adrenergic receptor agonist to inhibit intestinal fluid secretion (Kagbo and Eyaru 2011).

Castor oil hydrolysis produces ricinoleic acid, which induces diarrhoea as a hypersecretory response due to changes in the transport of water and electrolytes (Niemegeers et al. 1984; Fioramonti et al. 1983). Ricinoleic acid causes irritation and inflammation of gastric mucosa resulting in release of prostaglandins causing stimulation of secretion (Galvez et al. 1993b; Gaginella et al. 1975). Furthermore, ricinoleic acid also sensitizes intramural neurons of the gut. Adenylate cyclase activation, cyclic adenosine mononucleotide phosphate (cAMP) mediated active secretion (Capasso et al. 1994) and inhibition of Na+, K+-ATPAase activity (Gaginella and Bass 1978) have been postulated as other mechanisms to explain the diarrhoeal effect of castor oil. Water extract successfully inhibited the castor oil-induced diarrhoea, which may be due to reduction in secretion as it was evident from the reduction of total number of faeces in the test groups.

Diarrhoea in rats is also induced by administration of oral magnesium sulphate, which increases the accumulation of fluid in the intestinal lumen and enhances flow from the proximal to distal intestine. This mechanism also involves release of nitric oxide (NO), probably through stimulation of the constitutive form of NO synthase (Izzo et al. 1994). Magnesium sulphate has also been reported to liberate cholecystokinin from duodenal mucosa resulting in increase of small intestine secretions and motility and thereby preventing the reabsorption of water and sodium chloride (Zavala et al. 1998; Galvez et al. 1993a). Water extract was effective in reducing diarrhoea when tests were conducted in magnesium sulphate model. This improvement is expected due to increase in water and electrolyte reabsorption from the gastrointestinal tract.

Tannins and flavanoids have been identified in preliminary phytochemical screening and chromatographic profiles of extracts prepared from underground parts of E. acaulis (Singh et al. forthcoming). Sometimes, phytoconstituents like tannins present in extracts may denature proteins resulting in reduction in intestinal secretion and make it more resistant (Tripathi 2003). Tannins act locally on the gut wall, inhibit intestinal motility and thus possess antisecretory effects (Kumar et al. 2010; Tripathi 2003). Tannins, studied in extracts of Eremomastax speciosa (Acanthaceae) and Cylicodiscus gabunensis (Mimosaceae), stimulate the normalisation of the deranged water transport across the mucosal cells and thus reduce the intestinal transit (Kumar et al. 2010). Tannins present in extracts reduce secretion and make the intestinal mucus resistant by forming protein tannate and this mechanism of action has been postulated for antidiarrhoeal action of various plant extracts, viz. C. gabunensis (Mimosaceae), Zizyphys spinachristi (Rhamnaceae), Xanthium indicum (Compositae), Emmilia cocinea (Asteraceae), Sphaeranthus senegalensis (Asteraceae), Ficus hispida (Moraceae), Cleome viscosa (Capparidaceae) (Kumar et al. 2010).

Flavonoids have been reported to inhibit prostaglandins and autacoids release resulting in reduction of motility and secretion induced by castor oil (Veiga et al. 2001). Methanolic extract derived from the stem bark and diet with fruit pulp of Hymenaea stigonocarpa displayed antidiarrhoeal effect due to presence of condensed tannins and flavonoids (Rodrigues et al. 2012). Therefore, it is proposed that tannins and flavonoids present in extracts of E. acaulis are responsible for the antidiarrhoeal action. The mechanism involved seems to be associated with dual effects on gastrointestinal motility as well as on water and electrolyte transport, decreasing Na+ and K+ absorption across the intestinal mucosa. The extracts of E. acaulis, like loperamide reduced diarrhoea by reducing gastrointestinal motility or by increasing reabsorption of electrolytes and water or by inhibiting induced intestinal accumulation of fluid.

CONCLUSION

Various extracts of E. acaulis were found effective in reducing diarrhoea in Wistar rats in both castor oil- and magnesium sulphate-induced diarrhoea models. It shows that E. acaulis may contain pharmacologically active substances having antidiarrhoeal properties. Phytoconstituent differences among these extracts may be responsible for their differences in antidiarrhoeal potencies. Further studies may be directed to investigate the actual phytoconstitutents responsible for antidiarrhoeal activity of these extracts.
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Preformulation study on the gum of Moringa oleifera was carried out. Various parameters like colour, odour, taste, pH and physical characteristics such as density, angle of repose, hygroscopicity, swelling index, loss on drying, total ash, insoluble matter and solubility were determined using the standard pharmacopoeial procedure. The gum was found to be hygroscopic and organoleptically acceptable. The pH was found to be 5.77 which is ideal for topical use. The gum solution exhibits non Newtonian, pseudoplastic rheological behaviour. It was found to be stable to heat, humidity, light and compatible with verapamil and propranolol hydrochloride. The gum has the potential to be used in different pharmaceutical formulations and food preparations.
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INTRODUCTION

Preformulation study is necessary to formulate dosage forms. This implies that some of the physical chemistry has to be known and this requires determination of physicochemical properties. The approach was so logical, that it became part of official requirements of pharmacopoeias (Wells 2002). The goals of preformulation study (Wells 2002; Niebergall 1985) are to establish physicochemical parameters, compatibility with drugs and safety.

Moringa oleifera is a small genus of quick growing tree distributed in India. The stem of the tree exudes a gum which is initially white in colour but changes to reddish brown or brownish black on exposure to sunlight. It is sparingly soluble in water but swells in contact with water giving a highly viscous solution. It is a polyuronide consisting of arabinose, galactose and glucoronic acid in the proportion of 10:7:2; rhamnose is present in traces (Council of Scientific and Industrial Research 1998). There are reports about the application of M. oleifera gum as gelling agent (Panda et al. 2006), suspending agent (Panda et al. 2007), film former (Panda et al. 2008a), binder and release retardant in tablet (Panda et al. 2008b). The gum has got a high lethal dose (LD50) in mice indicating its safety. Considering these utilities the preformulation study was undertaken (Panda et al. 2007).


METHODS

Isolation of the Gum

The gum was isolated as per the reported method (Panda et al. 2006). All materials used were of analytical grade.

Physical Characteristics

The organoleptic characteristics such as colour, odour and taste were observed. Density was determined using the settling apparatus (British Pharmacopoeia 1988). The angle of repose was determined using the fixed funnel method (Martin, Bustamante and Chun 1994; Eugene and Timothy 1991) and hygroscopicity was determined using the method described by Wadke, Serajuddin and Jacobson (1989). Loss on drying, total ash, insoluble matter, pH and solubility were determined using the standard pharmacopoeial procedure (Indian Pharmacopoeia 1985).

Swelling Index

1 g of gum was mixed with 96% ethanol (sufficient to moisten the gum) followed by the addition of 25 mL of distilled water in a graduated cylinder, shaken every 10 minutes by hand for 1 hour, and allowed to stand for 4 hours. The volume occupied by the swollen gum was determined. Swelling index was expressed as volume in mL occupied by 1 g of the drug after swelling.

Rheological Study

A 1% solution of the M. oleifera gum in water was prepared by sprinkling weighed quantities of the gums into distilled water, corresponding to 3/4th of the final volume of solution, while being stirred using an overhead stirrer. The stirring was continued for 1 hour after the addition was completed. The solutions were kept aside for 24 hours to allow the gums to hydrate and swell completely to its equilibrium value. The volume was made up with distilled water to produce a 1% w/v solution and stirred for an additional 20 minutes to achieve a uniform solution.

Gum solutions having concentrations of 0.8%, 0.6%, 0.4% and 0.2% w/v were prepared by suitably diluting the 1% w/v solution. Diluted solutions were stirred for 20 minutes to achieve a uniform product. The system was stabilised to attain equilibrium viscosity for 10 hours before determination of viscosity was made.

The viscosity of the prepared gum solutions were measured with a Brookfield Synchro-Lectric viscometer (Model RVT, Brookfield Engineering Laboratories Inc., Middleboro, MA, USA) at 25°C in the range 10 to 100 rpm. All the solutions were translucent and appeared like colloidal dispersion.

The 1% w/v of the gum solution was stored for 1 hour at 40°C, 60°C and 80°C and their apparent viscosity was determined at 100 rpm.


Solid State Stability

Stability of the gum to heat, humidity and light was studied (Wadke, Serajuddin and Jacobson 1989). Gum was placed in stoppered glass bottles and stored at 3 different conditions that is 50°C in hot air oven, 40°C and 75% relative humidity in humidity chambers and exposed to light with 400 foot-candles of illumination at ambient humidity for 2 weeks. Any visual change was noted.

Compatibility Study

The compatibility study (Eugene and Timothy 1991; Wadke, Serajuddin and Jacobson 1989) was carried out with verapamil hydrochloride and propranolol hydrochloride using diffusive reflectance spectroscopy [Fourier transform infrared spectrophotometry (FTIR) 8400S, Shimadzu, Kyoto). Infrared spectrum (FTIR 8400S, Shimadzu, Kyoto) was taken by scanning the sample in potassium bromide physical mixture. The samples of pure drug, gum and gum/drug mixture were scanned individually.

RESULTS

The angle of repose was found to be 33°, indicating the poor flowability of the powder. Other physical characteristics like loss on drying and swelling index are shown in Table 1.


Table 1: Gum of M. oleifera preformulation observations.



	Parameter
	Observation



	Colour
	Brownish black



	Odour
	Characteristic



	Taste
	Mucilaginous



	Poured density (g/mL)
	0.71



	Tapped density (g/mL)
	1.23



	Angle of repose
	33°



	Hygroscopicity
	17%



	Swelling index (mL/g)
	19.7



	Loss on drying
	11% w/w



	Total ash
	2.6% w/w



	Insoluble matter
	0.03% w/w



	pH
	5.77



	Solubility
	Sparingly soluble in water forming a viscous solution, practically insoluble in acetone, alcohol and ether



	Heat
	No visual changes



	Humidity
	Aggregation of gum into lumps



	Light
	No visual changes





Figure 1 shows that the gum solutions exhibited non-Newtonian, pseudoplastic rheological behaviour at all concentrations. At low concentration, solutions showed less pseudoplastic behaviour. The viscosity of gum solutions at 0.8% and below changed slightly with increasing shear. The gum solutions did not exhibit any significant thixotropy (Wells 2002; Caerter 1986). The viscosity of the different concentrations of the gum solution (Fig. 2) decreased with increase in temperature.




[image: art]

Fig. 1: Viscosity of gum solution at different shear rates.
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Fig. 2: Viscosity of gum solution at different temperature.




Compatibility Study

The FTIR spectrum (Fig. 3a) of the gum of M. oleifera, produced sharp peaks between 3650–3590 cm−1 is due to stretching vibration of –OH group. The peak between 2936–2916 cm−1 is due to the C-H stretching of arabinose, while the peak between 1730–1740 cm−1 is owing to the presence of aldehyde group of mannose. There are peaks between 1700–1725 cm−1, 3560–3500 cm−1 and 1440–1395 cm−1 indicating the C=O stretching, OH stretching and C=O stretching and OH deformation, respectively, of the glucoronic acid.

The FTIR spectrum of propranolol hydrochloride (Fig. 3b), revealed the presence of peaks at 2965.1 cm−1 due to the presence of a secondary amine group. The peaks at 3283.7 cm−1 was due to the hydroxyl group (secondary). The aryl alkyl ether displayed a stretching band at 1268 cm−1 and the peak at 797.9 cm−1 was due to substituted naphthalene (Fig. 3c).

FTIR spectrum (Fig. 3d) of verapamil hydrochloride is characterised by the absorption of NH group at 3467 cm−1. In spectra of verapamil hydrochloride with gum (Fig. 3e), this band was shifted towards lower frequencies at 3282 and 3280 cm−1, respectively.




[image: art]

Fig. 3: FTIR spectroscopy of: (a) gum of M. oleifera, (b) propranolol HCl, (c) mixture of gum and propranolol HCl, (d) verapamil HCl and (e) mixture of gum and verapamil HCl.




DISCUSSION

The poured density and tapped density of the gum powder are measures to indicate the uniformity of the bulk chemical. They help in selecting proper size of the container, packing material and mixing apparatus in the production of tablets and capsules. They also indicate the compressibility of the powders. The poor flowability of the powder may be due to the presence of large quantity of moisture and the small size of the powder. The surface property may also be responsible for this effect as particles having smooth surface have better flowability than those with rough surface. The powder is hygroscopic, hence care is required during storage and the presence of moisture may be harmful to the moisture-sensitive drugs. The high swelling index indicates the potential of the gum to act as a disintegrant in tablet formulation as well as a release retardant (Koresemeyer et al. 1983). The rheological property of the gum may be attributed to thermodynamic properties such as temperature, molecular weight and structure.

The FTIR spectra (Fig. 3c) of propranolol hydrochloride/gum mixture showed a broadening of peaks at 3283 cm−1 frequency due to extensive hydrogen bonding. Major frequencies of functional groups of pure drug remain intact in drug and gum mixture hence, there is no major interaction between the drug and gum used in the study. In the FTIR spectrum of verpamil hydrochloride and gum, the shift in the band could be due to some sort of interactions between the drug and polymer. These interactions might be due to the intermolecular hydrogen bonding or complexation.

CONCLUSION

The organoleptic properties of the gum of M. oleifera are quite acceptable. Favourable results were found with rheological and compatibility studies. It appears that the gum has the potential to be used as an excipient in different pharmaceutical formulations.
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Clozapine (CLZ) is an atypical antipsychotic agent used in the management of schizophrenia. It exhibits extensive first pass metabolism with poor oral bioavailability (27%–50%) limiting its therapeutic efficiency. The present study involved an attempt to enhance its aqueous solubility by formulating as solid dispersions (SDs) using sodium starch glycollate (SSG) as a carrier. The dispersions were formulated by dispersion method and evaluated by phase solubility, drug content, in vitro release and mathematical modelling. Solid state characterisation of samples was carried out by X-ray diffraction (XRD), differential scanning calorimetric (DSC), Fourier transform infrared spectrophotometry (FTIR), near infrared (NIR), Raman analysis and wettability studies. The phase solubility and thermodynamic parameters indicated the spontaneity and solubilisation effect of carrier. The release rate from the dispersions was higher than pure drug and found to increase with an increase in carrier content. The optimised dispersions were selected based on release studies, profiles and dissolution parameters. XRD, DSC, FTIR, NIR and Raman analysis proved the crystallinity reduction, changes in crystal quality and compatibility between drug and carriers. Wettability studies proved the increased wettability in selected dispersions. Based on the findings, possible mechanisms that would have contributed to dissolution enhancement of CLZ were suggested. Such findings could be extrapolated to enhance the aqueous solubility of other poorly water-soluble drugs.

Keywords: Solid dispersions, Sodium starch glycollate, Crystallinity, Wetting

INTRODUCTION

Modern drug discovery techniques result in increasing number of highly lipophilic drug candidates. More than 40% of compounds identified as potential drugs are classified as poorly soluble. Slow dissolution of such drugs results in poor oral bioavailability. Improvement of oral bioavailability and solubility behaviour of poorly water-soluble drugs is still one of the most challenging aspects of drug development (Panchagnula and Thomas 2000). Based upon their permeability characteristics, the biopharmaceutics classification system (BCS) categorises such drugs into two major classes, i.e., Class II and IV. The BCS Class II drugs are poorly water-soluble entities with high permeability. Attempts to enhance drug solubility of these therapeutic agents correlate well with enhancement in their bioavailability (Lipinski 2002).

Various methods have been introduced to enhance the bioavailability of poor water-soluble drugs, which can be summarised as the methods used with physical and chemical modifications (Hamsraj, Vikram and Moorthy 2006). Decrease in the particle size, modification of the crystal habit, complexation, dendrimers for drug solubilisation, spray drying, nano approaches, use of surfactants and drug dispersions in carriers [eutectic mixtures, solid dispersions (SDs) and solid solutions] are among the methods used in physical modification. The application of soluble pro-drugs and salt formation is the most frequently used methods in chemical modification. The preparation of SDs has become one of the most active areas of research in pharmaceutical field to improve the bioavailability of poorly soluble drugs (Krishnaiah 2010).

SD is defined as a dispersion of one or more active ingredients in an inert carrier or matrix in solid state prepared by a melting (fusion), solvent or melt-solvent method. Dispersions obtained through a fusion process are often called melts, and those obtained by solvent method are frequently referred to as co-precipitates or co-evaporates. On the basis of their fast-release mechanisms, SDs are classified in to six representative types: (a) simple eutectic mixtures, (b) solid solutions, (c) glass suspensions, (d) amorphous precipitates in crystalline carriers, (e) compounds or complexes and (f) combinations of the previous five types (Serajuddin 1999).

This technique provides a means of reducing particle size to a nearly molecular level, offers a variety of processing and excipients options that allow for flexibility when formulating oral delivery systems of poorly water soluble drugs with significant reduction in dose and cost. It has been widely demonstrated that hydrophilic carrier dissolves rapidly exposing the drug particles to dissolution medium as fine particles for quick dissolution and absorption (Ansu and Jain 2011; Serajuddin 1999).

Clozapine (CLZ) is an atypical antipsychotic agent with a molecular weight of 326.8 g/mol and log P of 2.5. CLZ functions by blocking dopamine receptors (D4, and to a lesser extend D1 and D2) thereby countering schizophrenic effects. It is rapidly absorbed but exhibits an extensive first pass metabolism having two metabolites with minimal pharmacological activity, with oral bioavailability of about 27%–50%. It is highly lipophilic and highly bound to plasma protein (97%). Its main adverse effects include agranulocytosis which is mainly associated with its high dose. Frequent blood monitoring is very essential in treatment with CLZ to avoid such complications (Dinunzio and Williams 2008; Cheng, Illum and Davis 2000; Jann 1999). Of late, few attempts to enhance the aqueous solubility and dissolution of CLZ have appeared in literature with various carriers.

The selection of carriers in formulating SDs plays a significant role in development of successful dosage forms without major limitations in formulation processing at large scale. Polymers, superdisintegrants, surfactants are extensively studied in recent years for dissolution enhancement of drugs (Ansu and Jain 2011).

Superdisintegrants belong to the recent class of pharmaceutical excipients used widely in food, confectionary and pharmaceuticals. They owe their function to their hydrophilic nature. Several insoluble drugs have been shown to exhibit improved aqueous solubility, dissolution rate and oral absorption when formulated as SDs utilising such carriers (Rajshree et al. 2007; Caramella 1990).

The primary objective of the present work is to enhance the aqueous solubility of CLZ by dispersing in sodium starch glycollate (SSG) and to investigate the mechanism of drug release through mathematical modeling and solid state characterisation.

METHODS

CLZ was procured ex-gratis from M/s Orchid Pharma Ltd. (Chennai, India). SSG, microcrystalline cellulose [directly compressible (DC) grade], magnesium stearate, potassium dihydrogen orthophosphate and sodium hydroxide were all procured from M/s SD Fine Chemicals Ltd. (Mumbai). All the other reagents used were of analytical grade.

Phase Solubility Studies

The effect of SSG on aqueous solubility of CLZ was investigated using phase-solubility method (Arias, Gines and Moyano 1996; Higuchi 1965). Twenty five mg of CLZ was added to distilled water containing various concentrations of SSG at different drug: carrier ratio (i.e., 1:1, 1:2, 1:4, 1:6, 1:8 and 1:10). The solutions were placed in screw capped bottles, sealed and shaken in Orbital incubator shaker (Remi Lab Equipments, Mumbai) for 24 h at 37°C and 24°C. The container with pure drug and water was used as control. After the study period the solutions were filtered through 0.45 µm membranes, suitably diluted and analysed spectrophotometrically (UV Vis 1700 spectrophotometer, Shimadzu, Kyoto) at 237 nm. The solubility of CLZ in various carriers was calculated using the standard curve [optical density (OD) = 0.0772 × concentration + 0.0039]. Subsequently, the data was subjected to phase solubility analysis to calculate various thermodynamic parameters like Gibbs free energy (ΔG), enthalpy (ΔH) and entropy (ΔS) (Singh et al. 2007).

Phase Solubility Data Analysis (Biswal et al. 2008; Singh, Naveen and Katare 2007)

Stability Constant

The value of apparent stability constant, Ka between drug–carrier combinations were computed from the phase solubility profiles using the equation (Eq.) (1):

[image: art]

The values of Gibbs free energy, ΔG were calculated by following Eq. (2):
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where,

R – gas constant (8.313 J/mol K)

T – temperature (K).


Enthalpy

The enthalpy change in the physical mixture systems was calculated from Van’t Hoff equation and on rearrangement enthalpy, ΔH is calculated from Eq. (3):
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where,

dT – difference in temperature (K).

Entropy

The entropy, ΔS of the system was calculated from the Gibbs free energy and enthalpy of the physical mixtures by using the following Eq. (4):
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Preparation of SDs

A series of SDs were prepared by keeping the level of CLZ constant and varying the ratio of SSG in samples. The drug: carrier ratios were 1:1, 1:2, 1:4, 1:6, 1:8 and 1:10. CLZ was dissolved in acetone to form a clear solution. The carrier was powdered well in a mortar. The CLZ solution was then poured on to the powdered carrier with constant trituration. The wet solid mixture was dried at 60°C for 6 h in hot air oven. The dried mass was kept in dessicator for 12 h. Next, the dried mass was powdered and sifted through sieve no. 100 (SS Pharma Equipments, Mumbai). The samples was then stored in dessicator until further use (Chowdary and Rao 2000).

Drug Content Determination

Weighed amount of SDs (equivalent to 25 mg of CLZ) was dissolved in 10 mL of 0.1 N HCl. The solution was filtered using Whatman Filter paper (0.45 µm, 13 mm, Whatman, Pittsburgh, USA) and further diluted such that the absorbance value was within the standard curve range. The content was estimated spectrophotometrically (UV-1700, Shimadzu, Kyoto) at 237 nm using standard curve.

In vitro Dissolution Studies

The in vitro dissolution of SDs was determined at 37±0.5°C employing United States Pharmacopeia (USP) apparatus Type II (M/s. Campbell Electronics, Mumbai) at 50 rpm using acetate buffer pH 4.6 (900 mL) as the dissolution medium [Food and Drug Administration-Center for Drug Evaluation and Research (FDA-CDER) 2007]. Dissolution studies were performed on CLZ (50 mg) and SDs (equivalent to 50 mg of CLZ). The samples (5 mL) withdrawn at specific time intervals were diluted and analysed spectrophotometrically at 239 nm. The withdrawn sample was replenished with equal volume of fresh dissolution medium to maintain sink condition. The content of CLZ was calculated from the standard curve [OD = 0.0696 × concentration – 0.0039, R2 = 0.9987, p>0.001]. Three such determinations were carried out for each formulation.

Dissolution Data Analysis

Dissolution Parameters

The following dissolution parameters are calculated (Cirri et al. 2007, 2004; Gohel et al. 2007; Gohel, Parikh and Mukesh 2000) from the dissolution data. The amount of drug released at 5 min and 30 min was taken as Q5 and Q30 values.

Dissolution Efficiency

It can be defined as the area under the dissolution curve up to a certain time. It is estimated using the trapezoidal method and is expressed as a percentage of the area of the rectangle divided by the area of 100% dissolution in the same time. Percent dissolution efficiency (%DE) was calculated by using Eq. (5). It was computed to compare the relative performance of various carriers in solid dispersion formulations (Khan 1975).
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Y is the percent drug release as the function of time and t is the total time of drug release. Y100 is 100% drug release.

Relative Dissolution Rate (RDR)

It is the ratio of the drug released from the samples with respect to pure CLZ at specific time intervals like 5 min (Q05) and 30 min (Q30).

Dissolution Rate Constant (DRC)

A plot of log percentage drug unreleased versus time was drawn and the slope was calculated using MS-Excel 2007 computer programme. Dissolution rate constant was calculated from the slope by using Eq. (6):
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The time taken by the samples to release 50% and 85% of drug are taken as dissolution half-life (t50%) and t85% respectively (Cirri et al. 2004).

Fitting of Release Kinetic Model

The in vitro drug release data were fitted in to various release kinetic models viz. Zero order, First order, Higuchi (Higuchi 1965, 1963), Hixson-Crowell cube root (Hixson and Crowell 1931) and Korsemeyer–Peppas model (Ritger and Peppas 1987; Peppas 1985) employing the following set of equations (Eq. 7–11):


Zero order model
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First order model
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Higuchi model
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Hixson Crowell model
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Korsemeyer-Peppas model

[image: art]

Where Mo, Mt and M∞ correspond to the drug amount taken at time equal to zero, drug dissolved at a particular time, t and infinite time, respectively. The terms W0 and Wt refer to the weight of the drug taken initially and at time, t, respectively. Various other terms viz. k, ko, k1, k1/3 and K refer to the release kinetic constants obtained from the linear curves of the Korsemeyer-Peppas, Zero order, First order, Hixson Crowell cube root law and Higuchi equation, respectively (Hamid et al. 2006; Costa and Lobo 2001).

Selection of Optimised Dispersions

Based on in vitro release data, release profiles and dissolution parameters namely amount released at different time intervals like Q05 and Q30, %DE, RDR, dissolution rate constant (DRC), t50 % and t85%, the best releasing samples were selected from the lot.

Solid State Characterisation

X-ray Diffraction Studies

Powder X-ray diffraction (XRD) patterns were traced by employing X-ray diffractometer (Philips, Cambridge, England) for drug, physical mixtures at 1:1 ratio and selected SDs using Ni filtered Cu K (α) radiation, a voltage of 40 kV, a current of 20 mA and receiving slit of 0.2 inch. The samples were analysed over 2Ø range from 2°C–50°C at the rate of 2°C per min at 0.02° at 2Ø step size.


Differential Scanning Calorimetry Studies

Differential scanning calorimetric (DSC) analysis of CLZ, carrier and selected SDs were carried out on the samples using differential scanning calorimeter (Q 10 DSC TA, Instruments, Waters Inc., Newcastle, USA) with liquid nitrogen accessory. The analysis was performed under purge of nitrogen gas (50 mL/min). High purity indium was used to calibrate the heat flow and heat capacity of the instruments. Sample (5–10 mg) placed in flat bottomed aluminium pan was firmly crimped with lid to provide an adequate seal. Sample was heated from ambient temperature to 400°C at pre-programmed heating rate of 10°C/min.

Fourier Transform Infrared Spectroscopic Studies

Fourier transform infrared (FTIR) spectroscopy was employed to further characterise the possible interactions between drug and the carriers in solid state on an FTIR spectrophotometer (Jasco-FTIR-1700, Tokyo) by the conventional KBr pellet method. FTIR spectra of CLZ, carriers, along with their physical mixtures (1:1) and optimised SDs (from each carrier) were analysed in a similar manner. Physical mixtures were prepared by blending individual component in glass mortar.

Near Infrared Analysis

Near infrared (NIR) analysis spectra of drug and selected samples were recorded in FTIR spectrometer (Jasco-FTIR-1700, Tokyo) in diffuse reflectance mode (DRS). The samples were scanned in the wavelength range of 800–2000 nm and absorbance was measured in transmittance mode.

Confocal Raman Spectroscopic Analysis

The Raman spectra of samples and drug were recorded in Confocal Raman spectrophotometer [WITEC Alpha 300, Confocal Raman Nd: YAG laser (532 nm), Tennessee, USA].

Wetting Studies

Formulation of Tablets

The tablets of CLZ and optimised SDs were formulated using 25 mg of pure CLZ and SDs equivalent to 25 mg of CLZ. Sufficient quantity of microcrystalline cellulose (diluent) and magnesium stearate (lubricant) was added and mixed well in a mortar. The mixture was directly compressed in a 10-station rotary tableting machine (Rimek Ltd., Mumbai) at a compression pressure of 5 kg/cm2. Each tablet weighed around 350 mg.

Wetting Time Studies

Circular tissue papers (10 cm in diameter) were placed in a petri dish. Ten mL of water containing 0.5% methylene blue (a water-soluble dye) was added to the petri dish and a tablet was carefully placed on the surface of the tissue paper at ambient temperature. The time required for water to reach the upper surface of the tablets and to completely wet them was noted as the wetting time. These measurements were carried out in replicates of three. Wetting time was recorded with digital watch (Mohapatra, Parikh and Gohel 2008; Adel, Semreen and Mazen 2005).

Water Absorption Ratio

The weight of the tablet prior to placement in the petri dish was noted (Wb), utilising a Metler Toledo Digital (Greifensee, Switzerland) balance. The wetted tablet was removed and reweighed (Wa). Water absorption ratio, R, was then determined using the following equation (Sunilkumar et al. 2007; Fukami et al. 2006):
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In vitro Tablet Dispersion Studies

A tablet was added to 10 mL of acetate buffer pH 4.6 at 37°C. The time required for complete dispersion was noted. Three such determinations were carried out (Mohapatra et al. 2008).

Statistical Evaluations

The relevance of difference in the in vitro dissolution profile and pharmacokinetic parameters was evaluated statistically. The data were tested by two way analysis of variance using Systat Statistical Software, Bangalore, India.

RESULTS

Phase Solubility Studies

The phase solubility parameters (Table 1) showed a linear increase in drug solubility with increased carrier levels and temperature. The values of apparent stability constant (Ka) were computed and all the values of Gibb’s free energy were negative (Table 2) and associated with negative enthalpy and positive entropy at all levels of carrier.

Dissolution Rate Studies

The dissolution rate of CLZ was found to be low (about 54) and nearly 45% of the drug remained unreleased in the dissolution study period (1 h). SDs formulated with SSG showed a higher release rate (87.34%) than CLZ. The release profiles of SDs are illustrated in Figure 1. The release rate of CLZ was found to show a linear increase with an increase in carrier level in all SDs.

For comparative analysis of all SDs, the parameters, the amount of drug released at Q05 and Q30, %DE60, RDR at 5 and 30 min, DRC, t50% and t85% values were compared (Table 3). The value of %DE60 was enhanced from a low value of 12.80 for CLZ to a high value of 76.62% for CLZ-SSG systems. The t50% and t85% values were found to be more than 60 min (for pure CLZ) whereas the values of the sample SDs was found to be less than that of CLZ. The %DE was found to increase whereas t50% was found to decrease with an increase in the amount of carrier in SDs and this phenomenon was illustrated in the form of correlation plots (Fig. 2). The dissolution efficiency and t50% data showed a significant difference among the test products (p<0.05).

Furthermore, the parameters like the amount of CLZ released (mg) at Q05 and Q30, and RDR were found to increase whereas DRC, t50% and t85 % values (min) were found to decrease with an increase in carrier content.

Release Kinetic Model Fitting

The in vitro release data of samples were fitted in to various kinetic models and the data are shown in Table 4. The goodness of fit for various kinetic models was assessed for SDs.

Solid State Characterisation

To investigate the mechanistic of dissolution rate enhancement of CLZ from its SDs, the most promising SDs (CLZ-SSG) was subjected to the solid state characterisation studies.

X-Ray Diffraction Analysis

X-ray diffractogram of CLZ, SSG, physical mixtures (1:1 ratio) and optimised SDs (CSSG10) are compared in Figure 3. Numerous distinctive sharp, narrow peaks appeared in CLZ diffractogram at 10.5, 17.4, 19.7 and 23.7 at 2θ positions, with high peak heights indicating the crystalline nature of CLZ (Sridhar et al. 2011; Qian et al. 2008; Aminabhavi and Agnihotri 2004). The amorphous nature of carriers was indicated by presence of few distinct peaks in carrier spectra.


Table 1: Phase solubility data of CLZ-SSG physical mixtures.



	Drug carrier
	Solubility (mg/100 mL)




	25°C

	37°C




	01:00
	1.819

	2.270




	01:01
	2.401

	3.886




	01:02
	2.450

	4.257




	01:04
	3.849

	5.569




	01:06
	4.765

	6.188




	01:08
	5.000

	6.683




	01:10
	5.619

	7.302






Table 2: Thermodynamic parameters of CLZ-SSG physical mixtures.
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Note: Temp – temperature, Ka – stability constant, ΔG – Gibbs free energy, ΔH – enthalpy, ΔS – entropy


Table 3: Dissolution parameters of CLZ-SSG SDs.
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Notes: Values in parenthesis indicates standard deviation, Q05 – amount released at 05 min, Q30 – amount released at 30 min, DE – dissolution efficiency, DRC – dissolution rate constant, RDR – relative dissolution rate at specific time intervals, t50% – dissolution half-life, t85% – time taken to release 85% of drug from dispersions


Table 4: Release kinetic parameters of CLZ-SSG SDs.
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Differential Scanning Calorimetry Studies

The thermograms of optimised SDs compared with carrier and CLZ are shown in Figure 4. A sharp narrow endothermic peak appeared at 187.20°C in thermogram of CLZ with high peak area and enthalpy value.

It was observed that the endothermic peak of CLZ was found to reduce in all optimised dispersion thermograms. The peak intensities of the optimised dispersions are compared (Table 5) with that of CLZ.
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Fig. 1: Dissolution profiles of CLZ-SSG SDs compared with pure CLZ.

Note: All data points represent the mean of 3 values, n=3
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Fig. 2: Correlation plot of %DE and dissolution half-life of CLZ-SSG SDs compared with pure drug.

Note: All data points represent the mean of 3 values, n=3, ▲– %DE and Δ – t50%
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Fig. 3: XRD spectra of pure CLZ, SSG, physical mixtures (PM) at 1:1 ratio and selected SD (CSSG10).
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Fig. 4: DSC thermograms of pure CLZ, SSG and selected SD (CSSG10).




Table 5: DSC peak parameters of CLZ and selected SDs.



	Batch
	Onset (°C)

	Peak (°C)

	Area (mJ)

	ΔH (J/g)




	CLZ
	183.69

	187.20

	150.060

	50.020




	CSSG10
	181.61

	183.68

	7.790

	3.387





Fourier Transform Infrared Spectroscopic Analysis

The FTIR spectra of CLZ, physical mixtures and all SDs are compared in Figure 5. The spectra of CLZ showed the following characteristic peaks: 3294 cm−1 (N-H stretching), 2968 and 2931 cm−1 (aliphatic C-H stretching); 1590 and 1551 cm−1 (C=N stretching), 1462 and 1431 cm−1 (aromatic C=C stretching); 820 cm−1 (C-Cl stretching) (Sridhar et al. 2011; Masareddy, Kadia and Manvi 2008).
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Fig. 5: FTIR spectra of pure CLZ, physical mixtures (PM) at 1:1 ratio and SDs CSSG1, CSSG2, CSSG4, CSSG6, CSSG8 and CSSG10.




Near Infrared Analysis

The NIR spectra of CLZ and optimised SDs (CSSG10) are compared (Fig. 6). The prominent peaks of CLZ were found to appear at 1590 and 1430 nm (Sridhar et al. 2011; Qian et al. 2008).
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Fig. 6: NIR spectra of pure CLZ and selected SD (CSSG10).



Raman Analysis

The Raman spectra of CLZ and selected SDs are compared in Figure 7. The characteristic peaks of CLZ was found to appear at 3421, 2948, 2441, 2124, 1773, 1294, 483 and 335 cm−1 (Sridhar et al. 2011; Qian et al. 2008).
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Fig. 7: Raman spectra of CLZ and selected SD (CSSG10).




Wettability Studies

The wetting time, water absorption ratio and in vitro dispersion time of pure CLZ and the optimised SDs were compared (Table 6). The water absorption ratio was found to be low (12.80) due to its high hydrophobicity. It was also noticed that tablets prepared with CLZ did not show any sign of structural changes and its compactness was maintained throughout the study. These observations clearly indicate the high hydrophobicity and poor wettability of CLZ (Sridhar et al. 2011; Masareddy, Kadia and Manvi 2008).

DISCUSSION

The phase solubility results were computed and given in Tables 1 and 2. The slopes of straight linear relationship between concentration of carrier and solubility is indicative of the solubilising efficiency of carrier (Biswal et al. 2008; Levine 2007; Singh, Naveen and Katare 2007) and spontaneity of the solubilisation process. The enhancement of drug solubility in hydrophilic carrier was also attributed to its co-solvency effect. Hydrophilic carriers are known to interact with drug molecules mainly by electrostatic forces like Van der Waals forces and occasionally by other types of forces like hydrogen bonds and this would have led to the formation of weak soluble complexes. These findings were found to be in accordance with the well-established formation of weak soluble complexes (Biswal et al. 2008).

Drug Content

The drug content in samples (98%–103%) clearly indicates the uniform distribution of drug in dispersions and suitability of the method used for its formulation.

Dissolution Rate Studies

The dissolution of CLZ from its SDs was found to be higher than CLZ. The dissolution enhancement could be related to micronisation of drug particles on the large surface area of carrier. The unique fibrous nature of SSG acts as hydrophilic channel to facilitate water uptake in to the dispersions and due to this the total contact area of drug with the dissolution medium increases enormously, resulting in increased wettability and high release rate. It was also suggested that the carrier also form a hydrophilic diffusion layer around the drug particles changing the surface hydrophobicity of drug particles in the medium (Ganesh et al. 2008; Balasubramaniam et al. 2002).

Increased dissolution of CLZ from SDs could also be ascribed to micronisation of drug particles on large surface area of carrier, change in crystal quality, prevention of aggregation or agglomeration of drug particles in dissolution medium, solubilisation effect of carrier and augmentation of aqueous solubility by SSG (Ganesh et al. 2008; Sunilkumar et al. 2007). These postulations were well supported by the results of water uptake and wettability studies. It was noticed that there was significant difference (p<0.05) in release rate between the pure CLZ and SDs with varying concentration of carrier. Hence, it can be inferred that the samples are different in their formulations.

On analysing and comparing the release rate, release profiles and various dissolution parameters of all SDs, it was noticed that SDs with highest concentration of SSG was selected as the best releasing sample (CSSG10) from the lot. The dissolution parameters were found to fit aptly for the findings of the in vitro release studies (Ganesh et al. 2008; Balasubramaniam et al. 2002).

Release Kinetic Model Fitting

The results of kinetic analysis indicated that the Korsemeyer Peppas model described the drug release kinetics in the most befitting manner than other models for the samples. Further, the values of diffusion exponent “n” obtained from the slopes of the Korsemeyer–Peppas Model, ranged between 0.21–0.35 which clearly indicates the Fickian diffusion characteristics as the values of “n” were found to be lower than the standard value i.e. 0.45. The correlation was also found to be statistically significant with the Korsemeyer-Peppas model. The fitting of the release data and the findings was found to be in consonance with the possible mechanisms suggested for higher release rate from the dispersions. The hydrophilic polymer on absorbing the dissolution medium forms a hydrophilic diffusion layer around the drug particle and the drug has to diffuse across the hydrophilic layer to reach the bulk of dissolution medium. These observations were found to be in accordance with the earlier published reports (Ganesh et al. 2008; Sunilkumar et al. 2007; Hamid et al. 2006; Costa and Lobo 2001).

Solid State Characterisation

X-ray Diffraction Analysis

The presence of numerous distinctive sharp, narrow peaks in CLZ diffractogram indicated the crystalline nature of CLZ (Sridhar et al. 2011; Qian et al. 2008; Aminabhavi and Agnihotri 2004). The amorphous nature of carriers was indicated by presence of few distinct peaks in carrier spectra.

The peaks in physical mixture spectra of CLZ with SSG at 1:1 ratio were found to be in the same positions as that of CLZ suggesting that the drug was preserved as such in physical mixture and lack of interaction between drug and the carrier. The diffraction spectrum of SDs vis-a-vis drug, carrier and physical mixture indicates the changes produced in crystal structure of CLZ. It was observed that the prominent peaks in optimised SDs spectra exhibited reduced intensity with broad base and high full width half maximum (FWHM) values than the corresponding peaks of CLZ. Relative reduction of diffraction intensity of CLZ peaks in optimised SDs vis-a-vis physical mixtures at these angles suggests that either the quality of the crystals is reduced, or a change is induced in the crystal orientation. These observations clearly confirm the change in crystal quality or crystallinity reduction in CLZ drug molecule. This factor might have assisted in increasing the dissolution rate of CLZ (Rajshree et al. 2007).

Differential Scanning Calorimetry Studies

A sharp narrow endothermic peak at 187.20°C with high peak area and enthalpy value in CLZ thermogram indicated its high crystalline nature (Sridhar et al. 2011; Aminabhavi and Agnihotri 2004). A broad single halo endothermic peak in carrier thermograms proved its amorphous nature (Sridhar et al. 2011; Aminabhavi and Agnihotri 2004).


It was noticed that the peak height, peak area and enthalpy values of the optimised SDs were found to be less than the peak properties of CLZ. From these findings, it can be inferred that the drug’s crystal quality or crystal orientation might have changed or phase transition would have occurred in the drug molecule during the formulation process. These structural changes in the drug molecule would have assisted in enhancing the release rate of CLZ from SDs (Ansu and Jain 2011; Leuner and Dressman 2000).

Fourier Transform Infrared Spectroscopic Analysis

The FTIR spectra of CLZ, physical mixtures and all SDs are compared (Fig. 5) and it was noticed that prominent peaks at 2968 and 2931 cm−1 (aliphatic C-H stretching); 1590 and 1551 cm−1 of CLZ were present in physical mixture and in sample SDs. These findings indicate the absence of interaction between drug and carrier. Thus, these results confirm the compatibility between drug and the carrier used in formulation of SDs.

It was also noticed that the sharpness of peaks at 3294 cm−1 was found to reduce and bands at 2967 and 2931 cm−1 (aliphatic C-H stretching and OH stretching) were found to be broader in nature as the amount of carrier was increased in all SDs. The infrared spectral behaviour of SDs may be attributed to change in crystal quality of CLZ or due to change in the orientation of crystal lattice of CLZ. Thus, the FTIR spectral study results conclude that some structural changes had taken place in drug molecule without any interaction between drug and the carrier. These changes would have played a significant role in enhancing the drug release from dispersions (Ganesh et al. 2008; Rajshree et al. 2007).

Near Infrared Analysis

The prominent peaks (Fig. 6) of CLZ at 1590 and 1430 nm (Sridhar et al. 2011; Qian et al. 2008) were found to appear in sample SDs too, but with increased broadness and slight shift towards the lower wavelength. These findings indicate the reduction of crystallinity and a slight change in crystal quality of CLZ in SDs. It was suggested that this phenomenon would have played a key role in improving the dissolution rate of CLZ from its SDs (Ansu and Jain 2011).

Raman Analysis

From the Raman spectra (Fig. 7) of CLZ and sample SDs, it was observed that the prominent peaks of CLZ at 3421, 2441, 1773, 484 and 339 cm−1 were present in spectra of optimised SDs. This indicated the compatibility between drug and the carrier. The prominent peak at 2124 cm−1 in CLZ was present with broader base and slight shift toward their lower wave numbers. These observations also prove the crystallinity reduction in drug molecule when dispersed in such carrier. These conclusions were found to correlate well with the published reports of similar works (Biswal et al. 2008; Singh, Naveen and Katare 2007; Craig 2002).

Wettability Studies

The wetting time and in vitro dispersion time (Table 6) of optimised SDs were found to be much lower than corresponding values of CLZ (more than 60 min). These findings prove the increased wettability in optimised SDs. The water absorption ratio of the selected SDs was also found to be higher than CLZ and these observations clearly confirm the water absorption potential of the carrier. These observations may be owed to the nature of hydrophilic carrier used in the formulation of SDs and it also provides a clear insight in to the role of such carrier in dissolution enhancement process (Ganesh et al. 2008; Sunilkumar et al. 2007; Zhao and Augsburger 2005).

Mechanisms for Enhanced Release

Based on the various characterisation technique findings, the following possible mechanisms were postulated for increased release rate of CLZ from it SDs in diverse carriers viz. solubilisation effect of the hydrophilic carriers, particle size reduction, change in surface hydrophobicity due to carriers, change in crystal quality or disorientation of CLZ crystal lattice and increased wettability of hydrophobic drug particles (due to increased water absorption by the hydrophilic carriers). The foresaid mechanisms were found to be in accordance with earlier published reports utilising such hydrophilic carriers (Ansu and Jain 2011; Krishnaiah 2010; Masareddy et al. 2008; Rajshree et al. 2007; Craig 2002; Corrigan 1985).

CONCLUSION

The water-soluble carrier SSG investigated in the current study enhanced the solubility and dissolution characteristics of the poorly soluble drug CLZ to varying degrees, as a function of carrier concentration. The Korsemeyer–Peppas model most aptly fits the in vitro dissolution data and gives an insight into the possible drug release mechanisms invariably predominated by Fickian diffusion. Solid state characterisation studies clearly provide an opportunity to understand the underlying mechanism and the factors involved in enhancement of CLZ release from its binary systems.
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