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DEFINITION OF TERMS

Pre-formulation: it is a research and development process phasewhgsical, chemical and
mechanical properties characterization of a newg dubstance is done in order to develop a

stable, safe and effective dosage form.

Tablets: are solid dosage forms containing a single adiuestance or more together with other

excipients which are in powder form and compresstda dosage form.

Compressibility: it is the capacity of a bed of powder to decrdaseolume as a result of the

application of force/pressure.

Bulk density: The bulk density of a powder is the ratio of thassiof an untapped powder

sample to its volume, including the contributiortled inter-particulate void volume.

Tapped density: The tapped density is an increased bulk densigingd after mechanically
tapping a receptacle containing the powder sample.

Tablet hardness test:is a laboratory technique used to test the breagwigt and structural

integrity of a tablet under conditions of storafansportation, and handling before usage.

Friability: is the tendency for a tablet to chip, crumble cealrfollowing compression. This
tendency is normally confined to uncoated tableis surfaces during handling or subsequent

storage. (or include additional: to test the duitghof tablets during transit

Disintegration test: it is a test carried out to determine whetherethbr capsules disintegrate
within the prescribed time when placed in a liquekdium under the given experimental
conditions.

Assay: is an analytic procedure carried out for qualtiy assessing or quantitatively

measuring the presence of a substance and the aofdhat substance.



ABSTRACT

Cassia didymobotrya belongs to the genuSassia and family Fabacea€. didymobotrya is a
shaggy shrub and found in Eastern and Central &fiifferent parts of the plant are used in
various countries, namely Kenya, Ethiopia, Rwari@mzania, Angola, Mozambique, Sudan and
Uganda for treating variety of disease conditiofise leaves are traditionally mainly used as

laxatives.

The leaves oC. didymobotrya contain chrysophanol, physcion, aloe-emodin, fallalc rhein,
parietinic acid, torosachrysone, sennoside B, C &ndflavonoids, a-amyrin, B-amyrin,
arachidonic acid, chrysophanic acid, catechiniaitas) kaempferol, lauric acid, myristic acid,
myristoleic acid, oleic acid, palmitic acid, rheiglycoside, B-sitosterol stearic acid5, 1,4-
anthroquinone chrysophanic acid, daucosterol, pbgs&nipholone and several anthroquinine

derivatives.

The aim of this work was to formulate and evalutblets from the leaf extracts .

didymobotrya to serve as an alternative laxative tablet.

In this study 80% ethanolic extracts of the driedvies ofC. didymobotrya were prepared
following appropriate cold maceration method. Thetract was tested for presence of
hydroxyanthracene glycosides by carrying out Bagera test which gave a positive result.
Total content of hydroxyanthracene glycosides endhy leaves as well as in the leaf dry extracts
was determined using UV-visible spectrophotomeatrethod as stated in BP 2016, which was
calculated as sennoside B. The total hydroxyangmacglycosides percentage content was
detected to be 1.077%w/w and 3.6%w/w in the drf/peavder and leaf extract respectively.

The dried extract ofC. didymobotrya was observed to be very hygroscopic and it teonds t
become sticky and liquefied. Thus handling of thzaet even at normal room temperature and
relative humidity was challenging. To address thisblem theC. didymobotrya leaf dry extract
was premixed with colloidal silicon dioxide. Théokat formulation was then carried out by wet
granulation using various excipients (lactose, oucystalline cellulose, sodium starch glycolate,
sodium lauryl sulfate, colloidal silicon dioxidealt and magnesium stearate) with different
functions. Two different formulation studies werené by varying the order of addition of the

disintegrant sodium starch glycolate. In formulatlpequivalent amount of the disintegrant was

Xi



added both intra-granularly and extra-granulariyhilev in the case of formulation II, the

disintegrant was added only extra-granularly.

Prior to compression, the prepared granules of Ibatiches were assessed for bulk and tap
density, Hausner's ratio, compressibility and argjleepose according to official methods. Then
the compressed tablets were assessed for appeanandeess, friability, thickness, uniformity
of weight, disintegration and content assay. Foatnh | was found to have an average
disintegration time of 17.75 minutes and formulatib had an average disintegration time of
23.33 minutes. The assay for the percentage coafdntdroxyanthracene glycosides, stated as
sennoside B was determined using UV-vis spectrapheter (Shimadzu-1800, Japan) and it
was found to be 94.44% for formulation | and 91./8¥formulation 1l. The value obtained for
percentage content was found to lie within the ptaoee range; reference was made to the value
stated forSenna tablets since the method for assaysaina tablets in BP was used. In addition,
the tablets obtained from the two formulations glsgsed tests done for uniformity of weight,

hardness, and friability.

Xii



1.0 INTRODUCTION

1.1 Background

Herbal drugs have been used since the time of Xxtsteace of life on earth. Even now in the
modern world, about 80% of the world population;biad¢ drugs still plays a significant part in
satisfying the primary health care requirementthefworld population. This is mainly attributed
to the cost constraints or inaccessibility of modérugs to the larger population (Chawtaal.,
2013).

Currently there are a number of herbal drugs frdiferént plant species. Plants belonging to the
genusCassia are well known for their medicinal use in the ttadhal system. The leaves and
seeds of these plants are traditionally used &atimg constipation, cough, flatulence, ringworm,
colic, dyspepsia, bronchitis, cardiac disorders mathy more. Different parts of the plant consist
of various types of phytochemical constituents. Teéaf mainly consists of anthraguinone
glycosides and flavonoids. Of all the anthraquingheosides sennosides are well known for

their medicinal importance as a laxative agentif@dgehuet al., 1989; Singtet al., 2013).

Senna is one such herbal drug that is available in tlegket for use as a laxative for a long
period of time.Senna contains the dried leaflets or fruits Ghssia senna (Cassia acutifolia/
Alexandrian senna) and ofCassia angustifolia (Tinnevelly senna). The constituent responsible
for the pharmacological activity &enna was isolated and identified to be sennosidesn(AB),
which belongs to the anthraquinone family (Agar&aBajpai, 2010; Franz, 1993; Upadhyaty
al., 2011).

Cassia didymobotrya belongs to the genus cassia and family Fabac@adidymobotrya is a
shaggy shrub and found in Eastern and Central &fddemayehtet al., 1989). It is favors open
sunny location. It is known as “Popcorn Cassia” ttuthe characteristic a buttered popcorn like
aroma produced by it flowers (Reddyal., 2010). It is largely found along lakeshores, atrs,
rivers, deciduous, bush land and old plantatiomga(Byet al., 2014).

The leaves o€. didymobotrya are used in various countries, namely Kenya, Ethjdgwanda,
Tanzania, Angola, Mozambique, Sudan and Ugandaddety of disease conditions such as
treating malaria, gastrointestinal problems, pnenimoand also as a purgative (Mahadeean
al., 2002).



Different secondary metabolites have been repdrted the plant, such as sennoside B, C and
D, emaodin, chrysophanol, physcion, knipholone, edmedine, rhein, catechinic tannins,
dianthroneemodin, dianthrone aloe-emodin, flavosoidnd aloe-emodin B-glucoside
(Alemayehuet al., 1989; H.S.Irwin & Barneby, 2008).

Most herbal preparations are liquids which are @ased with challenges of accurate dose
administration to the consumer, and stability, nfacturing and as well as packaging challenges
to the manufacturer. However, solid preparatioke liablets on the other hand present the
consumer the convenience of administration, and-dost and high production speed to the
manufacturer (Qusa al., 2012; Verloopet al., 2004).

Therefore, in this study the leaf extract@fdidymobotrya was formulated as tablet dosage form

using wet granulation method.

1.2 Problem Statement

Herbal drugs are becoming favored over the cuyambed modern drugs. The genus cassia is
popular for its medicinal use and a number of Hepb@parations have been introduced to the
market for use by the general population. One ohspecies that has gained a wide acceptance
is official Senna. These species are well known for their use asatiles. These species are
predominantly found in Somalia, near the river Nilee Arabian Peninsula, south India and
PakistanC. didymobotrya also belongs to the same family and traditiondlig reported to have
the same use as laxative like the offiGahna and it is predominantly found in central and East
Africa. However, so far no effort has been madmtmulate the plant as an official dosage form

to serve as an alternative laxative herbal drug.

Therefore, in this study the leaf extractsCaksia didymobotrya wereformulated into tablets.



1.3 Objectives

1.3.1 General Objective
The general objective of this study was to ext@atsia didymobotrya leaves and formulate it

into tablets.

1.3.2 Specific objectives
The specific objectives of this study were

-Extraction of the leaves @&. didymobotrya
-Determination of hydroxyanthracene glycosides aante the leaf extract
-Formulation of the leaf extract into tablets

-Evaluation of tablets

1.4 Significance and anticipated outcome

C. didymobotrya is traditionally used as a laxative. The tablét will be formulated from the
leaf extract will allow delivery of the plant in meentional dosage. This will avoid the need to
administer crude leaf powder, decoction or othepmvenient traditional preparation forms of
the plant to patients. This in turn will increaseceptance of this herbal preparation as an

alternative laxative formulation.

1.5 Delimitation
Preformulation study was limited to chemical analyer the determination of the percentage
content of hydroxyanthracene glycosides in @edidymobotrya leaf dry extract in order to

determine the dosage.

1.6 Limitation

The study was not done on leaves that were cotldoben an old plant.



2.0 LITERATURE REVIEW

2.1 Standardization of Herbal drugs

Herbal medicines contain active ingredients thatm@esent in complex mixtures formulated as
crude fractions of plants or combination of plarttterbal drugs are widely accepted as an
alternative treatment for primary health care ne@usboth developing and developed

populations. However, herbal medicines have a randienitations including; lack of evidences

of safety, efficacy, standardization, varying protilon practices and absence of regulatory
standards and implementation protocols (Chastlal., 2013; Mosihuzzaman & Choudhary,

2008).

Standardization of herbal medicines is the probgsahich herbal preparation is modified to a
definite content of a constituent or group of canshts of known therapeutic activity. This is
achieved by recommending a set of standards ansitrcharacteristics, definitive qualitative
and quantitative values, and constant parametes ddary an assurance of safety, quality,
efficacy, and reproducibility (Folashadeal., 2012; Mosihuzzaman & Choudhary, 2008).

The process of standardization involves startingmfrauthentication of the natural flora,
collection of plant material, extraction, sepamatiof components of the extract by bioassay
guided fractionation and development of herbal dregploiting current technical standards.
Numerous factors affect the quality of herbal droggking standardization a requisite. Some of
the factors are; active principles in herbal drags unknown, herbal drugs are mixtures of
complex constituents resulting in a complex physjalal response, raw material source and
quality variability, absence of selective analytiocgethods or reference standards for developing
standard finger prints to regulate efficacy amoagous batches, and more (Chaetal., 2013,
Sahilet al., 2011).

The quality issue of herbal dugs can be ensurecbhgucting some important tests like; micro
and macroscopic investigation, moisture content|uskon of foreign organic matter, extractive
values, ash value, qualitative and quantitativergbal tests, chromatographic characterization,
toxicological test, phytochemical evaluation, anitrobial tests (Chawlat al., 2013; Sahilet

al., 2011; Yadawt al., 2011).



Quality, purity and authenticity of herbal drugsndae established by references specified in
pharmacopoeia, like structural, analytical, phylsis@ndards; process control standards and
poly-herbal reference standards for the drugs (Bdtdnale, 2011; Chawlat al., 2013).

Two different approaches can be employed for taedsrdization of a herbal preparation; First,
based on active principle, in cases where the hepb@paration contains known active
constituents with known therapeutic values, stagidation can be done based on the known
active principle, and second, based on marker comgg) a specific compound is used as a
marker in cases where the active principle is nuwn to evaluate the existence of other
compounds with therapeutic values in the herbalpgmagion. “Marker compounds are
chemically defined constituents of a herbal drugicwhare useful for control purposes,
independent of whether they have any therapeuticityoor not” (Bele & Khale, 2011; Yadast

al., 2011).

Standardization is the key to ensure batch to batdeisistency in efficacy, safety, effectiveness
and acceptability of herbal products. This is novsgible due to the advance in technology
where different approaches, like chemical, chrogatohic, botanical, chemical, and biological
methods can be employed for estimating active jpies present in the crude extract (Bele &
Khale, 2011).

2.2 Cassia didymobotrya
C. didymobotrya belongs to the family of Fabaceae, which inclunle= 300 species.

Plate 1: GrowingCassia didymobotrya plant

http://www.stridvall.se/flowers/gallery/aloum21/D88963



2.2.1 Description

Cassia didymobotrya is a “deciduous shrub or small tree up to 4.5 msetall. The leaves are

arranged spirally, paripinnately compound with 8dars of leaflets; stipules broadly ovate-
cordate, 1-2.5 cm x 0.1 cm, acuminate, persisigtiple 1-8 cm long; leaflets oblong-elliptical,
2-6 cm x 0.5-2.5cm, mostly rounded to obtuse ak apeicronate, shortly hairy on both sides, in
florescence an erect, axillary raceme 10-50 cm,l@®y30 flowered; bracts 1-2.5 cm long”
(H.S.Irwin & Barneby, 2008).

2.2.2 Distribution and climatic conditions required for growth
Cassia didymibotrya is natural found in Kenya, Ethiopia, Sudan, EtlppJganda, Tanzania,
Congo, and other tropical African countries. It vilsisoduced to other parts of the world as an

ornamental, a fodder, green manure, and cover(etchlrwin & Barneby, 2008).

Cassia didymobotrya flowers two times in a year in the tropics. Iltgeown by seed and by
cuttings. The seeds germinate easily, but exhdmitsmancy due to its hard seed coat. This can be
resolved by different approaches like; soaking atew for 24 hours, dipping in strong sulfuric
acid, mechanical scarification, or immersion inlingi water. Germination can take place in dark
and light conditions but require an optimum tempegaof 20 — 2% for good germination rate.
Harvesting can be done several times in a year,thritleaves have the highest content of
constituents if harvested when flowering (H.Sun& Barneby, 2008).

2.2.3 Traditional medicinal use

Cassia didymobotrya is broadly used in Central and East Africa asaditional medicine to treat
various human and livestock diseases. In the treattrof abdominal pain the leaves, stem and
root decoction or infusion are used for their lav@tand purgative benefits. While in countries
like Uganda, Burundi and Rwanda the same decodtidaken to banish intestinal worm and
cure ring worm. In some cases a larger quantith@fsame decoction is taken as an emetic. The
decoction of the leaves is given together with femdhildren in order to boost appetite. It is also
drunk to manage back ache and gonorrhea in wontenliduid from boiled leaves is used for
bathing children with food poisoning and also pagewith measles. The roots and leaves
decoction or root infusion is drunk to treat fefeym malaria or other fevers, headache and
jaundice. The plant, especially the roots decoctioused as an antidote for general poison for

its purgative and emetic effect. It is also usedréat livestock diseases. Leaf, stem and root

6



decoction is used for treating cattle skin disebkmvever, like any other cassia species the plant
is poisonous if overdosed resulting in violent viing and diarrhoea and could be lethal. Other
than its medicinal use, in some communities thelesf gourds used for milk storing is coated
with ash of burnt twigs in order to improve digegtiy and palatability the milk and to preserve
it for more than a year. The plant leaf and roals® used as fish poison (H.S.Irwin & Barneby,
2008; Kokwaro, 2009; Nyamwanatial., 2015; Thangiah & Ngule, 2013).

2.2.4 Phytochemical profile

The leaves ofCassia didymobotrya contain chrysophanol, physcion, aloe-emodin, failal¢
rhein, parietinic acid, torosachrysone, sennoside-&8myrin, B-amyrin, sennoside C, sennoside
D, catechinic tannins, lauric acid, flavonoids,duidonic acid, chrysophanic acid, kaempferol,
myristic acid, rhein, myristoleic acid, oleic aciff;sitosterol stearic acid, palmitic acid, ,
glycoside, , 1,4-anthroquinone chrysophanic acicdsterol, physcion, knipholone and several
anthroquinine derivatives (Alemayebual., 1989; Mahadevae al., 2002).



3.0 MATERIALS AND METHODS

3.1 Study design
This was an experimental study.

3.2 Study Location
The study was carried out in the laboratory atDepartment of Pharmaceutics and Pharmacy

Practice, University of Nairobi, Kenya.

3.3 Equipment/ Apparatus

The following equipment were used for the experitakrstudy; Rotavapor (RIl, Buchi,

Switzerland), UV-spectrophotometer (Shimadzu -180&pan), single tablet press machine
(INWEKA, type lep-1, India), disintegration testgpparatus (Erweka ZT3-1, GmbH, Germany),
hardness tester machine (Scheuniger-2E, Switzgrlamidbility tester apparatus (Erweka,
Gmbh, type TA3R, Germany), drying oven (memmertn@my), Vernier caliper and weighing

balance.

3.4 Plant Material

The plant material Gassia didymobotrya leaf), was gathered from Gatitu village, Kiambu
County, Kenya. The other materials required forghely were obtained from the University of
Nairobi, School of Pharmacy and from collaboratofgshe University, Regal Pharmaceuticals
Ltd and National Quality Control Laboratory.

3.5 Extraction

The collected leaves df. didymobotrya were dried under shade in the Pharmaceutics and
Pharmacy Practice department laboratory. The daades milled with an electronic mill and
sieved through al8n sieve. The dried leaves Gf didymobtrya were extracted by maceration

procedure using 80% ethanol.

Using maceration method, the powdered leaveS. afdymobotrya (150 g) was macerated with
80% ethanol for 72 hours. The extraction with 80#arol was repeated three times until
exhausted. The extract thereof was combined, ddteand concentrated to dryness by adding
acetone using a rotary evaporator. The obtainedecrextract yield from the maceration

extraction procedure was weighed and percentadp gegermined.



3.6 Evaluation ofCassia didymobotrya leaf and dry extract

3.6.1 Identification of Anthraquinone glycodside

Bontrager’s reaction was used for detecting presef@nthraquinone glycosides in the extract.
In this reaction 5mL of dilute sulphuric acid waklad to the sample of 0.5g Gf didymobotrya
leaf extract, heated for 5 minutes on a water bathfiltered while still hot and allowed to cool.
The resulting filtrate was shaken with an equaluww of tetra hydro chloride. Then an equal
volume of ammonia was gently added in tilted manmbe formation of a rose pink color in the

ammonia layer was taken as a positive result.

3.6.2 Total content of hydroxyanthracene glycoses inC. didymobotrya leaf

The determination of the total content of hydroxiaacene glycosides in the dried leave£of
didymobotrya was done as per the pharmacopoeial method for SHmea leaf (British
Pharmacopoeia, 2016).

In this method, of the powdered leaves 0.15 g iasegd in a 100mL flask and 30 mL of water
was added to it, weighed, and heated for 15 minunteer reflux condenser in a water bath. This
was cooled, weighed and the weight was adjustédetanitial weight with water. Then this was
centrifuged and to the 20 mL of the supernatantidigransferred in to a 150 mL separating
funnel a 0.1 mL of dilute hydrochloric acid was addand shaken with 3 quantities, each of 15
mL, of chloroform. This was allowed to separate #rechloroform layer was discarded. 0.10 g
of sodium hydrogen carbonate was added and shakehrhin. This was centrifuged and 10.0
mL - of the supernatant liquid was transferred @ mL round-bottomed flask with a ground-
glass neck. To this 20 mL of ferric chloride sabatiwvas added and mixed. Then the resulting
mixture was heated in a water-bath for 20 min undereflux condenser and 1 mL of
hydrochloric acid was added and heated for a fu2Bemin, with frequent shaking, to dissolve
the precipitate. The mixture was then cooled, fiexnsd to a separating funnel and shaken with
3 quantities, each of 25 mL, of ether previouslgdito rinse the flask. The 3 ether layers were
combined and washed with 2 quantities, each of 15 oh water. The ether layer was then
transferred to a volumetric flask and diluted t®00mL with ether. From this, 10.0 mL was
taken and carefully evaporated to dryness andethdting residue was dissolved in 10.0 mL of a
5 g/L solution of magnesium acetate in methanoénTfinally, the absorbance was measured at

515 nm, using methanol as the compensation liquid.



As per the BP 2016 the percentage content of hyadmtkracene glycosides is expressed as
sennoside B, which was calculated using the equéktow (Equation 1): i.e. taking the specific
absorbance of sennoside B to be 240.

AX 125

Equati 1
— gquation (1)
Where,

A is absorbance at 515 nm,

M is mass of the substance to be examined, in grams

3.6.3 Total content of hydroxyanthracene glycoses inC. didymobotrya leaf dry extract
The determination of total content of hydroxyantere glycosides i€. didymobotrya leaf dry
extract was done as per the method stated in BB 201he standardizeSenna leaf dry extract
(British Pharmacopoeia, 2016).

In this method, of the dry extract of the leave€odlidymobotrya 0.15 g was placed in a 100mL
flask, dissolved in water and diluted to 100 mLhmvater. The resulting solution was filtered
and the first 10 mL of the filtrate was discard2d8.mL of the filtrate was transferred to a 150
mL separating funnel and 0.1 mL of dilute hydrocidcacid was added and shaken with 3
guantities, each of 15 mL, of - ether. The layeeserallowed to separate and the ether layer was
discarded. Then 0.10 g of sodium hydrogen carbonate added to the aqueous layer and
shaken for 3 min. The mixture was centrifuged afd ImL of the supernatant liquid was
transferred to a 100 mL round-bottomed flask witr@aund-glass neck. 20 mL of ferric chloride
solution was added and mixed. Then the resultingure was heated in a water-bath for 20 min
under a reflux condenser and 3 mL of hydrochlodid avas added and heated for a further 20
min, with frequent shaking, to dissolve the preeat@. The mixture was then cooled, transferred
to a separating funnel and shaken with 3 quantigash of 25 mL, of ether previously used to
rinse the flask. The 3 ether layers were combimetiveashed with 2 quantities, each of 15 mL,
of water. The ether layer was then transferrem tolumetric flask and diluted to 100.0 mL with

ether. 10.0 mL carefully evaporated to drynesstaedesidue was dissolved in 10.0 mL of a 5
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g/L solution of magnesium acetate in methanol. Theally, the absorbance was measured at
515 nm, using methanol as the compensation liquid.

As per the BP 2016 the percentage content of hyadmtkracene glycosides is expressed as
sennoside B, which was calculated using the equéktow (Equation 2): i.e. taking the specific
absorbance of sennoside B to be 240.

Ax 4167

Equati 2
— quation (2]
Where,

A is absorbance at 515 nm,

m is mass of the substance to be examined, in grams

3.7 Preparation of tablets fromCassia didymobotrya leaf dry extract

3.7.1 Composition

The raw materials for this study were selected dase identifying the function necessary to
formulate the extract into a tablet dosage forncijents necessary to aid the formulation and
processing of tablet dosage form were includetgrfibinder, glidant, adsorbent, lubricant, and
disintegrant. The required quantity of each excipien the formulation was within the
recommended range published in the Handbook ofnpdegutical excipients (Rowet al.,
2006). The overall plant extract and excipientgprton used in the formulation are illustrated
in the table below (Table 1).

The use of alcoholic solvent for the extractiondieito give herbal extracts that are hygroscopic
in nature. This in turn makes it challenging foclsunerbal extracts to be processed into a solid
dosage form and maintain stability under normalagje conditions. This was also evident in the
80% ethanolic extract o€. didymobotrya leaf which was very hygroscopic and it tends to
become sticky and liquefied even at normal roomptenature and relative humidity. Taking this
in mind theC. didymobotrya leaf dry extract was premixed with colloidal siicdioxide in a 1:1

ratio to take advantage of the absorbent propdrtgotioidal silicon dioxide; to aid ease of
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handling of the extract during processing. Thisceferatio of extract to colloidal silicon

dioxide was chosen based on a previous study doa@ @PI that exhibited similar hygroscopic

behavior like this extract (Choudhatial., 2015; Hughest al., 2006; Jeomt al., 2010)

Table 1: Materials and quantity per tablet

Unit Unit
(% wiw per (mg per
tablet ) tablet)
Dry extract- Colloidal silicon dioxide premix
Cassia didymobotrya leaf dry extract Active
(equivalent to 3.6 mg sennoside B)ingredient 20 100.00
2. Colloidal silicon dioxide Absorbent 20 100.00
Other Excipients
3. Lactose Filler 34.30 171.50
4. Microcrystalline Cellulose Filler 14.70 73.50
5. Acacia Binder 5 25.00
6. Sodium starch glycolate Disintegrant 4 20.00
Granulating
7. Purified Water Fluid qg.s. g.s
8. Sodium lauryl sulfate Wetting agent 0.5 2.50
9. |Talc Glidant 1 5.00
10. | Magnesium stearate Lubricant 0.5 2.50
Total Tablet Weight 100% 500 mg

**Q.s. — Sufficient quantity.
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3.7.2 Preparation of Granules

C. didymobotrya leaf dry extract was formulated in to tabletsf@ilowing two different types of
formulations, by varying the order of addition betdisintegrant in the formulations. In the first
formulation, equal amount of the disintegrant wddeal both intra-granular and extra-granular.
In the second formulation, the disintegrant wasedddnly extra-granular. The composition of
the two formulation batches is given in Table 2.

The tablets were prepared by wet granulation metlsaayg fillers (lactose and microcrystalline
cellulose), binder (acacia), absorbent (colloidéit@ dioxide), disintegrant (sodium starch
glycolate), wetting agent (sodium lauryl sulfatgjidant (talc), and lubricant (magnesium
stearate).

Initial, in both formulations, th€. didymobotrya leaf dry extract was pre-mixed with colloidal
silicon dioxide in a mortar using pestle till a hogeneous mixture was obtained. To the
resulting pre-mix fillers (lactose and MCC), digigtant (sodium starch glycolate, only in
formulation 1) and binder (acacia) were added ang mdixed prior to moistening with the
granulating solvent (water). Wet massing was donadaling sufficient quantity of water while
mixing until a homogeneous wet mass was producée Wet mass produced was forced
through a 1.7um sieve as part of the wet screening process aad dtf 55C in hot air oven for

1 hr. Then, the dry granules were passed throu@hOaum and 250um sieves to break up
agglomerates and to remove excess fine powdersatagly, to result in granules with uniform
size distribution. The dry screened granules weaasfterred into a plastic container and the
remaining extra-granular ingredients, disintegrgadium starch glycolate), wetting agent
(sodium laurayl sulfate), and glidant (talc), wadkled and mixed for 5 minutes prior to adding
the lubricant (magnesium stearate). The granulesdumixed for 3minutes after addition of the
lubricant. The lubricated granules was then kepa folastic container and kept in a desiccator
protected from moisture and direct light. Finallgllowing the completion of the granulation

process physical characterization of the formulate@shules was done by carrying out tests.
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Table 2: Tablet Formulations

Dry extract- Colloidal silicon dioxide premix
Cassia didymobotrya leaf dry
extract
1. | (equivalent to 3.6 mg sennoside B) 20 100.0D 20 .amo
2. | Colloidal silicon dioxide 20 100.00 20 100.00
Intra-granular Excipients
3. | Lactose 34.30 171.50 34.30 171.50
4. | Microcrystalline Cellulose 14.70 73.50 1440 3.50
5. | Acacia 5 25.00 5 25.00
6. | Sodium starch glycolate 2 10.00 -- --
7. | Purified water Q.s. Q.s. Q.s. Q.s.
Extra-granular Excipients
8. | Sodium starch glycolate 2 10.00 4 20.00
9. | Sodium lauryl sulfate 0.5 2.50 0.5 2.50
10. | Talc 1 5.00 1 5.00
11. | Magnesium stearate 0.5 2.50 0.5 2.50
Total Tablet Weight 100 % 500 mg 100 % 500 mg

3.7.3 Quality assessment of granules

Prior to compression, the lubricated granules wasluated for flow character and
compressibility by carrying out tests like; bulk nddy, tap density, angle of repose,

compressibility index and Hausner’s ratio accordmgfficial methods.

14



3.7.3.1 Bulk density
This is the ratio of total mass of powder to théklmolume of the powder. The bulk density was
determined by placing a weighed powder into a ma&agwylinder and recording the volume.

The bulk density was calculated as follows:

M
D,=—  —-————- Equation (3)
Vy

Where [y is bulk density; M, is mass of powder angli¥/bulk volume of powder.

3.7.3.2 Tap density

This is the ratio of the total mass of powder te tap volume of powder. The tap density was
determined using a Stamp Volumeter, where a weigjuehtity of sample was subjected to a
mechanical tapping and the volume of the powdeerafhpping was determined. Then tap

density was calculated as follows:
Dr=—  ————= Equation (4)

Where [x is tap density, M is mass of powder, angdsd/tap volume of powder.

3.7.3.3 Hausner’s ratio
This is the indirect index for measuring the ea$epawder flow (flowability). This was

calculated as follows:

D
Hausner's ratio = D—r ————— Equation (5)
b

Where I3 is tap density and s bulk density.

3.7.3.4 Compressibility index (Cl)
Compressibility index is a measure that is obtaifiesn bulk density measurement. The

percentage compressibility will be calculated des:

D.— D,

3CI = X100 - —————— Equation (6)

Where I3 is tap density and s bulk density.
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3.7.3.5 Angle of repose

This was determined using funnel method, where pineder was placed in the funnel and
allowed to flow through the funnel orifice freelyrdo the surface covered with graph paper.
Then the height and diameter of the powder cone mvaasured and angle of repose was

calculated as follows:

h
05 xd

tand=—+ = ————= Equation (7)

Where6 is angle of reposd is height of cone powder amits diameter of cone powder.

3.7.4 Preparation of Tablets

Compression was carried out on the obtained luteicgranules by using a single flat faced
round punch with 10 mm diameter. Initially, commies machine adjustment for fill weight and
compression force was done manually; this was ooefi by taking sample of compressed
tablets and testing for the physical parametess, aesthetic appearance, weight, hardness,
disintegration time and friability. In the compress process the machine engine was not
engaged because of the small size of each batels, The filling and punch rotation was done
manually. After completion of the compression pss;eéhe compressed tablets were collected in
a plastic container and kept in desiccation chanpbetected from moisture and direct light at

room temperature.

3.7.5 Quality assessment of compressed tablets
The compressed tablets were evaluated for bothigatyand chemical quality attributes such as;

appearance, uniformity of weight, hardness, frighithickness, disintegration, and assay.

3.7.5.1 Appearance
The compressed tablets were visually inspectedpfoperties like color, shape, smell, and

texture.

3.7.5.2 Uniformity of Weight
This was determined by measuring the individual amdrage weight of 20 tablets that are
randomly selected. Each individual tablet weightwiaigon from the average value was

calculated.
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3.7.5.3 Hardness test
The hardness test was carried out on 10 tabletswbee randomly selected from each batch

using an electronic hardness tester machine (suigietu2E, Switzerland).

3.7.5.4 Friability test
20 randomly selected tablets were pre weighed &wkg in a friability tester machine (Erweka,
Gmbh, type TA3R, Germany) that was operated at @mlutions for 4 minutes. After
completion of the revolution period tablets werenosed from the tester, de-dusted and
weighed. The loss on weight of tablet following thiability study was calculated using the
equation stated below. The tablets should not hesee than 1% of their original weight to pass
the friability test.

Fob = (WW;WJ X100 ————— — — Equation (9)
Where F is friability, W is initial weight of tablets and W is final weigbf tablets (after the
friability test).

3.7.5.5 Disintegration time

The disintegration test was done using a disintegraesting machine (Erweka ZT3-1, Gmbh,

Germany). According to the method described inBRe2013, 6 tablets from each batch were
place in each tubes of the disintegration testdriammersed in a water bath maintained at 37 + 2

°C. The time elapsed for each tablet to disintegnads observed and recorded for each batch.

3.7.5.6 Assay o€assia didymobotrya tablets

This was done as per the method stated in the BB #r assay ofSenna tablets. In this
procedure, 20 tablets were weighed and powderes polvdered tablet containing equivalent of
7.5 mg of total senossides was taken and to thatl30f water was added, weighed, and heated
for 15 minutes on a water bath under a reflux casde Then this was cooled, weighed and
weight adjusted to initial weight with water. Thextare was centrifuged and 20 mL of the
supernatant liquid was transferred to a separdtingel, to this 0.1 mL of 2M hydrochloric acid
was added and shaken with two 15 mL quantitieshtdroform. This was allowed to separate
and the chloroform layers are discarded. Then .00 sodium hydrogen carbonate was added

and shaken for 3 min; centrifuged and 10.0 mL ef skipernatant liquid was transferred to a
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round-bottomed flask with a ground-glass neck. Ais & mixture of 8 mL of iron (lll) chloride
solution and 12 mL of water was added and mixeanTime resulting mixture was heated in a
water-bath heat for 20 min under a reflux condemser 1 mL of hydrochloric acid was added
and heated for further 20 min, with frequent shgkio dissolve the precipitate. The mixture was
then be cooled, transferred to a separating fuandlextracted with three 25 mL quantities of
ether previously used to rinse the flask. The comtbiether extract layer was washed with two
15 mL quantities of water and sufficient quantifyether was added to the ether layer to produce
100mL. 10mL of the resulting solution was evapatate dryness on a water-bath and the
resulting residue was dissolved in 10.0 mL of 1Mageium hydroxide. Then finally, the
absorbance of the resulting solution was measurégeamaximum at 500 nm. The content of
total sennosides was calculated as sennoside BgtakK0 as the value of A (1%, 1 cm) at the

maximum at 500 nm.

18



4.0 RESULTS AND DISCUSSION

4.1 Plant extraction
Cassia didymobotrya contains hydroxyanthracene glycosides which arebs®elin alcoholic
solvent, thus the extraction was done using 80%ethanol.

Extraction of 150 g ofC. didymobotrya leaf powder was done with 80% ethanol and
concentrated to dryness by adding acetone usirggaayrevaporator. 30.2 g crude extract was

obtained from the extraction procedure and thegrgage yield was calculated to be 20.13%.

The dried extract o€. didymobotrya leaf was deep dark brown colored, with a charestieri
smell, shiny and crystalline like in appearancet 8ad to become sticky and liquefied when left
in the open air at room temperature and relativaility. Thus, the extract was kept in a sealed

container that was placed in a desiccation chamber.

4.2 Evaluation ofCassia didymobotrya leaf and dry extract
The presence of hydrooxyanthracene glycosidé&s. ididymobotrya crude extract was detected
by carrying out Bontrager’s reaction. This was aoméd positive by the formation of a rose

pink color in the ammonia layer.

The total content of hydroxyanthracene glycosigethe dried leaflets of. didymobotrya was
determined using UV-visible spectrophotometer. tethod specified on BP f&enna leaf was
used. Following this method the total content ofifoxyanthracene glycosides, expressed as

sennoside B, was calculated to be 1.077% w/w (T&ple

The total content of hydroxyanthracene glycosidepressed as sennoside B, in the dry extracts
produced formC. didymobotrya leaf was determined using the method specified énf@
standardize@®enna leaf dry extract, and it was calculated to be 3W@%o(Table 3).
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Table 3: Total percentage content of hydroxyanthraene glycosides

Percentage content of hydroxyanthracene
glycosides
Preparation (n=3)
Standard
% content w/w o %RSD
Deviation
PowderedC. didymobotrya leaf 1.077 0.008 0.743
C. didymaobotrya leaf dry extract 3.60 0.047 1.314

The total content of hydroxyanthracene glycosidespressed as sennoside B, in t@Ge
didymobotrya leaf dry extract was determined to be in the ranfge.56 - 3.65 % w/w (average
3.6% wi/w). This value is low when compared to stadizedSenna leaf dry extract. Senna is
reported to contain hydroxyanthracene glycosidalsutated as sennoside B, in a range between
5.5% - 8.0%. C. didymobotrya leaf extract contained about 64.7% to 66.6% of
hydroxyanthracene glycosides in the standard&seda extract (British Pharmacopoeia, 2016).
This lower value may be due to the time of colettdf the leaves. As per a study done on
Senna (Cassia angustifolia Vahl.) to determine the influence of leaf picking time sennosides
content, it was found that the best time to colteetleaves in order to get the highest percentage
content of sennosides was 90 days after sowind.i$hehen the plant is still very young. So the
study recommended that the collectionSafina leaves should be done 90 days after sowing to
get maximum sennosides contents (Upadhgayal., 2011). But in the case of thé.
didymobotrya leaves collected for this particular study, thenplwas a very old. So this could be
one reason why the percentage content for senrsoside very low. The other reason could be
the geographical location where the plant was groitre leaves o€. didymobotrya used for
this study were collected only from a single logafiKiambu County, Kenya, but before making
any conclusion about the plant further studies khdi¢ done on the plant collected from
different geographical locations and comparison ukhobe done to identify the best
environmental condition under which the plant givegher sennosides content. If all these

studies are done, th&h didymobotrya could become a competitive source of sennosides.
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4.3 Granulation
In this studyC. didymobotrya tablets were formulated using wet granulation métand tablets
were evaluated for bulk density, tap density, Hausratio, compressibility index, ad angle of

repose following methods in official monograph pdares.

The granules obtained from the different formulasidFormulation 1 and Formulation 2) had
bulk density ranging from 0.53 g/érto 0.56 g/cm and tap density ranging from 0.59 gfcro
0.63 g/cni (Table 4).

Characterization of granules flow was done by deiteing Hausner’s ratio and compressibility
index based on the values obtained for bulk derssity tap density. The values obtained range
from 1.12 to 1.13 for Hausner's ratio and 10.17%1dl1% for compressibility index (Table 4).
In reference to official monograph, a material westtmpressibility index value ranging between
11-15% and Hausner’s ratio ranging between 1.18-1slconsidered to possess good flow
character (British Pharmacopoeia, 2013).

Angle of repose was also used to characterize lthve ¢haracter of the granules. The values
obtained for angle of repose range from 310542.3 (Table 4). A value of angle of repose
ranging between 31-35° indicates ‘good’ flow wherea value between 41-45° indicates
‘passable’ flow and may hang up (British Pharmaexpa2013).

Thus, based on the results obtained for comprdisgilbidex and Huasner’s ratio, the formulated
granules from both formulations were rated as demnwith ‘good’ flow character. On the
contrary, based on the values obtained for angleepdse, the granules of formulation | have
better flow character than formulation Il. The degzancy observed in the results obtained for
the scale of flow character may not be attributethe formulation difference in the two batches,
since in both cases equivalent proportion of bbthextract and the other excipients were used
and the only difference made was in the order ditemh of the disintegrant. Rather this may be
as a result of relying on manual mixing and siewiiigch makes it hard to standardize and make
it consistent throughout. The other reason couldtle nature of the testing methods used for
flow characterizations being qualitative method d=elf be a source of discrepancy in the
values obtained (Shadal., 2008).
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Table 4: Granules Micromeretic Property

_ _ Formulations
Micromeretic property : :
Formulation | Formulation Il

Bulk Density 0.53g/cth 0.56g/cn
Tap density 0.59g/ctn 0.63g/cm
Hausner’s ratio 1.12 1.13
Compressibility index 10.17 11.11
Angle of repose 31% 42.3

4.4 Tableting
Two batches (Formulation | and Formulation 11) @f didymobotrya tablets of batch size 120
tablets were made at uniform fill weight of 500 @ugd compression force of about 81N. The

tablet pressing machine used is shown in Platdl@he

Plate 2Tableting machine
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4.5 Quality assessment of compressed tablets
Appearance: tablets were flat faced; light green, smooth, ahdty in appearance with an
average diameter of 10 mm and 5mm thickness.

Uniformity of Weight: Randomly selected 20 tablets from each batch wesighed, mean
weight and standard deviation was calculated. ®silts for uniformity of weight test are
presented in Table 5.

Table 5: Results of Uniformity of weight test

Mean Min Dev. Max. Dev.
) No of tablets )
Formulation _ weight STDEV Form the From the
weighed _ ) )
g Weight Mean weight | mean weight
Formulation | 20 0.50 0.010 -4.19% +1.80%
Formulation Il 20 0.49 0.012 -2.83% +3.24%

As per BP 2013, the acceptance limit for uncoatddets with tablet weight 250 mg or more is
+5% deviation from the average weight. This meas,more than two of the individual tablet
weight should deviate from the average weight byartban 5% and none should deviate by

more than 10% from the average weight (BritishrRia@opoeia, 2013).

In reference to this monograph, all batches ofetabhave passed the uniformity of weight test
and there was no single tablet that has deviated the mean weight by more than 5%.

Hardness test: Randomly selected 10 tablets form each batch waighsd individually and
hardness test was done using hardness tester raa¢Boheuliger-2E, Switzerland). The
hardness testing machine used and the resultafdnéss test are presented in Plate 3 and Table

6 respectively.
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Plate 3: Hardness testing machine

In this study a compression force of average 858 &h5N was used for formulation | and
formulation 1l respectively. A relatively higher mpression force was chosen because tablets
formulated at 40-70 N compression force failedftiability test during machine setting process
and the appearance of the tablets was not smoattslany. However, the choice of higher
compression force has not affected the disintegratime significantly and the disintegration
time was still within range when compared to theigs stated fofenna tablets in BP, which is
“maximum time, 60 minutes” (British Pharmacopo&@]l6). Thus, a decision was made to use
higher compression force/harder tablet after caomfig that the higher hardness value does not

affect the other quality parameters.

From the results presented for hardness test ineT@ht can be seen that since a higher
proportion of the values for individual tablets quession force lie far from the mean value for
hardness test, a larger value for standard dewmiati@s obtained. This shows that hardness test
done for both formulations have low precision. Qeason for this higher value of standard
deviation could be the fact that the compressiorthef tablets was done manually without
engaging the engine, thus there could be a possiblnsistency in the compression force
applied on the powder fill in the dies resultingarvariation in the force required to break the
tablets. Second reason could be the fact thatdbgment used to test hardness was very old

and hence my not guarantee repeatable results.
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Friability test: A measurement of a tablet tendency to powder,,caiqa fragment during
handling and transport was made on 20 randomlgtseldablets from each batch. The sampled
tablets were subjected to mechanical stress usialgility tester (Erweka, Gmbh, Type TA3R,

Germany) and the loss on weight following the agaplinechanical stress was calculated.

Friability values for both types of formulations mgawithin the specified limit of acceptance (i.e.
not more than 1%) (British Pharmacopoeia, 2013abHity values ranged from 0.4 to 0.70 %.
Hence, both formulation | and formulation Il havasped the test for friability. However, in
comparison to one another formulation | has betedency to withstand powdering, chipping
and fragmentation of tablets during handling amdigport. The Friability testing machine used

and the results for friability test are presente®liate 4 and Table 6 respectively.

Plate 4: Friability testing machine

Disintegration test: Disintegration test was done on randomly selesigdtablets from each
batch using a disintegration testing machine (EewekT3-1, Gmbh, Germany). The
Disintegration testing machine used and summaryhef results for disintegration test are

presented in Plate 5 and Table 6 respectively.
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Plate 5: Disintegration testing machine

From the two formulations, formulation | displayedtter disintegration time profile with an
average of 17.5 minutes. However, formulation Bpiiiyed longer disintegration time profile
with an average of 23.3minutes. This can be ateibuo the mode of addition of the super-
disintegrant, sodium starch glycolate. In formwatl, equal distribution of super-disintegrant in
both intra-granular and extra-granular phases wagemConversely, in formulation I, the same
disintegrant was added only extra-granular. Thetiaedof a disintegrant both intra-granular and
extra-granular will serve as dual function; thetjwor added extra-granular quickly breaks down
the tablet to granules, and the portion added -muaaular further breaks the granules into
smaller particles. This in turn resulted in fadinliegration and hence, short disintegration time
(Remingtonet al., 2006). However, when compared to the acceptanaé dtated forSenna
tablets on BP, which is “maximum minutes, 60 mistitboth formulations have a disintegration

time that was still within range (British Pharropoeia, 2016).
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Table 6: Results of Quality assessment of tablets

Unit of _ Standard
Test Parameter Sample size Mean o %RSD
measure deviation
— Uniformity of weight g 20 0.50 0.010 1.932
c
-% Hardness N 10 85.3( 9.900 11.611
g Friability % 20 0.40 -- -
E’ Disintegration time Min 6 17.75 0.420 2.35Y7
_ Uniformity of weight g 20 0.49 0.012 2.404
S Hardness N 10 81.5( 8.440 10.35
= —
S Friability % 20 0.70 - --
£ — —
S Disintegration time Min 6 23.33 2.880 12.322

Assay ofCassia didymobotrya tablets: The method stated in BP for assaySafina tablets was
used to determine the percentage content of hydrdkyacene glyscosides @ didymobotrya
tablets. In this procedure 20 tablets were weigiretlpowdered. The powdered tablet containing
equivalent of 7.5 mg of total senossides was takeugh the procedure. Summary of the results

for assay test are presented in Table 7 below.

Table 7: Assay results ofC. didymobotrya tablets

Unit of Content | Standard
Test Parameter n Mean _ o %RSD

measure in mg | deviation

c

= Assay

I _ % 3 94.44% | 34 1.019 1.079

= (% content)

S}

LL

c

o

= Assay

S = % 3 91.77 % 3.3 0.387 0.421

= (% content)

g
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Following this procedure the percentage contenhyafroxyanthracene glycosides, in the two
tablet formulations o€. didymobotrya, expressed as sennoside B was determined usingsJV-
spectrophotometer by measuring the absorbance Gatnb®naximum and it was found to be
94.44% for formulation | and 91.78% for formulatitin Both values obtained for percentage
content lie within the acceptance range; in congparito the value stated f8enna tablets (i.e.
85% to 115% of the stated amount) since the methiodssay ofSenna tablets on BP was used
(British Pharmacopoeia, 2016).

The values for percentage content of total hydroly@acene glycosides, calculated as
sennosides B indicate that, 94.44% and 91.78%eo$tited amount of sennosides are present in
formulation 1 and Formulation 1l respectively. Inther words, 3.4mg and 3.3mg of
hydroxyanthracene glycosides, equivalent to sedessB are present, from the label claim of
3.6mg of hydroxyanthracene glycosides, equivalentsénnoside B, in formulation | and

formulation Il respectively.
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5.0 CONCLUSION AND RECOMMENDATION

5.1 Conclusion

This study showed that, extraction of hydroxyantare glycosides from the leavesCdssia
didymobotrya can be done by maceration with ethanol. The derglact was found to be
hygroscopic. This hygroscopicity issue was overcdmeincorporating an absorbent in the
formulation. The leaf extract &. didymobotrya contained 3.6%w/w of total hydroxyanthracene
glycosides, expressed as sennoside B. This vall®visvhen compared to that &nna leaf

extract.

In the formulation of the extract into a tabletl|lalal silicon dioxide was used effectively as an
absorbent to overcome the hygroscopicity of theaekt It was also found that incorporation of
the disintegrant both intra-granularly and extrargdarly resulted in tablets with better

disintegration.

5.2 Recommendation

From the finding the content of hydroxyanthracerngcagsides was low, and with the
understanding that the leaves were sourced fromlémplantC. didymobotrya. Further work
should be done using leaves of the plant cultivatelihe with commercially cultivate@enna.
This will also allow studies using the pods of ghent. It is further recommended that the extract

thereof be formulated into a capsule dosage form.
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