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3.1. MATERIALS 

3.1.1. Experimental Animals  

Wistar albino rats were selected for all the experiments. As per requirement, adult 

animals, weighing from 100±10 g to 150±15 g, were procured from authorized animal 

distributors (M/s Ghosh Enterprise, Kolkata and M/s Somenath Chakraborty Enterprise, 

Kolkata, INDIA) following ethical permission and were kept in the Departmental Animal 

House facility. 

3.1.2. Experimental Plant Materials 

Aloe vera is a naturally occurring plant in the sub-Himalayan region of West Bengal. 

The naturally grown plant leaves were collected from the campus of University of North 

Bengal and adjoining areas. The plant leaves were collected throughout the year as per 

requirement during the experimental tenures and were used immediately following collection 

to ensure fresh usage of the plant product. The identification of the Aloe vera has been done 

in the Taxonomy Laboratory of the Department of Botany, University of North Bengal and a 

specimen sample has been submitted to Departmental herbarium of the Department of 

Botany (Accession number: NBU09884).  

3.1.3. Drugs and Chemicals 

The drugs and chemicals used for different experiments have been described in the 

appropriate sections of methodology. All the chemicals used for different experiments were 

molecular biology grade. The kits were procured from different vendors and were used 

following the manufacturers’ advice. Any modifications made during the procedure have 

been mentioned in the respective method sections. 
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3.2. METHODS 

3.2.1. Animal Maintenance & Handling 

In the animal house, the room temperature was controlled at 24±2°C; day/night cycle 

of 12h/12h was maintained and animals were fed with standard pellet food obtained from 

authorized vendors. Water was provided ad libitum. All animals were acclimatized for a 

period of at least 7 to 10 days before the initiation of the experiments. Five or fewer rats were 

kept per cage during the entire incubation and experimental period. Paddy husk was used as 

animal bedding material and was changed at a regular interval of 2 days. For the 

experiments, oral feeding of the plant product was done with the help of oral gavages. The 

animals were kept in starvation for about 3 h prior to feeding. The feeding was scheduled to 

be in the same time of each day during experiment. The procedures related to the 

maintenance of animals have been modified following NCLAS, Hyderabad provided 

guidelines [14.139.60.56/icmr/nclas.htm]. The experiments were subjected to two different 

animal ethical committee permissions under the Institutional Animal Ethical Committee 

(IAEC, Department of Zoology, University of North Bengal. The first phase of the study was 

supported by ethical committee approval number 840/ac/04/CPCSEA for the period of 2013-

2018; the following part of the work was supported by ethical committee approval number 

IAEC/NBU/2018/02 for the period of 2018-2020 [ANNEXURE II]. 

3.2.2. Preparation of Plant Extract 

3.2.2.1. Preparation of aqueous and alcoholic extract and dose determination 

 The Aloe gel was separated from the green leafy outer layer with the help of a sterile 

spatula and was weighed in a balance. The amount of the gel was then mixed with a known 

amount of water or methanol in a weight/volume manner (generally in a ratio of 1:5 or 1:3). 

The mixture was homogenized properly using a 10 ml glass homogenizer till the mixture 

becomes slimy and devoid of any solid structure. The homogenized product was kept at room 

temperature for 10 minutes. This was followed by centrifugation of the homogenized mixture 

at a slow speed of 400 rpm for 5 minutes. This process removes all the cellular debris which 

precipitates as a pellet. The clear supernatant was collected for each feeding schedule. The 
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process was repeated every day before feeding the experimental animals, to ensure the 

consumption of fresh Aloe gel by the model animals. 

 The aqueous crude, as well as methanolic crude extractions of Aloe vera gel was 

prepared keeping in mind the ways of consumption of Aloe gel by the ethnic people (Morton 

1961, Shedoeva et al., 2019). The traditional knowledge of Aloe gel consumption was kept in 

mind during the preparation of the plant extract to be consumed. In traditional practices, Aloe 

vera gel, which is the fleshy parenchymal layer devoid of any green external part, is collected 

every day and usually consumed freshly without any further processing.  Storage of the 

whole leaves was done in refrigerator at 4-6°C occasionally, but the time of storage never 

exceeded 3-4 days. Empirically, a normal human weighing 60 kg could normally consume 

about 25 g of gel in a regular manner on a daily basis. Direct consumption of a plant product 

also indicates that all the constituents of the plant enter the body system in its natural 

proportion. Considering all these facts we simply prepared Aloe gel homogenate in distilled 

water or methanol where all the constituents can be mixed in the solvent naturally as they 

remained in the Aloe gel.  

For the assessment of toxicological properties, in the acute and sub-chronic toxicity 

tests, the Aloe vera gel homogenate doses were considered following the OECD guidelines 

(OECD guideline 425, adopted December, 2001) or other standardized protocols. For the 

acute toxicity assessment, following the OECD guideline, a highest dose of 5g/ kg body 

weight (b.w.) of Aloe vera gel was orally introduced in the experimental animals following 

the guideline. For sub-chronic toxicological property assessment, the doses were 1 g/kg b.w., 

2 g/kg b.w. and 4 g/kg b.w.  

In the in vivo anti-inflammatory as well as in the anti-arthritic potential assessment, 

the doses used for feeding Wistar albino rat was considered to be 25 g  of Aloe vera gel/60 kg 

b.w. (designated as Low Dose group or LD) and 50 g of Aloe vera gel/60 kg b.w. (designated 

as High Dose group or HD). In all the experiments mentioned in this work, if any 

experiment-specific doses were used, the specific doses were explained in that respective 

section. The LD corresponds to 0.40 g of Aloe vera gel homogenate / kg b.w. and HD 

correspond to 0.80 g of Aloe vera gel homogenate / kg body weight. For example, a rat 
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weighing 150 g will consume 60 mg and 120 mg of Aloe vera gel corresponding to LD and 

HD. 

3.2.2.2. DETERMINATION OF TOXICOLOGICAL PARAMETERS OF PLANT 

EXTRACT 

3.2.2.2.1 Acute toxicity test  

Acute toxicological experiments were performed according to the well established 

OECD guideline 425 (Adopted on 17th December 2001; acute oral toxicity study in rodents). 

In the acute toxicological experiment, Wistar albino rats of both the sexes were clustered into 

three groups; each contained 6 rats (3 males and 3 females). The first group or Positive 

Control (PC) contained normal animals, which were not fed with Aloe vera gel homogenate; 

the other two were the experimental groups, TA1 and TA2 (Toxicity Acute dose 1 and 

Toxicity acute dose 2) consisted of animals those were fed with 2 and 5 g of Aloe crude 

gel/kg b.w. respectively, homogenized in distilled water. The animals were kept under fasting 

overnight prior to feeding on the next day with a single dose of the gel homogenate. The 

observed characters included mortality rate, secretion of saliva, body fur irritation, change in 

sleep/ dizziness, lethargy and diarrhea. Animals were observed for the next 24 h. This day-

long observation was further extended up to seven-day long monitoring for cataloguing any 

sort of toxicological effects.  

3.2.2.2.2. Sub-chronic toxicity test 

For the determination of sub-chronic toxicity, four groups of the animals were 

considered. Each group contained 6 rats each (3 males and 3 females). The first group was 

Positive control (PC); the second, third and fourth groups were T1, T2, and T3 (Toxicity 

doses 1, 2 and 3) respectively, were the treatment groups. The animals of T1, T2 and T3 were 

assigned for a 28 day-long daily feeding schedule of Aloe vera gel homogenate at the 

concentrations of 1, 2, and 4 g/kg b. w., respectively once a day. After completion of the 28 

day-long experimental schedule, the animals were sacrificed under anaesthesia following 

CPCSEA, India guideline. Blood from each animal was collected separately by heart 
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puncture. The clear serum was collected by allowing the blood samples to clot at room 

temperature for a time period of 45 minutes following a low speed (400 g) centrifugation. 

Hemoglobin was measured immediately after blood collection. All the experiments 

were performed according to the standard guidelines with minor modifications (Ping et al, 

2013; Sharif et al, 2015). For the tissue histology, kidney and liver tissues were collected 

from the animal, were fixed in 4% formalin and were subjected to histological slide 

preparation through microtomy. Sections were prepared at a thickness of 5 µm. The slides 

were then stained in hematoxylin-eosin and were observed under a microscope and organ 

sections were compared between different dose groups and PC. The microscopic 

observations were done at 10X and 40X magnification under light microscope (Nikon 

Eclipse E200, Tokyo, Japan) and photographs were taken by the photographic system of the 

instrument under the same magnifications. 

The serum biochemical parameters of all rat groups were assessed in detail. Serum 

enzymatic parameters, including alkaline phosphatase (ALP), aspartate transaminase 

(SGOT), alanine transaminase (SGPT),  triglycerides, serum high density lipoprotein (HDL-

D), low density lipoprotein (LDL-D),  cholesterol and creatinine were measured using the 

appropriate assay kits, following the manufacturers’ instructions provided with the Coral 

Biosystem’s (Goa, India) product-specific user manual. All spectrophotometric assays were 

performed using in a UV-VIS or VIS spectrophotometer (RayLeigh, China; Systronics 105, 

India). 

ALP activity was measured following modified Kind and King’s method (Kind & 

King, 1954) using ALP kit from Coral Clinical systems, India. The kit comprised of L1 

(Buffer reagent), L2 (Substrate reagent), L3 (colour reagent) and S (Phenol standard; 10 

mg/dl). The experiment comprised of Blank, Standard, Control and Treatment groups. 

Initially, 1.05 ml distilled water, 1.0 ml of L1 reagent, 0.10 ml of L2 reagent was added 

together and incubated for 3 minutes at 37°C. Blank group received neither serum sample nor 

S, allowed to stand for 15 minutes at 37°C and then L3 was added. Standard group received 

0.05 ml of S (phenol standard) and was allowed to stand for 15 minutes and L3 was added. 

Control group was allowed to stand for 15 minutes at 37°C and then 1 ml L3 and 0.05 ml of 
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sample was added. In the test group, 0.05 ml of serum sample from each animals of all the 

groups were added to the initial mixture and then was allowed to stand for 15 minutes at 

37°C. Following incubation, 1.0 ml of L3 was added. The activity of the ALP is measured in 

K.A. units following the mentioned formula: 

                           
                                          

                                             
    

SGOT testing kit (modified IFCC method; Coral clinical systems, India) comprises of 

L1 (enzyme reagent) and L2 (starter reagent) reagents. 0.8 ml of L1 reagent was mixed with 

0.2 ml of serum sample at room temperature, incubated for 1 minute and then 0.2 ml L2 

reagent was added. The components were mixed well and absorbances were measured 

initially, after 1, 2 and 3 minutes. The mean absorbance was calculated as ΔA/ min (ΔA= 

change in absorbance). The SGOT activity was measured as U/L using the formula ΔA/ min 

× 952. 

Serum SGPT was measured using kit from Coral clinical systems, India (modified 

IFCC method) following the manufacturer’s protocol which was similar to serum SGOT 

testing kit. 

Serum triglyceride was measured following manufacturer’s protocol using GPO/PAP 

method (Coral clinical systems, India). The kit comprised of enzyme reagents L1 and L2 and 

triglyceride standard (200 mg/dl). 4 parts of L1 was added with 1 part of L2 which constitute 

the working reagent. The experiment comprised of Blank, Test and Standard groups. In the 

Blank group, 1.0 ml of working reagent was mixed with 0.1 ml of distilled water; in the 

Standard group, 1.0 ml of working reagent was added with 0.01 ml of S (triglyceride 

standard); in the Test group, 0.5 ml of serum collected from each of the rats of all the groups 

were added separately with 1.0 ml of working reagent. All the mixtures were incubated for 5 

minutes at room temperature. Triglyceride concentration in the serum was measured in mg/dl 

considering the Blank as zero.  
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Serum HDL-D of different rat groups was measured using HDL-D Cholesterol kit 

following direct enzymatic method  (Coral clinical systems, India). The kit consisted of 

Reagent 1 (L1), Reagent 2 (L2) and calibrator (C).Experiment consisted of one Blank group, 

one Control group and Test groups containing serum samples from the experiment groups. 

All the groups contained 375 µl of L1 reagent. Control received 5 µl calibrator and Test 

groups received 5 µl of serum from all the animals separately. The mixtures were incubated 

for 5 minutes at 37°C and absorbance (A1) of Test samples and Control group was estimated 

against Blank. 125 µl of L2 was then added and the samples were again kept for incubation 

at 37°C for 5 minutes. Absorbance was again taken for all the samples (A2). The change in 

the absorbance for test samples is ΔAT and for the calibrator samples are ΔAC. The 

estimation of HDL-D was done as follows: 

               
Δ  

Δ  
                                 

Where, 

ΔAT = A2 of test sample – A1 of test sample, 

ΔAC = A2 of control sample – A1 of control sample 

 

Measurement of serum LDL-D was similar to that of the HDL-D cholesterol 

following direct enzymatic method. 

The amount of cholesterol in the serum was measured following CHOD/PAP method. 

The kit was procured from Coral clinical systems, India. The kit contained 3 reagents namely 

enzyme reagent 1 (L1), enzyme reagent 2 (L2) and cholesterol standard (200mg/dl). 4 units 

of L1 were mixed with 1 unit of L2 prior to use and working reagent was prepared. For the 

experiment, one Blank group, one Standard group and one experimental group was prepared. 

Experimental group contained serum from each of the animals from all the groups. All the 

reaction mixtures contained 1ml of working reagent. Blank received 0.010 ml of distilled 

water, Standard group received 0.010 ml of standard cholesterol and experimental groups 

received 0.010 ml of serum. The mixture was incubated for 15 minutes at room temperature. 
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The amount of cholesterol in the serum was measured from the absorbance of the Test 

samples and Standard against the Blank using the following formula 

                     
                   

                      
     

Serum creatinine was measured following alkaline picrate method (Coral clinical 

systems, India) (Lustgarten and Wenk, 1972). The kit contained picric acid reagent (L1), 

buffer reagent (L2), creatinine standard (2 mg/dl).The experiment consisted of a Blank 

group, a Standard group and experimental groups. Prior to the experiment, for the 

experimental groups, 2.0 ml of L1 was mixed with 0.2 ml of serum sample obtained from 

animals of different group and was mixed well; centrifuged at 2500-3000 rpm for 10 minutes 

to obtain a clear supernatant. 1.1 ml of this supernatant was mixed with 0.1 ml of L2 and kept 

at room temperature for exactly 20 minutes. Similarly, for the Standard group, L1 was mixed 

with creatinine standard, centrifuged and supernatant was collected, mixed with L2 and kept 

for 20 minutes at room temperature. For blank group, L1 was directly added with L2 and 20 

minute incubation was done. All the mixtures were measured at 520 nm in spectrophotometer 

(Beijing Rayleigh, China) against Blank. The serum creatinine concentration was measured 

in g/l using the following formula 

                  
                   

                      
   

3.2.2.2.3. MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide]  Assay 

The cytotoxic effect of the Aloe vera gel homogenate was assessed through MTT (3-

(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. The assay was 

performed on peritoneal macrophages and splenocytes isolated from Wistar albino rat. One 

healthy  adult rat was sacrificed under proper anaesthesia, following CPCSEA, India 

guideline and the spleen was collected. Peritoneal macrophages were collected from the 

peritoneal exudates by flushing the peritoneum with chilled RPMI-1640 media. The 

splenocytes and macrophage cells suspended separately in phosphate buffer saline (PBS) 

were counted under a light microscope and the volumes were adjusted to obtain a 

concentration of 2 X 10
6

cells/ml which were considered as the stock cell suspensions. The 
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two different cell suspensions, namely, of the splenocytes and macrophages, were subjected 

to two different experimental setups. 

For each type of cell suspension, two experimental groups (M1 and M2) and a 

positive control group (PC) were considered. The experiment was done in accordance to the 

manufacturer’s protocol provided with EZcount
TM

 MTT assay kit (HiMedia Laboratories, 

India). Two different sterile 96 well plates for considered for two different cell suspensions; 

one plate for experimentation of MTT assay of splenocyte cell suspensions and another plate 

for the experimentation of MTT assay for macrophage suspensions. The two experimental 

groups (M1, M2) and the positive control group (PC) were arranged in three columns, each 

column having 6 replicates of the concerned group. Hundred microlitre (100 μl) of the stock 

cell suspension was added each of the wells of M1, M2 and PC. Twelve microlitre (12 μl) of 

the nutrient supplement containing 50 U/ml penicillin, 50 U/ml streptomycin, 50U/ml 

nystatin and 10% FBS were added to the wells. For the experimental groups, 50 μl of Aloe 

vera gel homogenate containing 60 mg of Aloe gel was added to all 6 replicates of M1 and 

50 μl of Aloe vera gel homogenate containing 120 mg of Aloe gel was added to all 6 

replicates of M2. Fifty microlitre (50 μl) of distilled water was added to the wells designated 

with PC. Ten microlitre (10 μl) of MTT was then added to all the wells of all the three 

groups, and then were incubated for 4 h in 25°C inside an incubator. The experimental set up 

has been described in the following table (Table 3.1). Absorbance was measured at 570 nm 

(Shang et al, 2007; Dey et al, 2013) using BioRad I Mark microplate reader, BioRad, USA. 
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Table 3.1. The requirements of the three experimental groups, each having six 

replicates arranged column-wise on a 96-well plate. Separate plates were used for 

macrophage and splenocyte suspensions. 

M1 [6 wells in a row] M2 [6 wells in a row] PC [6 wells in a row] 

100 μl of the stock cell 

suspension (Marcophage or 

splenocyte) 

+ 

12 μl of the nutrient 

supplement 

+ 

10% FBS 

+ 

50 μl plant homogenate 

containing 60 mg Aloe gel 

+ 

10 μl MTT 

100 μl of the stock cell 

suspension (Marcophage or 

splenocyte) 

+ 

12 μl of the nutrient 

supplement 

+ 

10% FBS 

+ 

50 μl plant homogenate 

containing 120 mg Aloe 

gel 

+10 μl MTT 

100 μl of the stock cell 

suspension (Marcophage or 

splenocyte) 

+ 

12 μl of the nutrient 

supplement 

+ 

10% FBS 

+ 

50 μl distilled water 

+ 

10 μl MTT 

3.2.2.2.4. Molecular Docking tests for toxicity determination 

To find the elaborated details of the interactions of the gel constituents with the host 

body protein, molecular docking analyses of some selected Aloe vera gel constituents was 

done with some selected toxicologic and analgesic marker proteins of the experimental 

animal body. The Aloe vera gel constituents were well explored through GC-MS analysis in 

previous works undertaken by different authors. Depending on the variations that may occur 

during sample preparation and variations of the phyto-constituents vis-a-vis seasonal and 

geographical changes, 10 major potent bioactive molecules were selected for in silico study. 

These were acetophenone, aloe-emodin, azelaic acid, β-sitosterol, cholestanol, hydro-p-

coumaric, hypoxanthine, oleic acid, salicylic and squalene (Saljooghianpour and Javaran, 

2013). 

All protein structures were retrieved from a protein data bank 

(http://www.rcsb.org/pdb/home). The selected proteins were aspartate transaminase, 

glutamate dehydrogenase, alanine transaminase, alkaline phosphatase and a model docking 

protein hepatitis Bx was also considered. Docking was performed using Auto Dock Vina, 

USA (Trott and Olson, 2010). To dock the proteins with the gel constituents, the X, Y and Z 
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dimensions were chosen to be 100 for aspartate transaminase, glutamate dehydrogenase, 

hepatitis B viral protein (Hepatitis Bx); and 80 for alanine transaminase, alkaline 

phosphatase. Center Grid Box had been chosen to fit the protein. The exhaustiveness was 

preset to 8. Each concerned protein was made ready by water molecule removal and by 

adding polar water. Gasteiger charges were added to all the proteins depending on 

electronegativity equilibration. The non-polar hydrogens were merged. Gasteiger charges 

were calculated for the respective ligands as well. All the torsions were set free to rotate. The 

image was generated by the Auto Dock Vina and binding energy interpretation was done by 

the same software. 

3.2.2.2.5. Solubility analysis for toxicity and bio-availability 

The basic solubility analyses of the Aloe gel constituents were determined in silico. 

The aforementioned ten compounds, discussed in section 3.2.2.2.4, were assessed for their 

different solubility properties. Log P and Log S values for the compounds were estimated 

using ALOGPS 2.1 (Tetko and Tanchuk, 2002] which is maintained by the Virtual 

Computational Chemistry Laboratory at http://www.vcclab.org/lab/alogps/. Log P is the 

logarithm of the partial coefficient which is defined as the ratio of the concentration of a 

solute between two solvents specifically for unionized solutes. Log S value is a unit stripped 

logarithm (base 10) of the solubility measured in mol/L. Online assistance from 

Chemcalize.org beta (http://www.chemicalize.org/) maintained by ChemAxon, Hungary was 

accessed to compute the log D values of the gel components at physiological blood plasma of 

pH 7.4. Log D is the distribution coefficient, is the ratio of the sum of the concentrations of 

all forms of the compound (both ionized and un-ionized) in each of the two immiscible 

phases. 

3.2.3. ASSESSMENT OF ANTI-INFLAMMATORY POTENTIAL 

3.2.3.1. In vitro Anti-inflammatory Tests 

In vitro membrane stabilizing activity and protein denaturation-inhibition tests are 

well established assays to measure the role of a subject drug against inflammatory response 

of the cell membrane.  
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Collection of blood and preparation of erythrocyte suspension for in vitro membrane-

stabilizing experiments:  

Three millilitre (3 ml) of fresh blood was collected in an EDTA vial from a healthy 

human volunteer who did not take any NSAID at least 15 days prior to the experiments. To 

prepare the erythrocyte suspension, the anti-coagulant mixed blood was centrifuged at 3000 

rpm for 10 minutes. The supernatant was measured with the help of a 1ml micropipette and 

was discarded; the pellet was retained. Normal saline (0.9%) equivalent to that of the 

discarded supernatant was added to the tube and the RBC pellet was dissolved into it by 

shaking carefully. Vigorous shaking was avoided to reduce the RBC lysis. The obtained 

solution was washed for 3 times in the similar manner. After the washing process, the 

amount (in ml) of normal saline containing RBC in solution was measured and mixed with 

isotonic buffer solution (pH 7.4) in a ratio of 40: 60. The reconstituted RBC suspension was 

the stock erythrocyte suspension (hRBC) suspension. This was stored at 4°C prior to the 

experiments. (Anosike et al., 2012) 

The membrane stabilizing activities of Aloe vera gel homogenate was assessed by the 

method of Shinde et al. (1999) with some minor modifications. 

3.2.3.1.1 Hypotonic solution-induced (hypotonicity-induced) hemolysis test for 

membrane stability assessment  

This experiment requires two different sets of solutions, one containing distilled water 

as a hypotonic solution and the other contains isotonic buffer. The protection of RBC 

membranes breakage in hypotonic situation is calculated compared to that in the isotonic 

solution, both in presence of Aloe vera gel homogenate. In one set of test tubes, Aloe vera gel 

was homogenized in 5 ml of distilled water (used as hypotonic solution) to attain a series of 

final concentrations of 600, 800 and 1000 µg of gel/ml. In another set of tubes, Aloe vera gel 

was homogenized in 5 ml of isotonic buffer (pH 7.4) solution to achieve similar graded final 

doses (600, 800, 1000 µg/ml). In standard group, Indomethacin (200 µg/ml) was used as a 

standard drug. Indomethacin of mentioned concentration was added to 5 ml isotonic buffer as 

well as to hypotonic distilled water in separate tubes. Control tubes contained only 5 ml of 

hypotonic solution (distilled water) and no plant product or standard drug was added. 100 µl 
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of stock erythrocyte suspension was then added to all the tubes including control and 

standard drug groups and mixed properly. After gentle mixing, the mixtures were incubated 

for 1 h at 37°C. After incubation, the mixture was centrifuged at 1300 g for 3 minutes in 

room temperature. The absorbance values (OD) of the supernatants were measured at 540 

nm. The experiments were carried out in triplicates for all the groups. The percentage of 

inhibition of hemolysis was calculated considering the hemolysis occurring in the hypotonic 

solution or distilled water of the control tubes to be 100%. Thus the percentage of inhibition 

(PI) of hemolysis was calculated using the following equation – 

       
       

       
       

Where,  

OD1 = Absorbance of test sample in isotonic solution  

OD2 = Absorbance of test sample in hypotonic solution (distilled water) 

OD3 = Absorbance of control sample in hypotonic solution (distilled water) 

 

3.2.3.1.2. Heat-induced  hemolysis test for membrane stability assessment 

For this test, one untreated control group, three experimental plant extract-treated 

groups and one standard drug group were considered. The experiments were carried out in 

triplicate pairs for each group. Firstly, control group contained only 5 ml of distilled water 

(vehicle). In the experimental groups, plant extracts were dissolved in isotonic phosphate 

buffer solution (pH 7.4) at a final concentration of 600, 800, 1000 µg/ml. The standard drug 

group contained indomethacin in 5 ml of isotonic buffer solution at a final concentration of 

200 µg/ml. Then, 100 µl of stock erythrocyte suspension was added to each tube and mixed 

properly. The tubes were then incubated at 54
°
C for 20 minutes in a regulated water bath. 

After incubation, the mixture was centrifuged at 1300g for 3 min in room temperature and 

the supernatant was collected separately. Absorbance values (OD) of supernatant was 

measured at 540 nm. The percent inhibition (PI) of hemolysis was calculated using the 

following equation (Tatiya and Saluja, 2011): 
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Where, 

OD1 = Absorbance of heated test sample (isotonic buffer) 

OD2 = Absorbance of heated control sample (distilled water) 

3.2.3..1.3. Protein denaturation-inhibition test for membrane stability assessment 

The protein denaturation-inhibition test was done by the established protocol of 

Mizushima and Kobayashi, (1968) with some minor modifications to investigate the protein 

denaturation-inhibiton activity. Hen’s egg albumin freshly collected was used as protein 

source. The 5 ml reaction mixture comprised of 0.2 ml of egg albumin, 2.8 ml of PBS (pH 

6.4). The rest of the amount (2ml) consisted Aloe vera gel homogenate (in experimental 

groups), distilled water (in the control group) or standard drug (standard drug group). 2 ml of 

various concentrations of Aloe vera gel homogenates was added to experimental groups 

which finally gave rise to 600, 800, 1000 µg/ml dose groups. 2 ml of distilled water was 

added to the control group instead of plant homogenate. Diclofenac sodium was used as 

standard drug. In the standard drug group, 2 ml of the drug was added in the mixture to 

achieve a final concentration of 100 µg/ml was added. The reaction mixture was then 

incubated at 37°C for 15 minutes in an incubator and then the mixture was heated at 70°C for 

15 minutes in a regulated water bath. The resulting solution was cooled down to room 

temperature and the turbidity of the solution was measured spectrophotometrically at 660 

nm. The percentage of inhibition (PI) of protein denaturation was calculated using the 

following equation (Gupta et al., 2015): 

    
         

   
     

where, OD1 = Absorbance of heated test sample; 

OD2 = Absorbance of heated control sample 
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3.2.3.2. In vivo anti-inflammatory tests 

3.2.3.2.1. Cotton Pellet-induced Granuloma test 

Cotton pellet-induced granuloma formation was standardized in the laboratory with Wistar 

albino rat, which is a well established acute inflammatory model. This method was adopted 

from Penn and Ashfold (1963). Sterilized cotton pellets weighing 25 ± 1 mg were implanted 

subcutaneously in the rats  under mild ether anesthesia (Balasubramanian et al., 2005). 

Cotton pellets were implanted dorsally on one side of the vertebral column of each rat 

through a subcutaneous narrow tunnel of approximately 1cm long, which was made using a 

blunt forceps following a small skin incision using a sterile scissor. The opening of the skin 

was stitched and antiseptic medication was applied thereafter. 

Four groups of animals, each comprising of 5 rats, were selected for the experiment. 

The positive control group (PC) was kept without any treatment of cotton pellet insertion. All 

the three other groups received subcutaneous cotton pellet implants. A standard group (STN) 

was considered for the experiment in which animals were fed with indomethacin, an anti-

inflammatory drug, at a concentration of 4 mg/kg body weight. Third and fourth groups were 

experimental groups namely, Low Dose (LD) and High Dose (HD), treated with selected 

doses of Aloe vera crude gel homogenates as described earlier (section 3.2.2.1; paragraph 4). 

The experimental animals were sacrificed on the 8th day and the granuloma was operated out 

from the body (Mishra et al, 2011). All the granulomas were kept in the hot air over at 60°C 

for about 24 h till those were completely dried. The dry weight of each granuloma was 

measured using a sensitive weighing balance. 

3.2.3.2.2. Carrageenan-induced paw swelling test 

In the carrageenan-induced acute-inflammatory experiment, 1% carrageenan 

(Himedia, India) solution was injected in the inter-plantar region of the left hind paw (Winter 

et al, 1962). A total of 5 groups were considered for the experiment, each containing 5 male 

rats. Positive control or PC contained all the normal rats who did not receive carrageenan, 

whereas all the other groups received carrageenan injection in the interplantar region of the 

left hind paw. The two treatment groups were designated as Low Dose (LD) and High Dose 
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(HD), where pre-selected Aloe vera gel crude homogenate doses were injected as described 

earlier (section 3.2.2.1; paragraph 4) in the rat peritoneum, 30 minutes prior to the 

carrageenan injection in the paw. One standard drug group (STN) was considered as the 

fourth experimental group, where animals received indomethacin injection as per the 

standardized protocol (Gupta et al., 2006) in the peritoneum at a dose of 10 mg/kg b. w. 30 

minutes prior to carrageenan injection in the hind paw (Gupta et al., 2006). A Negative 

control group (NC) was also considered for the experiment where the 1% carrageenan 

injection was done in the paw but no treatment was provided to the animals. (Winter et al., 

1962; Srinivasan et al, 2001). The paw circumference (see section 3.2.4.1.1) was measured in 

all the groups before the carrageenan injection; at an interval of 1 h starting after 30 minutes 

of the injection up to 3 h 30 mins. In brief, the paw circumference measurements were taken 

at 0h, 0.5h, 1.5h, 2.5h, and 3.5h. The Percentage of Inhibition (PI) was calculated among the 

final data values of experimental groups and NC using the following equation:  

    
                                         

             
     

where V
t 

= final reading of paw circumference, V
0 

= Initial reading of paw 

circumference (Foyet et al, 2011). 

3.2.3.3. Statistical analysis  

All statistical analyses for in vitro anti-inflammatory tests were done using GraphPad 

prism ver 6.01. All the data were represented as mean ± S.E.M. (Standard Error Mean) and 

were analyzed with one-way ANOVA followed by Dunnett’s multiple comparisons test. The 

results were considered statistically significant at P<0.05 compared to the control group 

(distilled water). The *** denotes significance value at P<0.001. 

3.2.4. ASSESSMENT OF ANTI-ARTHRITIC POTENTIAL 

3.2.4.1. FCA induced arthritic rat model 

Wister albino male rats (150 ± 15 g) were considered as the experimental animals for 

the experiments. Adjuvant induced Arthritis (AIA) model using Freund’s Complete Adjuvant 
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(FCA) was used in the chronic inflammatory model development. The method has been 

described by Bendele et al., (1999). Briefly here, all the animals were injected an amount of 

0.1ml of FCA in the left hind paw at the subcutaneous region. The animals were 

administered the same dose of 0.1ml FCA again on the same region to boost up the immune 

response on the 14th day. 

Animals were divided into 4 groups, each containing 10 rats. The first two groups 

were considered as the control groups. Among them, one group was considered as untreated 

positive control (PC) which received neither FCA injection nor Aloe vera gel oral treatment. 

The other group was considered as arthritic control or FCA control (abbreviated as FCA for 

FCA-control Animals) in which only FCA injection was given but no treatment was 

administered. The third and the fourth groups were experimental groups (LD and HD). These 

groups were treated with pre-selected Aloe vera gel doses as described earlier (section 

3.2.2.1; paragraph 4) following FCA injection. Five rats from all the groups were sacrificed 

on the 21st day of experiment, while the rest were sacrificed on the 28th day. From the 

sacrificed animals, blood was collected separately in EDTA-vials for blood cell count and 

haemoglobin estimation; blood was collected in 2 ml centrifuge tubes to isolate serum 

through clotting for the assessment of serum biochemical parameters. The left hind paws of 

all the animals of 4 groups were dissected out after the sacrifice and were subjected to 

subsequent radiological and histological analyses. 

3.2.4.1.1. Biometric studies 

Measurement of paw circumference: 

Measurement of paw circumference was done with the help of a vernier caliper and 

circumference was measured using the formula: 2π [√(A
2
+B

2
)] /2, where A and B are 

measures of diameter at two different planes of paw (Fig. 3.1) taken with the help of Vernier 

Caliper. (Rathore et al, 2007; Paquet et al, 2012). 
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Figure 3.1. Simplified diagram of side-view and palm-side view of rat hind paw (A and B) showing 

the two planes considered for the measurement of paw circumference (in mm). A and B were 

measured by using vernier caliper. 

Radiological imaging of paw joint: 

The separated hind paws from each animal group were considered immediately for 

radiological study. The separated legs were exposed to X-ray for 3 sec with 50kV tube 

potential and 50mA tube intensity (Allengers-325; India). The machine processed images 

were visually assessed to identify bone joint deformities. 

Histological studies: 

Separated paw joint samples were cleaned; skin was removed surgically and the bone 

joint was preserved in 4% formaldehyde. As the joint contained different tissues including 

bones, cartilages, muscles and other internal soft tissues, decalcification of the hard tissues 

were done. Decalcification was done by keeping the samples in 3% HCl for 4 days. It was 

Side view of rat hind paw 

Palm-side view of rat hind paw 

 

A 

B 
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followed by paraffin block preparation following standard protocols. Histological sections 

were made along the longitudinal plane of the joint axis as shown in the following figure 

(Fig. 3.2) and were stained in hematoxylin-eosin stain following standard protocols. 

 

Figure 3.2. The diagrammatic presentation of longitudinal section of hind paw joint of a rat showing 

the plane of the joint axis selected for histological section preparation (indicated using blue arrow).  

3.2.4.1.2. Hematological studies: 

Hematological parameters included RBC total count, WBC total count done manually 

under a microscope using a hemocytometer. Haemoglobin estimation was done using Sahli’s 

hemoglobinometer. The RBC and WBC count was done using the Neubauer haemocytometer 

(Fig.3.3). The haemocytometer contains 9 chambers each of 1× 1 mm (1 mm
2
) arranged in a 

3 × 3 matrix. Each chamber is divided into 4 × 4 smaller chambers each having an area of 

0.25 × 0.25 mm (0.0625 mm
2
). These chambers are used to count the WBCs. At least 4-6 

chambers are to be counted from all the four corners of the slide and multiplied accordingly 

(Fig. 3.3). The central smaller chambers are again subdivided into 5 × 5 smallest chambers 

(0.05 × 0.05 mm (0.0025 mm
2
). The smallest chambers are used to count the RBCs. 

Randomly; at least 4-6 smallest chambers are to be observed to count the number of RBCs 

and are multiplied accordingly. The counting chambers are grooved in the haemocytometer 

in such a manner that when the cover slip is placed over the slide, it provides a 0.1 mm free 
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space between the cover slip and the slide. Hence, there is a 0.1mm
3
 volume in each of the 9 

large chambers. In the blood collecting pipettes (RBC pipette for RBCs and WBC pipette for 

WBCs), the blood enters the pipette by sucking the blood in using mouth. On the pipette, the 

blood is then diluted by sucking diluting fluids up to the marked levels of the pipettes. The 

diluting fluids are formol-citrate for RBCs (20 times dilution) and 3% acetic acid for WBCs 

(20 times dilution). The blood is then mixed properly inside the pipette chambers. Following 

mixing, pipette is placed at the corner of the cover slip positioned over the slide 

(haemoglobinometer) at an angle of 45°. The spreading of blood in the space between 

coverslip and slide takes place due to capillary action. Separate slides for counting RBCs and 

WBCs were used. Once the blood is distributed on the slide, the counting can be done under 

binocular light microscope at 100X magnification. The calculation for the RBCs and WBCs 

were done using the following formula:  

Number of RBCs in 1 mm
3 

blood = XRBC (Number of RBCs in the total smallest squares) × 

50 (multiplication factor to obtain RBC number in 1mm
3 

blood) × 200 (dilution factor). 

Number of WBCs in 1mm
3 

blood = XWBC (Number of WBCs in the total small squares) × 

10 (multiplication factor to obtain WBC number in 1mm
3 

blood) × 20(dilution factor). 

 

Figure 3.3. Representative illustration showing counting chambers of haemocytometer showing the 

RBC counting chambers (smallest squares marked in green highlighted with blue circle) and WBC 

counting chambers (large squares in the corners marked in red). Counting was done by randomly 

selecting chambers to minimize sampling errors.    
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3.2.4.1.3. Serum Biochemical studies: 

Total protein was estimated by Coral Total Protein Kit (Coral Clinical Systems, Goa, 

India) (Biuret method) according to the manufacturer’s protocol. The kit contained biuret 

reagent and protein standard (8g/dl). Twenty microlitre (20 µl) of serum from each 

experimental animal were mixed with 1ml of reagent, incubated for 30 minutes. The OD of 

the experimental groups was measured against that of the standard group which contained 20 

µl of standard protein mixed in 1 ml biuret reagent, prepared and incubated in a similar 

process.    

Total albumin estimation was done using the Coral Total Albumin Kit (Coral Clinical 

Systems, Goa, India) (BCG method). The kit contained bromocresol green (BCG) reagent 

and albumin standards (4g/dl). Ten microlitre (10 µl) of serum from each experimental 

animal were mixed with 1ml of BCG reagent and was kept for 5 minute incubation. The OD 

of the experimental groups was measured against that of the standard group which contained 

10 µl of standard albumin mixed in 1 ml BCG reagent and incubated for 5 minutes.  

Serum ceruloplasmin estimation was done using p-phenylenediamine oxidase activity 

spectro-photometrically (Sunderman and Namato, 1970). For the estimation of 

ceruloplasmin, 0.2 mol/l sodium acetate solution, 0.2 mol/l acetic acid solution, sodium azide 

solution (1.5 mol/l) and buffered p-phenylenediamine (PPD) solution (27.6 mmol/l) were 

prepared. Sodium acetate solution and acetic acid solution were mixed to produce acetate 

buffer solution in a ratio of 43 ml: 7 ml and 40 ml of distilled water was added into the 

mixture. The mixture was incubated at 37℃ water bath; pH 5.45 was adjusted at 37℃ by 

adding sodium acetate or acetic acid solutions. For the experiment, two tubes for each 

experimental animal were considered; one designated as Reaction (R) tube and the other 

designated as Blank (B) tube. In both the tubes, 2 ml of acetate buffer solution and 100 µl of 

serum were added. The mixtures were placed in 37℃ water bath and 1 ml of PPD solution 

(pre-warmed in 37℃) was added to both and kept in 37℃ water bath for 5 minutes while 

avoiding exposure to lights. After the process, 50 µl of sodium azide solution was added in 

the tube B. Both B and T tubes were then incubated in the water bath for 30 minutes. 

Following the 30 minute water bath incubation, 50 µl of sodium azide solution was added to 
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the tube R. The samples were taken out from the water bath and the absorbance was 

measured in 530 nm using spectrophotometer (Beijing Rayleigh, China). The calculation for 

the concentration determination of ceruloplasmin (g/dl) remains AR - AB× 0.752 (where AR = 

Absorbance value of sample R and AB = Absorbance value of sample B)   

The levels of serum creatinine were measured spectrophotometrically by studying 

reactions between creatinine and alkaline picrate using kit procured from Coral clinical 

systems, India. The protocol has been mentioned in the section 3.2.2.2.2.  

3.2.4.2. Statistical analysis 

All statistical analyses were done using the Kyplot version 2.0 Beta and GraphPad 

prism 7.0. In statistical analysis, the data represented mean ± SEM which was analyzed by 

one way ANOVA. The results were considered significant when p≤0.05. 

3.2.5. REAL-TIME QUANTIFICATION OF CYTOKINES AND BIOMARKERS 

RELATED TO ARTHRITIS 

3.2.5.1. Real time-Quantitative PCR method for the relative expression study of some 

selected cytokines and biomarkers 

The experimental design for the assessment of the expression change of cytokines and 

other biomarkers were similar to that of the in vivo anti-arthritic potential assessment of Aloe 

vera gel homogenate (section 4.1) except that the animal numbers per group was 6 per group. 

On the 28
th

 day, all the animals were sacrificed and blood was collected separately. Total 

RNA was isolated using Trizol (Invitrogen, USA) following the manufacturer’s protocol. 

Initially, 0.750 µl of TRIzol
TM 

LS reagent was added per 0.250 µl of sample blood in 

a microfuge tube. The mixture was incubated in the room temperature for 5 minutes. 200 µl 

of chloroform was added to the tube and was mixed by shaking; again incubation was done 

in room temperature for 15 minutes. Following the incubation, the aqueous phase was 

collected in a 1.5 ml tube and500 µl 100% chilled isopropanol was added to the tube. The 

mixture was incubated at room temperature for 10 minutes. Following incubation, 

centrifugation was done at 13000 rpm for 10 minutes at 4°C; supernatant was removed and 1 
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ml of 75% ethanol was added to the pellet. Again, a centrifugation was done at 14000 rpm 

for 5 minutes at 4°C and supernatant was removed. Pellet was semi air dried for 15 

minutes.20 µl of nuclease free water was added to the tube. The tube contained total RNA 

extracted from 250 µl of blood.  

The total RNA from the animals of each group was pooled together and cDNA was 

prepared using reverse transcriptase enzyme (Thermo Fischer, USA), random hexamers, 

oligo dT and dNTP (GCC biotech, India) with some modifications following the 

manufacturer’s protocol described in reverse transcriptase enzyme associated user manual. 

From the pooled RNA of each groups, in a PCR tube, 10 µl of RNA mixture were added with 

1 µl of dNTP mix (10 mM stock), 1 µl of random hexamer (50 µM stock), 1 µl of oligo dT 

(50 µM stock), 0.50 µl RNase inhibitor (20U/µl) and 3.2 µl RNase free water. The mixtures 

were incubated for 10 minutes at 90℃; followed by cold incubation at 4℃ for 5 minutes. 

Then, to all the tubes, 2 µl RT buffer (5X stock, 0.5X working concentration), 2 µl DTT 

(Dithiothreitol) were added and incubated for 15 minutes at 25℃. The samples were then 

placed in a ice box at 4℃ for 5 minutes. 0.3 µl of RT enzyme was then added to each tube. 

The components within the tubes were mixed properly and were kept to incubate at 42℃ for 

60 minutes followed by 72℃ for 10 minutes. Following the incubation, the tubes were kept 

in 4℃ till further use for RTqPCR. 

The prepared cDNA was used to quantify the expressions of TNF-α cytokine and 

Cox-2 gene in a fold-change manner compared to positive control (PC). The gene expression 

study was done through real time quantitative PCR (RTqPCR) in Roche LightCycler 96 

(Roche, Switzerland) machine using SybrGreen dye. The exon specific primers of TNF-α 

and Cox-2 were selected from existing research papers following primer blast and nucleotide 

blast to ensure best binding affinity. An internal control housekeeping gene primer GAPDH 

was also included the same method (Table 3.2). 
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Table 3.2. Details of the different primers used for RTqPCR obtained from existing literatures and 

verified through NCBI primer-BLAST study. 

Gene Forward 

primer (F) (5´ 

to 3´) 

Reverse primer 

(R) (5´ to 3´) 

Product 

size 

Tm (℃) 

obtained from 

NCBI primer-

BLAST  

GC% NCBI 

reference 

sequence 

TNF-α AGCCCTGGT

ATGAGCCCA

TGTA 

CCGGACTCC

GTGATGTCTA

AGT 

109 bp 62.99(F); 

61.52(R) 

54.55(F)/ 

54.55(R) 

XM_008772

775.2 

Cox-2 TGTATGCTAC

CATCTGGCTT

CGG 

GTTTGGAAC

AGTCGCTCGT

CATC 

94 bp 62.37(F); 

62.23(R) 

52.17(F)/ 

52.17(R) 

NM_017232

.2 

GAPDH ATGACTCTAC

CCACGGCAA

G 

CTGGAAGAT

GGTGATGGG

TT 

89 bp 59.46(F); 

57.19(R) 

55(F)/ 

50(R) 

XM_017593

963.1 

For the expression study, cDNA from each of the groups were amplified in duplicates 

for each of the genes. The experiment was done in MicroAmp
TM

 optimal 8-tube strips 

(Applied Biosystems, ThermoFisher Scientific, USA), microtube strips specialized for 

RTqPCR analysis. In brief, 5 µl of cDNA was used in each reaction and was mixed with 0.3 

µl of each of the forward and reverse primers (10mM) for one gene separately. In a dark 

chamber, an amount of 10 µl of SybrGreen dye (Roche, Switzerland) was mixed in all 

experimental replicates. Reaction volume was made up to 20 µl by adding nuclease free 

water. Negative control was included to ensure contamination-free experiment using 

SybrGreen, internal control gene primers and nuclease free water in place of cDNA. The Fig. 

3.4 shows the distribution of reaction groups and their replicates. 
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Figure 3.4. Plate distribution for the RTqPCR experiment produced from Roche LightCycler 96 

machine software. 4 MicroAmp strips were placed column-wise (Column 1, 2 and 11, 12 to ensure 

machine balance). Strips of 1
st
, 2

nd
 and 3

rd
 columns were provided with TNF-α primers, Cox-2 

primers and GAPDH primers respectively. Experimental group replicates were made row-wise; row 

A and B was provided with FCA group cDNA, C and D were provided with LD group cDNA, E and 

F was provided with HD group cDNA and G and H were provided with PC group cDNA. MicroAmp 

strip of column 4 was provided with 4 negative control replicates at C, D, G and H rows. Two 

negative control sets (both in duplicates) were used during the experimentation resulting in two 

different colours in the graph, one containing TNF-α primers but no template cDNA (wells 12C, 

12D)_and the other with Cox-2 primers and no cDNA (wells 12G, 12H). 
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Annealing temperature of 59°C was standardized for all the three genes and 45 

amplification cycles were implemented. 

The gene expressions in different groups were calculated in the ‘fold-change’ manner 

considering the PC or positive group animals to have 1 fold expression. This was done using 

the 2
-∆∆Ct

 method. In this method, the internal control gene served as a calibrator. The 

reaction conditions were standardized in the laboratory following Paquet et al., (2012) and 

Saleem et al., (2019) with some modifications. The fold change data was analyzed using 

GraphPad prism 7.0 where data was represented as mean± SD and analyzed through one-way 

ANOVA following Dunnet’s multiple comparison test. Significant data was considered at 

0.05 significance level. 

 

 

 

 

 

 

 

 

 

 

 

 

 


