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ABSTRACT 

The possibility of gastrointestinal problems, skin sensitivities, and in certain cases, 

an elevated risk of cancer, are the main drawbacks of long-term use of 

contemporary marketed antioxidant formulations. By using well-known 

antioxidant plants (like Cayratia trifolia, Sesbania grandiflora, Cordia dichotoma, 

and Teprosia purpurea) from tribal belts of Kandhamal, part of the eastern Ghat 

mountain range, and fenugreek mucilage as a natural suspending agent; our study 

seeks to develop and assess an appropriate polyherbal suspension that addresses the 

aforementioned problem. Eight batches (F1–F8) were made using varying 

concentrations of propylene glycol and natural suspending agent. Numerous 

criteria, including rate of flow, volume of accumulation/sediments, acidity/basicity, 

re-dispersibility, flow, effect of temperature, agglomeration/flocculation degree 

and viscosity; were examined to assess these suspensions. It was discovered that 

batches F6 and F7 have antioxidant qualities and were steady during our entire 

study period. It was noted that the viscosity of our formulation raised with increase 

in concentration of suspending agents, which decreases sedimentation and 

increases suspension stability. Folin Ciocalteu's reagent method, which measures 

the formulation's total phenolic contents, was used to study the antioxidant 

qualities. 

INTRODUCTION 

Nowadays, out of all the drug administration routes, delivery via oral route is the most 

widespread1. Oral pharmaceutical herbal suspensions have long been one of the best dose forms 

for patients who can't handle solid medication forms2. In comparison, other doses form 

suspension has higher rates of bioavailability3. But as this chosen dosage form is having issue 

regarding stability thermodynamically, A suspending agent must be added to slow down the 

rate of settling and facilitate the easy redispersion of any settled particle matter. This is 

accomplished by both improving the suspending medium's consistency and providing 

protective colloidal activity4,5. Suspending agents derived from natural resources are opted, 

particularly when taking potential side effects and consumer perception into account. This is 

because they are generally thought to be more biocompatible, less toxic, readily available, and 

frequently have a lower environmental impact while still providing effective suspension 

properties6. We have already aware about the excellent suspension enhancing properties found 

in nature such as gums of xanthane, Iranian gums, aloe elegans mucilages7,8 karaya gums, 

alginates9,10. We have chosen fenugreek seeds mucilage especially cultivated from Daringibadi 

hill area of the same region by following previous research reports11. Our targeted antioxidant 

suspension was prepared from the most effective liver curing plants as claimed by local tribal 

of eastern ghat mountain ranges of Kandhamal district, Odisha like roots of Cayratia trifolia12, 

flowers of Sesbania grandiflora13, barks of Cordia dichotoma14 and seeds of Teprosia 

purpurea15. The antioxidant potential of this formulated suspensions was determined by total 

phenolic contents as pyrochatechol by using FCR-Folin ciocalteu’s reagent method16. 

MATERIALS AND METHODS 

Extraction & finalization of suitable plant extracts for formulation 

  The finalized four plant parts were collected from Daringibadi and Amapani hill areas of 

Kandhamal district during rainy season after proper recognition and validation/certification by 

https://www.researchgate.net/publication/264784207_Formulation_and_evaluation_of_ciprofloxacin_suspension_using_natural_suspending_agent?enrichId=rgreq-3f39c42ac915c8fb4aaae5cafea9158d-XXX&enrichSource=Y292ZXJQYWdlOzI2NDc4NDIwNztBUzoxMzE1Njg2ODk0ODc4NzdAMTQwODM3OTgyODE4OQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/publication/264784207_Formulation_and_evaluation_of_ciprofloxacin_suspension_using_natural_suspending_agent?enrichId=rgreq-3f39c42ac915c8fb4aaae5cafea9158d-XXX&enrichSource=Y292ZXJQYWdlOzI2NDc4NDIwNztBUzoxMzE1Njg2ODk0ODc4NzdAMTQwODM3OTgyODE4OQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
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taxonomist. These dried plant parts were powdered separately, and all the physical evaluations 

have been completed after which these were successively extracted with different solvents (Pet. 

ether, Ethyl acetate & methanol) according to polarity. All the extracts were separately 

investigated to establish folklore claim of liver curing property by following all in vitro 

antioxidant study protocol like Total phenolic content, DPPH, scavenging assay with NO2, 

Superoxide radical scavenging assay etc. Based on all these in vitro studies, all ethyl acetate 

extracts of our selected plant parts (EACT, EASG, EACD, EACT) have shown optimum 

antioxidant potential which were further selected for our formulation study. 

Natural suspending agent preparation (mucilage of fenugreek seeds) 

The fenugreek seeds were collected from local tribal cultivators of Daringibadi hill area. These 

seeds were shade-dried, powdered and macerated using distilled water as solvents for overnight. 

After 12 hr, these seed powders along with water were boiled for some time. The supernatant 

portion of this slurry was collected after cooling to which acetone was added sufficiently with 

continuous stirring to allow precipitation of mucilage. This mucilage was air-dried and powdered 

and finally collected by passing through required seive for use as natural suspending agent for 

our study17. 

 Quality control checks for isolated suspending agents 

The evaluation of isolated mucilage was performed as per standard protocol with respect to the 

parameters such as swelling index18, micrometric studies such as angle of repose, tap & bulk 

density19, 20, 21, 22 etc. and found satisfactory results. 

Preparation of antioxidant Herbal suspension 

All the freeze-dried ethyl acetate extracts (2 gm each) along with other additives and fenugreek 

mucilage powers were taken to prepare different batches of suspension as per plan. 

We prepared various batches of suspensions using the formula mentioned below. First, a paste 

was prepared by taking the most common preservative i.e. methyl and propyl paraben which 

were triturated with collected mucilage taking water. The lyophilized ethyl acetate extracts of 

each plant (2 gm each) along with glycerin were added slowly to above paste with occasional 

stirring and trituration for some time. Aspartame (sweetener), raspberry flavoring agent and 

Sunset yellow supra color were added to the prepared suspension base mixture and the volume 

of each batch were made up to 100 ml by adding water which was finally homogenized.  

Table 1: composition of polyherbal suspension 

 

Ingredients 

Batch Code 

F1 F2 F3 F4 F5 F6 F7 F8 

Herbal Extract 

(EACT, EASG, EACD, EACT  

1:1:1:1 

(500 x 4= 2000 mg) in each batch 

Mucilage (mg) 500 500 1000 1000 1500 1500 2000 2000 

Glycerin (ml) 6 12 6 12 6 12 6 12 

Prop.paraben 2.5 mg in each batch 

MethylParaben 5 mg in each batch 

Sweetner-Aspartame 100 mg in each batch 

Raspberry Flavor 2.5 mg in each batch 

Sunset Yellow Supra  0.5 mg in each batch 

water (purified) Volume of each batch made up to 100 ml 

Quality control tests of formulated batches of suspensions 

pH assessment: 

 pH of all the developed formulations was measured as per I.P. standards. 

Volume of Sedimentation 

Volume of sedimentation was calculated as per the formula F = Hu/Ho 

        Where, Ho - Original height & Hu - final height of sediments after settling of suspention  

Re-dispursibilty/Redistributing capability 

The final volume of each batch was placed in well-calibrated transparent tubes separately at fixed 
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room temperature (230C) at various intervening times (i.e. 24, 120, 240, 360, 480, 720 hr).  

During this period, tubes were shaken with force for facilitating proper re-distribution of 

sediments, if any which were noted properly24. 

Rate of flow 

The exact time required for a pre-fixed volume of suspension to flow through orifice of pipette 

was studied. The rate of flow of all our developed batches were determined by following formula 

RF= distance covered (cm)/ Time of flow (sec) 

Measurement of Viscosity through viscometer 

Viscosity of all the formulated batches were individually determined by utilizing Brookfield’s 

viscometer at 100 R.P.M. using spindle-4 at 250 C temperature. We have studied all batches in 

triplicate for better accuracy25. 

Level of flocculation 

We have also studied the degree of flocculation of our formulated batches by following formula  

𝜷 =
(𝑽𝒖)𝒇𝒍𝒐𝒄

(𝑽𝒖)𝒅𝒆𝒇𝒍𝒐𝒄 
 

(Vu)floc: sedimentation volume in flocculated suspension  

(Vu)defloc: sedimentation volume in deflocculated suspension. 

Temperature Impact on formulations 

We have also explored the temperature impact on viscosity of various formulations in 300 to 

600 c temperature range. 

Total content of drugs i.e. Total phenolic compound (Antioxidant) 

Presence of TPC in all extracts collected from Cayratia trifolia root, flowers of Sesbania 

grandiflora, barks of Cordia dichotoma and Seeds of Tephrosia purpurea were investigated 

by using FCR-Folin ciocalteu’s reagent method. The test was carried out by taking test extract 

(1ml methanolic soln) in 46 mL pure water. This test solution mixture was taken in Erlenmeyer 

flask to which 1 mL Folin’s Ciocalteu’s reagent by stirring after which it was kept for 180 sec 

2% Na2Co3 (3000 microlitre) was mixed in this solution with occasional shaking of 120 min. 

Generally, FCR is used to change the phenolic content in test solution to blue colour. This 

absorbance was studied under UV at 760 nanometers and total phenolic content concentration 

was interpreted as per below mentioned formula from standard pyrocatechol graph.  

𝐴𝑏𝑠(𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒) = 0.001 ×  𝑝𝑦𝑟𝑜𝑐𝑎𝑡𝑒𝑐ℎ𝑜𝑙 𝑖𝑛 𝜇𝑔 + 0.0033 

Measurement of particle size 

We have taken compound microscope and approached through optical microscopy technique 

to find out exact particle size. After being spread out on a slide, the suspension was examined 

under this microscope. Twenty particle diameters were measured 26. 

Studies on in vitro dissolution 

Formulated suspensions (n = 6) were dissolved in 500 ml of water for 30 minutes at 37 ± 0.50C 

and 50 rpm using a USP type II dissolution test apparatus (TDT 08 L, Electrolab, Jaipur, India). 

Despite being primarily made for tablets and capsules, the USP type II dissolution test 

apparatus has also been utilized by several researchers to examine the dissolution behavior of 

suspensions27,28.  

The dissolution vessels were filled with 10 mililiter of herbal suspensions. 10ml aliquots were withdrawn 

in 30minutes. Repeat The same procedures were repeated for all developed suspensions. After 

passing through Whatman filter paper, the aliquots were examined at the appropriate 

wavelength using a UV visible spectrophotometer. (Shimadzu Ultraviolet Spectrophotometer 

Double Beam UV 1900i) 
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RESULTS AND DISCUSSION 

Evaluation of suspension 

Formulation F1and F2 were found not up to the common standards (low viscosity)  

so we have discarded.  

Determination of pH 

All our formulated batches were found to be in between 7.00 to 7.52 pH range. 

Table 2. pH description of all suspension batches taken  

Formulations F1 F2 F3 F4 F5 F6 F7 F8 

pH 7.02 7.06 7.20 7.26 7.31 7.42 7.33 7.52 

Sedimentation Volume 

After a week, we observed that the sedimentation volume had decreased (<1). We observed after 

1 month that batches F6 and F7 were stable and properly distributed. In suspensions with smaller 

concentrations of the suspending agent than those with larger concentrations, the dispersed 

particle was sediment more quickly. 

Re-dispersibility 

        To provide a more consistent dosage delivery of medication following shaking, the suspension 

must be radially dispersible due to sedimentation during storage. If sediment is still present after 

vigorous shaking, the suspension is referred to as caked. After 30 days, it was discovered that all 

the suspension was readily redistributable after a maximum of 13 shakings. In comparison to 

higher concentrations, re-dispersibility was observed to be faster for suspensions containing 

fewer suspending agents. This could be because these suspensions have a higher viscosity at 

increasing concentrations. 

Rate of flow 

It was noticed that whenever we increase the viscosity & concentration of natural mucilages, 

it affects the flow rate. The results were in-between range 0.06- 0.1 (Table-5). 

Measurement of Viscosity through viscometer 

The sheer thinning of the suspension was demonstrated by the fact that the viscosity of all 

formulations reduced as the rpm of viscometer increased. Table 5 contains the viscosity values 

for each batch. 

Level of flocculation 

Using varying concentrations of natural mucilage, the degree of flocculation was assessed for 

each prepared suspension. Table 5 lists the detailed result for each formed suspension, which 

is observed to rise with increasing suspending agent concentration. This is because increasing 

concentrations cause the suspension to become more viscous, which eventually lessens 

sedimentation. 

Temperature Impact on formulations 

It was observed that the increase in temperature leads to reduced viscosity in all our developed 

formulations. 

Content of active constituents (i.e. Total phenolic content) 

Total phenolic content as pyrocatechol for all batches was found to be in the range of NLT 80% 

in trial 6&7 (refer table-3) 

Table 3. Drug content as total phenolic compound for all batches of suspensions 

Batch F1 F2 F3 F4 F5 F6 F7 F8 

Total content of drug (TPC 

as pyrocatechol) 

 

45% 

 

42% 

 

50% 

 

55% 

  

70% 

 

85% 

 

 84% 

 

68% 
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Dissolution study Result 

It was observed that out of all our tested batches, F5 & F6 able to release 75 per cent of drug 

after 30 min gap (Table 4).  

Table 4. Comparative Dissolution profile for all batches of suspensions 

Tested Batches F1 F2 F3 F4 F5 F6 F7 F8 

Release of drug  

(Total phenolic compound 

as pyrocatechol) 

 

38% 

 

39% 

 

44% 

 

53% 

  

62% 

 

78% 

 

 75% 

 

60% 

 

Measurement of size of particle 

20 particles from each tested batch were determined and measurements are mentioned in the 

table below (Table 5). 

Table 5: Evaluation of suspension 

Parameter Developed trial formulation batches 

Batch F1 F2 F3 F4 F5 F6 F7 F8 

Particle size 22.22 22.02 22.52 21.63 23.45 22.33 23.67 22.52 

Degree of 

flocculation 

2.60 2.62 2.89 2.99 2.55 3.12 3.54 3.39 

Rate of flow 0.12 0.11 0.087 0.082 0.069 0.070 0.068 0.060 

Number of shakes 

required for complete 

dispersion 

05 05 07 08 09 8 9 12 

Viscosity (Poise) 1.16 1.16 2.01 3.48 3.92 5.92 6.72 7.13 

Apart from the above evaluation parameters, we have also performed stability investigation in 

accelerated format29 by maintaining ideal condition of 75% RH & 40 degree centigrade with time 

points i.e 0 day, 30 days, 90 days & 180 days in HDPE bottle for the trail batch 6, as both trial 

batch 6&7 results are found satisfactory. The stability study for trail batch 6 found satisfactory 

below (table-6) 

Table-6 Stability investigation in accelerated mode at time interval 0 day, 30 days, 90 days & 180 

days in HDPE bottle30. 

Test specification Results  Results     Results  Results    

 As per I.P. Standard 0 day  30 days  90 days  180 days  

Description Orange color 

suspension has 

pleasant odor 

complies complies complies complies 

pH 5.0 to 8.0 7.42 7.4 7.39 7.30 

Assay NLT 80% 85% 84% 84% 83% 

Microbiological study 

Total Aerobic 

Microbial 

Count 

NMT1000 C.F.U. per 

gm 

<10cfu/g 

 

 <10cfu/g Less than 

10 

C.F.U./gm 

Total Yeast and 

Mould Count 

NMT 100 C.F.U. per 

gm 

<10cfu/g Not required <10cfu/g Less than 

10 

C.F.U./gm 

E.Coli Should absent Absent to perform at 

1M 

Absent Absent 
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CONCLUSION 

Our formulated polyherbal suspension with Cayratia trifolia, Sesbania grandiflora, Cordia 

dichotoma and Teprosia purpurea plant parts along with natural suspending agent exhibit 

improved stability with time containing the desired antioxidant property i.e. total polyphenol 

contents. It was observed that raising concentration by taking suspending agents from our 

selected plants increased thickness of developed formulations, reducing sedimentation rates 

thus enhancing overall stability. This developed polyherbal suspension can be further studied 

preclinical and subsequent clinical evaluation for suitable alternatives in marketed antioxidant 

formulations after regulatory protocols. 
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