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ABSTRACT

Cancer is one of the leading cause of death world-wide. The present first line therapy
for cancer involves surgery followed by radiation therapy and chemotherapy. The
usefulness of therapy is directly associated with the treatment capacity to target and kill
cancer cells without affecting healthy cells. Unfortunately this strategy produces severe
side effects caused by chemotherapeutic agents. The patient discontinues the treatment
either due to intense side effects or very high cost of therapy. This fact triggers
researcher to search for chemotherapeutic agents which may be economical with less
or no side effects. In last few decades it was reported by scientists that silver
nanoparticles possess cytotoxic, antiproliferative and antiangiogenic activity. Moreover

it is also reported that it possess activity against ulcerative colitis and colon cancer.

Raupya bhasma is the ancient concept of nanomedicine and used as immunomodulator
but no report is available regarding its activity against colon cancer. The safety of
raupya bhasma at therapeutic dose is already confirmed by its use since ancient time.
The Maximum Tolerated Dose (MTD) of raupya bhasma was reported to be more than
1.5g/kg and lethal dose (LDso) was 2.0g/kg. However the therapeutic dose of raupya
bhasma for adult human being is only 100mg/ day.

To consider this, it was decided to carry out the screening activity of raupya bhasma

against colon cancer and then development of doses form for targeting the colon.

Raupya bhasma was prepared by traditional method and standardised using traditional
method as well by modern analytical techniques. Anti-inflammatory activity of raupya
bhasma was evaluated using denaturation of protein assay method. Activity of raupya
bhasma was also evaluated against colon cancer using HCT116 cell lines. Further,
microsphere of raupya bhasma and coated granules of raupya bhasma were prepared

and evaluated for colon targeted drug delivery.

Raupya bhasma was found to be of nanorange and crystalline in nature. Anti-
inflammatory activity of raupya bhasma was found to be better than diclofenac sodium.
Activity of raupya bhasma against colon cancer was found to be better than 5-
Fluorouracil (5-FU). Microsphere and coated granules deliver the drug to colon

successfully but coated granules shows better release profile of raupya bhasma to colon.
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1 INTRODUCTION

1.1 Colon
The gastro intestinal tract (GIT) consists of stomach, small intestine and large intestine.
The large intestine (covering from the ileocecal junction to the anus) is divided in to

three main parts i.e. colon, the rectum and anal canal®. The length of colon is about

59inch long, and has five major segments (Figure 1.1)%2,

Transverse
colon

<

Ascending N i \
colon f Sigmold colon
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T
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4

Figure 1.1: Parts of Colon

The ascending colon to proximal transverse colon develops embroyologically from the
midgut and the distal transverse colon to sigmoid colon develops from the hind gut.

While observing the plain abdominal radiographs, the colon is seen to be filled with

fecal material along with air.
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1.1.1 Parts of Colon

1.1.1.1 Ascending Colon

It lies vertically in the utmost lateral right part of the abdominal cavity. The proximal
blind end (pouch) of the ascending colon is known as caecum. The ascending colon
takes a right-angled turn just below the liver (right colic or hepatic flexure) and converts

to transverse colon, which has a horizontal course from right to left2.

1.1.1.2 Transverse Colon

Just below the spleen transverse colon turns to right angle and becomes the descending
(left) colon, which lies vertically in the most lateral left part of the abdominal cavity.
The descending colon lead to the sigmoid colon (inverted V-shaped), which then

becomes the rectum?.

1.1.1.3 Paracolic gutters

Paracolic gutters lies to lateral to ascending and descending colon are the right and left
of the peritoneal cavity, through which fluid/pus in the upper abdomen can trickle down
into the pelvic cavity. The ascending and descending colon are related to the kidney,
ureter, and gonadal vessels of the corresponding side that lie behind them in the

retroperitoneum; the ascending colon is also related to the duodenumz,

1.1.1.4 Sigmoid Colon

The transverse colon and the sigmoid colon have a mesentery (ie, transverse mesocolon
and sigmoid mesocolon, respectively), but the ascending colon and descending colon
are retroperitoneal, while the cecum is intraperitoneal but uses the mesentery of the
ileum. The transverse mesocolon base lies horizontally across the duodenum and
pancreas. The greater omentum has several parts, including the 4 layered omental apron
hanging down off of the transverse colon and the 2-layered gastrocolic ligament

connecting the greater curvature of the stomach and the transverse colon.

Three longitudinal teniae coli are present in the cecum, ascending colon, transverse
colon, descending colon, and sigmoid colon; they are not present in the rectum. In the
ascending and descending colon, they are present anteriorly and on the posterolateral
and posteromedial aspects. Appendages of fat, containing small blood vessels, called

omental appendages (appendices epiploicae) are attached to colon?.




Chapter 1: Introduction

1.1.2 Blood Supply

One of themajor function of the colon is to provideenvironmentally friendly condition
for the growth of colonic micro flora, absorption of potassium and water from the lumen
as storing reservoir of faecal matter anddischarge of its contents. The capacity of
absorption of colon is very high. Approximate 2000 ml of fluid pass in the colon via
the ileocecal valve among which more than 90% of the fluid gets absorbed. As per an
estimate the colon holds only near about 220 g of wet material comparable t035 g of
dry matter. The major component of this dry matter consists of bacteria. The colon

tissue contains the villi, lymph, muscle, nerves, and vessels?.

1.1.3 Common disorders of Colon

The severity of colorectal diseases may vary from mildly irritating to life threatening
and comprise a broad range of conditions and ailments. Due to lack of awareness many
patients did not take right medication in early stage. It is proven that screening and
treatment of colorectal disease in early stage lead to increase in rate of survival'?2,

1.1.3.1 Colorectal Cancer

Cancer of colon and rectum is called colorectal cancer. More than 90 percent of patients
suffering from colorectal cancer are elderly (over 40years). As an estimate one lakh
fourty thousand people strikes with colorectal cancer which may lead to death of sixty
thousand patients every year. Colorectal cancer can be detected by chemical test of stool

and digital rectal examination?.

If symptoms like bowel habits and rectal bleeding appear, the patient is advised to visit
a colon and rectal surgeon for consultation. It may determine if the patient suffering
from bowel disease or is a case of colon cancer.For complete cure, surgery is required

in almost all cases of colorectal cancer?.

1.1.3.2 Ulcerative Colitis
Inflammation of colon is called ulcerative colitis. Chronic colitis may lead to colon

cancer and affects about five lakh people worldwide, mainly under age of 30.
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1.1.3.3 Crohn's Disease

Chronic inflammatory condition of intestinal tract is called Crohn’s disease. It affects
young adult between 16-40 years of age. Crohn’s disease is predominantly reported in
developed countries (industrially advanced) mainly prevailed in United States and
northern Europe. It is diagnosed by physical examination, barium X-ray of upper and

lower intestinal tract and sigmoidoscopy or colonoscopy?.

1.1.3.4 Irritable Bowel Syndrome (IBS)

It is a common intestinal muscle functioning disorder which affects more than 30
percent of the American population at some point of time, the data of Indian population
is not verified but is expected that same percentage of Indians are also affected by the
syndrome. Itinvolves a cumulative symptoms of constipation, diarrhea or combination

of both accompanied by pain. Sometimes the situation is life threatening?.

1.1.3.5 Diverticular Disease

This is yet another type of colon related disorder and affects mostly the elderly patients.
In the conditions there is a formation of some sort of pockets called diverticula on the
wall of colon. The patients with age between 60-80years of age, are at risk of

diverticular disease.

With routine colon and rectal examinations, diverticula can be detected and diverticular

disease may be prevented.

1.1.3.6 Hemorrhoids
Millions of patients currently suffering from hemorrhoids, which is one of the most
common colorectal ailment. It effects more than 50 % the world population and the

development of hemorrhoids, usually takes place after the age of 30.

If there is a formation of hard sensitive lumps then it may be a case of external

hemorrhoids. These become painful when the blood clot develops in them.

The internal hemorrhoids growinside the anus, underneath the linings and are well-
known by painless bleeding and protrusion during the movements of bowel. It may be
due to overuse of enema or laxatives. It also may result with the habit of spending long
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period of time on toilet seat. It also may occur during pregnancy, chronic constipation

and diarrhea.

1.1.3.7 Anal Fissure
These are small tearsinside layer of the anus caused byhard, dry bowel movements,
inflammation or diarrhea of the anorectal area. The diagnosis can be done by checkup

following pain, hemorrhage and/or itching of the outer area of anus.

The disease can be cured by use of stool softeners, taking care of constipation and/or

soaking in sitz bath (warm water).

1.1.3.8 Bowel Incontinence

Bowel incontinence is a condition in which the capability to control stool or gas release
gets reduced due to weakened anal muscle caused by nerve or muscle injury.This type
of problem are generally prominent inold age. Some women also suffers from bowel

incontinence due to child birth.

It can be overcome by use of medicament meant for constipation, dietary changes and
easier home exercises to toughen muscles. In some of the cases, biofeedback may be
used to support patient sense when stool is ready to be evacuated.Weak anal muscles

can be repaired with surgery.

1.1.4 Ulcerative colitis

Inflammation of GIT is known as inflammatory bowel disease (IBD). It is a broad term
used for a group of chronic inflammatory disordersinvolving the gastrointestinal
tract. The etiology of IBD is still unclear. There are two major types of the condition,
Crohn's disease (CD) and ulcerative colitis (UC). These can be clinically characterized
by repeated inflammatory participation of intestinal sections with numerous
manifestations often resulting in an unpredictable course®. Ulcerative colitis is the
inflammatory condition of colonic mucosa of unknown etiology. In its most restricted
form, ulcerative colitis may be limited to the distal rectum, however in its most
comprehensive form the entire colon is involved. More than 80% of the patients present
with disease spreading from the rectum to the splenic flexure, and about 20% have
pancolitis®. The epidemiology, natural history, diagnosis and treatment contributed

significantly in current few years.
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1.1.41 Symptoms

Initial symptoms of ulcerative colitis include diarrhoea, blood in stool, pain, weight
loss, arthralgia, fever, loss of appetite, ophtalmopathies, nausea, vomiting, abscesses,
fistulae and lymph node swelli®. Symptoms of mild, moderate and chronic UC is

reported in table 1.1.

Table 1.1: Symptoms of mild, moderate and chronic UC

Symptoms Chronic Moderate Mild
Stool frequency per day (mostly bloody) >6 4-6 <4
Temperature (° F) > 100 99-100 Normal
Pulse (beats/min) > 100 90-100 <90
Weight loss (%) > 10 1-10 None
Albumin (g/dL) <3 3-35 Normal
Haematocrit (%) <30 3040 Normal
Erythrocyte sedimentation rate (ESR) > 30 20-30 <20
(mm/h

1.1.4.2 Epidemiology

Ulcerative colitis islinked with repeated attacks with complete remission of symptoms
in the interim. The disorder is more common in certain type of population as compared
to others. Caucasians are more effected than Blacks or Orientals. Surprisingly the Jew
population has a three to six fold risk of the disease. Both sexes are equally affected.
The highest occurrence of both diseases (UC and CD) is among ages 15 and 35, it has
been reported in almost every span of life. A hereditary incidence of IBD is under
recording of occurrences. In Asia, Africa and South America, cases of UC is reported
less as compared to European country. Breast feeding, smoking and appendectomy are
associated with reduced rick of UC. Depression, western diet, left-handedness may

increase risk of UC>5,

1.1.4.3 Pathophysiology
The cause of UC still remains unclear. The major pathophysiology involved in UC is

inadequate regulation or over stimulation of mucosal immune system. So, the emphasis
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should be given to study of immunological reactions or mucosal inflammation. In active
form of disease, the mucosa of lamina propria getshighly infiltrated with acute and
chronic inflammatory cells. There is a predominant escalation in mucosal
Immunoglobulin G (IgG) production, indication of complement activation, and
stimulationof macrophages and T cells. The above mentioned immunological activity
is connectedthrough the discharge of a vast array of leukotriene, platelet activating
factor (PAF), cytokines, kinins and reactive metabolites of oxygen. Discharge of these
mediators not only limited to intensify the immune and inflammatory response, but they
also play a major role and have direct effects on epithelial function, on endothelial
function (which may increase permeability and lead to ischemia), and on repair
mechanisms, thus increasing collagen synthesis. On the other hand, many of the
cytokines (interleukins 1 and 6, tumour necrosis factor) will trigger an acute phase

response which may lead to fever and a rise in serum acute phase proteins’.

1.1.4.4 Diagnosis
The diagnosis of UC is made on clinical suspicion. It can be confirmed by stool
examinations, biopsy, barium radiographic examination, sigmoidoscopy or

colonoscopy®.

1.1.45 Complication

Foremostobstacles of UC comprise toxic mega colon, intestinal perforation, and
massive bleeding. Toxic mega colon is characterized by a sepsis-like syndrome and
extensive distension of the colon (>6 cm). Chronic blood loss lead to microcytic
anaemia. Complication of chronic ulcerative colitis may lead to colon cancer. The risk
for cancer are generally seen after ten years of colitis.

1.1.4.6 Medication

There is no an effective medicine to cure the UC but the mainstream treatment depends
on reduction of the abnormal inflammation in the colon lining and thereby relieves the
symptoms of diarrhoea, rectal bleeding, and abdominal pain. The treatment depends on
the severity of the disease; therefore treatment is adjusted for each individual®. Most
people with mild or moderate ulcerative colitis are treated with corticosteroids
(dexamethasone) to reduce inflammation and relieve symptoms*!. Near about 25% of

patients with UC using steroids become steroid-dependent after one year, and virtually
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all develop steroid-related adverse events?2. Other drugs as immune modulators
(azathioprine and 6-mercapto-purine) that reduce inflammation by affecting the
immune systemand amino salicylates are available'®. However, the side effects
associated with amino salicylates is typically accompanied with adverse side effects
such as dizziness, nausea, changes in blood chemistry (including anaemia and

leukopenia) and skin rashes*.

1.1.5 Traditional and alternative medicine in treatment of ulcerative
colitis

Proanthocyanidins isolated from grape seed were investigated for their activity in the

healing of recurrent ulcerative colitis (UC) in rats'®. Another study confirmed this fact

as, Proanthocyanidins isuseful in anti-inflammatory activity in case of the acute phase

of 2,4,6-trinitrobenzenesulfonic acid (TNBS) induced colitis in rats'®.

The administration of alcohol extract of Garcinia cambogia (Clusiaceae) in TNBS-
induced colitis rats improvedsignificantly the macroscopic damage and caused
considerable reductions in myeloperoxidase (MPOQO) activity and Cycloxegenase-2
(COX-2) expression. In adding, Garcinia cambogia extract was able to decrease
prostaglandin E2 (PGE2) and IL-1Y7.

Zingiber Officinale (Zingiberaceae) extract was evaluated for anti-ulcerative colitis
activity. Activity against UC showed a prominant effect of ginger extract against acetic
acid-induced ulcerative colitis. The effect may be possible due to antioxidant and anti-

inflammatory properties of extract of Zingiber Officinale®®.

The protective effects of Angelica sinensis (Apiaceae) polysaccharides could be

explained partially by oxidative stress and glutathione (GSH) depletion®®.

The effect of polysaccharide obtained from Rheum tanguticum (Polygonaceae) on
hydrogen peroxide-induced human intestinal epithelial cell injury and it was found that,
Pre- treatment of the cells with RTP could significantly elevate cell survival. Rheum
tanguticum polysaccharide may have cytoprotective and anti-oxidant effects of Rheum

tanguticum polysaccharide for the treatment of ulcerative colitis in rats?.
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Camellia sinensis (Theaceae) extract was found to be effective in the treatment of
ulcerative colitis. Both diarrhoea and loss of body weight can be significantly attenuated

by the treatment with Camellia sinensis extract®*.

Aqueous extract of root of Withania somnifera (Solanaceae) showed anti-oxidant
activity by reducing (Hydrogen peroxide) H.O2 and (Nitric oxide) NO.%,

Glycoprotein isolated from Gardenia jasminoides has reported effective in (Dextran

sodium sulphate) DSS induced UC in mice?.

The ethanol extracts of Ficus bengalensis (Moraceae) may lead to decrease disease
activity index and colon mucosal damage index in rats with inflammatory bowel

disease?,

Patrinia scabiosaefolia (Valerianaceae) are commonly used in anti-inflammatory

diseases, mainly for colonic inflammations, hepatitis and other virus infections?.

Avicennia marina (Acanthaceae) decreased the glutathione peroxidase, lipid peroxides

of colon, and serum nitric oxide?®.

Dried seeds aqueous extract of Benincasa hispida (Cucurbitaceae) possess prominent
antioxidant activity in a dose-dependent manner?’. The aqueous extracts of dried seed

produced noteworthy reduction in ulcer index in Wistar albino rats?.

Methanol extract of leaves of Rhodomyrtus tomentosahas been investigated by
researcher on the production of inflammatory mediator’s Nitrous oxide and
prostaglandin E2. The methanol extract of leaves of Rhodomyrtus tomentosa mediated
inhibition, as well as target enzymes, were studied with RAW264.7peritoneal
macrophage, and HEK293 cells to determine molecular mechanism. In addition, the in
vivo anti-inflammatory activity of this extract was also carried out with mouse gastritis
and colitis models. Methanol extract of leaves of Rhodomyrtus tomentosaclearly
inhibited the generation of NO and PGE?2 in lipopolysaccharide activated RAW?264.7

cells and peritoneal macrophages in a dose-dependent manner?®.

Berberis vulgaris fruit extract (BFE) with three different doses (375, 750, and 1500

mg/Kg) was administered orally or rectally prior to ulcer induction. Berberine chloride




Chapter 1: Introduction

(BEC) (10 mg/KQg), prednisolone (5 mg/Kg), hydrocortisone acetate enema (20 mg/Kg)
and normal saline (5 mL/ Kg) were considered as respective controls. The tissue was
assessed macroscopically for damage scores, area, index and weight/length ratio. They
were also examined histopathologically for inflammation extent and severity, crypt
damage, invasion involvement and total colitis index. Results indicated that greater
doses of oral BFE (750, 1500 mg/Kg) as well as BEC (10 mg/Kg) were effective to
protect against colonic damage. By rectal pre-treatment, the extract was only effective
to diminish the ulcer index and the efficacy was not significant for mucosal
inflammation parameters. In conclusion BFE, which is nearly devoid of berberine, was
effective to protect against colitis and this might be attributed to its anthocyanin

constituents®.

UC has a lesser prevalence in smokers than non-smokers. Studies using a transdermal

nicotine patch have shown clinical and histological improvement®L,

Curcumin possesses marked activity against ulcerative colitis and Crohn’s disease®.

During clinical studies, it has been proved that Aloe verais effective and safe for the

treatment of ulcerative colitis®e,

Bromelain is a proteolytic enzyme and is found effective in UC. It shows improvement
of histologic and clinical severity of colonic inflammation for a murine colitis model of

IL-10-deficient mice®*.

During double-blind clinical trials, it has been reported that the Psyllium seeds possess

marked activity against ulcerative colitis®.

Guggulsterone is found effective against DSS-induced murine colitis as evaluated by

colon length, histology andclinical disease activity score®.

Diammonium glycyrrhizinate obtained from Glycerrhiza glabra and found effective
against inflammation of intestinal mucosal in rats and, prominently, decreases

expression of TNF-a significantly in inflamed colonic mucosa®”.

10
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In a clinical study 30 patients were administered with 900mg of Boswellia gum
preparation thrice a day and 10 patients were administered with sulphasalazine, 3gm,

thrice a day. The Boswellia gum was found to be effective against ulcerative colitis®.

Tannins and flavonoids are found to be effective in treatment of ulcerative colitis. Green
tea polyphenols was reported to possess marked activity against ulcerative colitis®.

Silymarin is a flavonoid component obtained from Silybum marianum. It is found to be

active against ulcerative colitis*,

Terminalia chebulaextract (600 mg/kg) also possess healing activity against acetic
acid-induced colonic damage score and weight when administered orally daily for
14 days*.

1.1.5.1 Bacterial recolonization

Alteration in GIT flora may lead to UC. Probiotics as supplement is beneficial in such
cases. The available clinical data shows the role of intestinal micro biota in the
pathogenesis of IBD and there by provides an evidence that alteration in the intestinal
micro biota with the help of probiotics can be helpful in the treatment of disease. E.g.
Bifidobacteria infantis has been found to reduce the inflammatory response of the gut
lining by inhibiting the bacteroides. Lactobacillus plantarum has also been reported to
be used in IBD. A probiotic formulation containing no of microbes (VSL#3) used in
case of ulcerative colitis although its clinical efficacy is not certain. E. coli has also

been used in case of ulcerative colitis but its clinical efficacy depends upon its dose**-
46

1.1.5.2 Iron supplementation

The gradual loss of blood from GIT often lead to anaemia. Adequate disease control
usually improves anaemia of chronic disease, but iron deficiency anaemia should be
treated with iron supplements. In Ayurveda lauha bhasma and mandur bhasma is

recommended in iron deficiency anaemia®’.

11
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Figure 1.2: Proposed hypothesis for mechanism of herbal and alternative medicine
for treatment of ulcerative colitis.

1.1.5.3 Conclusion

Herbal and alternative medicine play important role in prophylaxis and cure of UC. As
the pathophysiology of UC is still not clear but the possible mechanism of herbal and
traditional medicine for treatment of UC is described in Figure 1.2. Alkaloids and
terpenoids may be used in Ulcerative colitis because of antioxidant and antiulcerogenic
activity. Anti ulcerogenic activity may be due to increase secretion of mucous.
Phenolics (flavonoids, tannins) and saponins may act by antioxidant, cytoprotective and
antiulcerogenic activity. Saponin and Ayurvedic bhasma may act by
immunomodulation and anti-inflammatory activity. Prebiotic and probiotic helps in
recolonisation of GIT flora. The proposed hypothesis may trigger the researcher to

investigate new medicine which can be used in treatment of ulcerative colitis.
Traditional and alternative medicine in treatment of ulcerative colitis

The cancer of colon (large intestine) is called as colon cancer. It is a mucosal disease

that initiates from caecum and continues throughout up to rectum. Colon cancer is the third
most common type of cancer in US. Most of the medicine used for the treatment of cancer have severe

side effects.\Very few research have been carried out to investigate the role of herbal and
traditional medicine especially in colon cancer. Taxol, Etoposide, Vinca alkaloid,
Curcumin, Berberine are very few molecule which got attention of scientist but these

12
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all molecules have major problem of stability and severe toxicity. In last decades it was

reported by scientist that bhasma could be good candidate for treatment of cancer.

1.2 Approaches for Targeted Drug Delivery to Colon

The conventional drug delivery system for colonic disease may lead to absorption of
drug across biological membrane of gastrointestinal tract (GIT). The absorption of drug
throughout GIT may lead to increase in dose and associated side effects. Colon targeted
drug delivery (CTDD) is a method of delivering medicament to increases concentration
of the medicament in colon relative to other part of GIT. The aim of CTDD is to
localize, prolong, target and have protected drug interaction to diseased tissue.The aim
of targeted drug delivery (TDD) is effective and selective localization of medicament
into the target site at therapeutic dose with restricted or no access to non-target sites. A
targeted drug delivery system play important role in drugs having low solubility ,
instability, short duration of half-life, poor absorption,large volume of distribution, low
specificity and narrow therapeutic index*®4°. Therapeutic efficacy of targeted drug
delivery is maximum because it prevents degradation of medicament during
transportation to the target site. It can also minimize adverse effects because of
inappropriate disposition and minimize toxicity of potent drugs by reducing dose. The
colon is a site where both systemic and local delivery of medicament is possible. Local
delivery allows topical treatment variety of bowel diseases such as ulcerative colitis,
Crohn’s disease, amebiosis, colon cancer and local treatment of colonic
pathologies®®®l. The colon targeted drug delivery system can be used for systemic

delivery of medicament (protein and peptide drugs)®2.

1.2.1 Primary Approaches for Colon targeted drug delivery

Primary approaches that are used for colon targeted drug delivery (CTDD) are as follow
(Figure 1.3)

13
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Figure 1.3: Approaches of CTDD
1.2.1.1 pH Sensitive Polymer Coated Drug Delivery

The colon specific drug delivery using pH Sensitive polymer can be achieved as the pH
in gastrointestinal tract (GIT) varies. The pH of some colon specific polymer is mention
in Table 1.2.This can be accomplished by coating using suitable polymer that are
resistant at lower pH of the stomach but that will dissolved/ degrade at neutral pH of
the colon. The polymer used for coating should be resistant to the acidic condition of
the stomach but gets ionize and get dissolved beyond a definite alkaline pH found in
small intestine. Thus by using the same concept it is possible to deliver drugs to the
terminal of ileum or colon by use of enteric polymers with a comparatively high
threshold pH for dissolution and following drug release. Frequently used enteric
polymer for targeting to colon is methacrylic acid and methylmathacrylate that dissolve
at pH 6 (Eudragit L) and pH 7 (Eudragit S) have been examined. But the pH of the
distal is 6. This colonic delivery system, thus have aninclination to release the drug
prior reaching to colon. The problem of premature release can be overcome by using a
copolymer of methacrylic acid, methyl methacrylate and ethyl acrylate (Eudragit FS)
which gets dissolve at sluggish rate and at higher threshold pH 7 to 7.5 was stated. One
must question the impact of gastrointestinal disease on targeting of medicament to

colonsince patient suffering from ulcerative colitis are known to have distinctly
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lowercolon pH®%°, Polymer used in pH Sensitive Polymer Coated Drug Delivery is

shown in Table 1.2.

Table 1.2: Polymer and their threshold pH for CTDD

Polymer Threshold pH
Eudragit® L 100-55 55
Eudragit® L-30D 5.6
Eudragit® L 100 6.0
Eudragit® FS 30D 6.8
Eudragit® S 100 7.0
Hydroxypropyl Methylcellulose Phthalate 4.5
Polyvinyl Acetate Phthalate 5.0
Hydroxypropyl Methylcellulose Phthalate 50 5.2
Cellulose Acetate Trimellate 5.0
Hydroxypropyl Methylcellulose Phthalate 55 5.4

1.2.1.2 Time dependent drug delivery

In this approach, drug release takes place after a predetermined lag time. The normal
transit time of medicament in the stomach is about 2 hr. which may differ with
situations, thoughin the small intestine it is comparatively constant and may take around
3hr. For targeting of drug to colon, time taken to reach the drug to colon should be
similar to lag time (5 h). The lag time of a medicament rely upon GITmotility and the
dosage form size. Among all, one of the most primitive methodsbased on time
dependent drug delivery is the Pulsincap device. This Pulsincap device comprises of a
non-disintegrating half capsule body which is sealed at the open end with a hydrogel
plug, which is enclosed by a water-soluble cap. The complete unit is coated using an
enteric polymer to elude the problem of variable gastric emptying. When the capsule
passes throughthe small intestine, the enteric coating gets dissolved and the hydrogel
plug begins to swell. The quantity of hydrogel is adjusted so that it pops out only after

the stated period of time to release the medicament to colon. %-5°,
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1.2.1.3 Microbially Triggered Drug Delivery

The microflora found in the intestine varies from the range of 10'!-10* CFU/mL, which
may contain mostlythe anaerobic bacteria, e.g. eubacteria, ruminococcus, clostridia,
bifidobacteria, bacteroides, enterococci and enterobacteria. Fermentation of these
substrates (disaccharides, trisaccharides and polysaccharides) is the energy source of
this huge microflora with numerous types of substrates which have been remains
undigested in the small intestine. For the purpose of fermentation of undigested food,
the microflora produces a huge number of enzymes like aabinosidase, deaminase,
azareducatase, xylosidase, galactosidase, nitroreductase glucoronidaseand urea
dehydroxylase. As the biodegradable enzymes present in the colon, use of
biodegradable polymers for colon targeted drug delivery is recognised as a more site
precisemethod as compared to other methods. Prodrug approach is another choice of
microbially triggered drug delivery as bacteria present in colon produces numerous
enzymes which help in biotransformation of prodrugs. These diversity of enzymes,

chiefly of which are from bacterial origin present in the colon, are essential®®®*,

Microbially triggered drug delivery involve prodrug approaches of drug delivery and

polysaccharide based drug delivery.

1.2.1.4 Prodrug Approach for Drug Delivery

Prodrug is defined as pharmacologically inert derivative of a parent medicament that
needs spontaneous or enzymatic transformation in vivo to release the active drug.
Various prodrug have been investigated which are susceptible to bacterial hydrolysis
especially in the colon. In prodrug approach drug is attached to hydrophobic moieties
like azo linkage, amino acids, glucoronic acids, glucose, glactose, cellulose etc®?.

Metabolism of azo compounds (Prodrug) by intestinal bacteria is one of the
mostcomprehensively studied bacterial metabolic process®-°,

Drawbacks of the prodrug approach is that it is not applicable to all types of drug.It

depends upon the functional group present on drug moity for chemical linkage.
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1.2.1.5 Polysaccharide based drug delivery

The polymers used in polysaccharide based drug delivery protect the medicament from
the surroundings of stomach and small intestine, and are capable to target the drug to
the colon. The micro-organism present in colon causes assimilation of polysaccharide
based polymer. Microflora of colon produces enzyme that break down of the polymer
back bone leading to a consequentdecrease in their molecular weight of polymer and
thereby loss of mechanical strength. Once the mechanical strength of polymer

reducesmedicament liberated in colon®’.

1.2.2 Recent approaches for CTDD

Primary as well as recent approaches of CTDD is shown in Figure 1.3. The recent

approaches of CTDD is as follows

1.2.2.1 CODES™ technology

CODES™ is a recent and distinctive colon targeted drug delivery approach which was
made to eludeor overcome the intrinsic difficulties associated with pH dependent or
time dependent drug delivery. CODES™ is a collectivetactic of microbially triggered
and pH dependent drug delivery system. In this system lactulose play an important role
and acts as a trigger for site specific drug release that is in colon. One of the example
of configuration of CODES™ comprises of a core tablet which is coated with three
layers of polymer using suitable coating technique. The outer layerof unit is composed
of a Eudragit® L. Once the unit (CODES™)passes through the pyloric and into the
duodenum, Eudragit® L coating dissolves and exposes to second layer of
coating.Second layer of coating is made up of Eudragit®E. Eudragit®E coating is
resistant in the environment of the small as well as large intestine. The undercoating
allows lactulose to gets release into the environment adjacent to the tablet. Metabolism
of lactulose produces short chain fatty acids which may lead to decrease in pH. Once
the pH lowerto certain level Eudragit E gets dissolves and drug release in colon. In this
way CODES™ techniques deliver the drug to colon safely without releasing to nan

target site58°°,

1.2.2.2 Osmotic controlled drug delivery (ORDS-CT)
If targeting of drug to colon is not achieved by other techniquesthen osmotic controlled
drug delivery is the choice. ORDS-CT can be as simple as single osmotic unit or may
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be a combination of as many as 5-6 push-pull units, each one of which may have
diameter of 4 mm andencapsulated with in a hard gelatine capsule. OROS-CT units can

release medicament with uniform rate up to 24 h in the colon’™,

1.2.2.3 Pressure Controlled Drug-Delivery Systems

The robust peristaltic waves in the colon that lead to a momentarily increased luminal
pressure is the basis of pressure controlled drug delivery in colon. Due to pressure in
the lumen of colon release of medicament takes place following disintegration of water

soluble polymer™.

1.2.2.4 Bio adhesive system

This method has been developed upon principle of adhesion between drug and the
biological membrane by the virtue of which the medicament remains in contact with
particular organ for longer duration. It lead to extended residence time of the drug
molecule it tends to high local concentration. This approach can be applied to colon
target delivery system. Various polymers employed for bio adhesive system are
polycarbophils, polyurethanes, polyethylene oxide and polypropylene oxide’?.
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2 LITERATURE REVIEW

2.1 Bhasma

Nanomedicine are gaining popularity day by day owing to their various therapeutic
applications with more efficacies and lesser side effects. The popularity is due to their
specific and selective pharmacological action. Bhasma the ancient concept of nano
medicine is used treatment of various chronic ailments since 7" century BC. It is very
clear from the history of civilization traditional medicines were used to cure human
aliments in every possible condition. In modern era we can use them over the synthetic
molecules because they have fewer side effects 2. Bhasma is the calcination product
of inorganic and organic substances. Bhasma as a medicine is a mystery due to severe
side effect associated with metal when administered internally®. As per ayurvedic
physician bhasma is nontoxic if metal is processed according to ancient ayurvedic
literature. The rational pharmaceutical and therapeutically approach of Ayurveda in
general and Rasa shastra in particular has transformed metal into medicinal form. The
processes of shodhana (purification/potentiation) and marana
(calcinations/detoxification — treatment with that quantum of energy which is needed
for physico-chemical conversion of raw materials to Bhasma: a therapeutic form) which
are very individualized in terms of material, media, method and absolute medicinal
form®. The bhasmas are taken along with honey, milk, butter or ghee which makes these
elements easily assimilable, eradicating their adverse effects and improving their
biocompatibility®. Our ancient literature describes various method to ensure the quality
of bhasma. In current few year tremendous work has been carried out to ensure the
quality of bhasma. The present review deals with ancient as well as modern method of
preparation of bhasma, therapeutic application of almost all bhasma and their method
of characterisation by traditional method ( as per ancient literature) and using modern

analytical techniques.
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2.2 Preparation of Bhasma

Bhasma can be prepared by putapaka method and kupipakwa method®’. Summarised

method of preparation is shown inFigure-2.1

Method of Preparation of Bhasma

Y

Putapaka Method

"

and heated to red hot or melted and

Pure metal and minerals are powdered

quenched in a particular liguid media

|

specific drug forincinerationand are

specific time

Shodhita material are then Mixed with

levigated by particular liquid media for

|

From levigated doughy mass, pellets
are prepared and taken into earthen

smeared clothes

crucible andjunction issealed by mud

W

intraditional putaor electric muffle

This apparstusissubjected for heating

furnace
L

limit, allowed to cool

Burning iscontinued for a specifictime

|

The procedure is repeated untilfine
bhasma ischtained

Y,

Kupipakwa Method

N,

FPure metal and minerals are powdered
and heated to red hot ar melted and
quenched ina particular liguid media

V

After sodhana, metalsare subjected to
amalgamation with mercury andthen
purified sulphur is mixed and triturated
till black, |sterless, fine and smooth

mass is prepared

Prepared kajaliis levigated by particular
liquid mediafor certain period

Y,

Itis allowed to complete dryness and
filled ina glass bottle covered by seven
layers of mud smeared cloth

Y,

Bottle is then subjected to sand bath for
indirect and homogeneous heating fora
certain period

uls

After self cooling, bottle is broken,
sublimed, the product is collected from
neck and bhasma is collected from
bottom of bottle and ground to powder
form

Figure 2.1: Methods of preparation of bhasma

In recent time burning (Calcination) process is done in crucible at specific temperature
as per nature of metal and the remaining procedure is kept same for preparation of

bhasma.

26




Chapter 2: Literature Review

2.3 Bhasma as nano medicine

Bhasma is considered as biologically produced nanomedicine as the size of individual
particle is found in nano range. Heating of metal during sodhana may lead to increase
in tension causing expansion of metal foil followed by cooling in liquid media lead to
decrease in tension and increase in compression force. Repeated heating and cooling
process may lead to brittleness, reduction in hardness and finally reduction in particle
size. It is confirmed by various research carried out for characterisation of bhasma. The
size of swarna bhasma and silver bhasma were found to be of 56 and 16 nm

respectively’.

2.4 Chemical nature of bhasma
Bhasma is produced by the process of calcination of metal and minerals. Calcination of
metal may lead to conversion of metal into its metallic oxide®°. Major chemical

composition of bhasma is reported in Table-2.1.

2.5 Evaluation of bhasma

The quality of bhasma can be evaluated by traditional method of evaluation (Bhasma

pariksha). Evaluation can be done by physical and chemical test!®*?,
2.5.1 Physical test

2.5.1.1 Nishachandratva
Bhasma can be observed under bright sunlight to detect the presence and absence of
lustre. A good quality of bhasma should be free from metallic lustre indicating metal is

completely converted in ash.

2.5.1.2 Rekha Purita
Small amount of bhasma is taken between the thumb and index finger and spread, it
should be so fine as to get easily into the furrows of finger lines indicating that the size

of bhasma is reduced to very fine size.

2.5.1.3 Varitara
When a small quantity of bhasma is spread on cold and distilled water, it should float
on the surface. Properly calcined bhasma will float over surface of water. This test is

performed to evaluate lightness and fineness of bhasma.
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25.1.4 Unama

It is further assessment of varitara test. In this test a rice grain is kept over floating
bhasma and observed either bhasma float or sinks. If grain float over bhasma, then it
can be concluded that the bhasma is excellently prepared.

2.5.1.5 Anjana sadrusha sukshmatva
When bhasma is applied on eye lid as kajal should not cause any irritation indicating

prepared bhasma is of micro fine size.

2.5.1.6 Gatarastva
Very small quantity of bhasma is placed over tongue for any specific taste. The good
quality bhasma should be tasteless.

2.5.1.7 Mridutva and slakshnatva
This test is performed to detect softness and fineness of bhasma. A good quality of

bhasma should be very fine and soft in touch.

25.1.8 Avami

The bhasma on oral administration should not produce nausea.
2.5.2 Chemical test

2.5.2.1 Nirdhumatva
Small amount of bhasma is taken in spatula and subjected to heat treatment on flame
directly. If no fumes are produced it indicates that bhasma is free from organic impurity.

2.5.2.2 Apunarbhava

This test is applied to metallic bhasma only. In this test bhasma is mixed with equal
quantity of mitra panchaka (seed of Abrus pecatorius, honey, ghee, borax and jagery)
and sealed in earthen pot then similar grade of heat used for preparation of particular
bhasma is applied and on self-cooling product is observed. If any particle with lusture

is found indicating bhasma is not properly calcined.

2.5.2.3 Niruttha
In this test bhasma is mixed with fixed weight of silver leaf and sealed in earthen pot

then similar grade of heat used for preparation of particular bhasma is applied and on
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self-cooling, weight of silver is taken. Increase in weight of bhasma indicate improper

preparation of bhasma.

2.5.2.4 Amla pariksha

Small amount of prepared bhasma was mixed with a little quantity of curds in a petri
dish and a little amount of lemon in a neat and clean test tube for any colour change.
No colour change of curd and lemon was observed indicating metal is completely

concerted into ash.

2.6 Evaluation of bhasma by Modern analytical technique
Traditional method of evaluation of bhasma is self-satisfactory but not accepted by
modern scientist. To consider this and to enhance the acceptance of bhasma as nano

medicine it is necessary to characterise it using modern analytical technique.

2.6.1 Lossondrying

When bhasma gets exposed to atmosphere absorb moisture and particles of bhasma
associates each other may lead to fail of varitara and unama test even the quality of
bhasma is good. It can be understood by particle size analysis report by zeta sizer and
SEM the particle size of copper oxide was found bigger in tamra bhasma when analysed
with SEM obviously due to agglomeration of particles®.

Weigh accurate sample of bhasma. Transfer in tared weighed petriplate. Transfer the
petri plate containing bhasma in hot air oven maintained at 105°C. Takeout the petri
plate from hot air oven at certain interval and weigh on analytical balance. Repeat the
procedure until constant weight.

Initial weight-Final weight
Moisture content = -------=-=-=-=-=-mmmmmmm oo X 100
Initial weight

2.6.2 Particle Size

As per literature the size of bhasma lies in nanorange so particle size was determined
using a laser diffraction particle size analyzer (Zetasizer Nano ZS90). Bhasma was
suspended in the chamber of the particle size analyzer containing distilled water, and

subjected to dynamic light scattering (DLS) to analyse the particle size®.
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2.6.3 Morphological characterisation and size distribution:
For morphological characterisation and size distribution of bhasma, scanning electron

microscopy and transmission emission microscopy is generally used®.

2.6.4 Structural analysis

Fourier-transformed infrared spectroscopy (FT-IR) spectroscopy can be used for
structural analysis using potassium bromide disc. The bhasma can be analysed by
recording their spectra in the wavelength range 4000-400 cm™. The bhasma should be
free from any organic impurity. Presence of organic impurity indicates that bhasma is
not processed in proper way or process of calcination is not complete®.

The prepared bhasma can be analysed for their crystallinity or amorphous behaviour
using X-ray diffraction (XRD). Generally metal oxide are crystalline in nature®.
Chemical composition of bhasma:

The chemical composition of bhasma is analysed using energy dispersive x-ray analysis
(EDX) attached to SEM°.

Reported preclinical activity of Bhasma

Preclinical activity about different bhasma is reported in Table-2.1.

Table 2.1: Preclinical activity about different bhasma

Bhasma Main Traditional  Reported Preclinical activity Reference
chemical Use
composition
Lauha  Ferricoxide In treatment Antianaemic 12,13
Bhasma (Fe203) of Anaemia,
Diabetes,

tuberculosis
Naga Lead oxide  Appetizer,

Bhasma (PbsOa) Imunomodul
ator
Swarna  Aurous Immunomod  Analgesic,  Arthritis, free- 14,
Bhasma oxide ulator, radical scavenging activity 15,16,17,1
(Au20) and Aphrodiasic, Anti-cataleptic,  anti-anxiety 8,19,20
Auric oxide Cardiac and anti-depressant activity
(Au2053) stimulant Immunomodulator,

Antioxidant
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Bhasma Main Traditional  Reported Preclinical activity Reference
chemical Use
composition
Raupya Argentous Aphrodiasic, Hypolipedimic, Anticataleptic, 21,22,23,2
Bhasma and Argentic Immunomod Analgesic 4
oxide ulator, Anti-
(Ago, Ag20) ageing
Tamra  Cupric oxide Wound Hepatoprotective 24
Bhasma (Cuo) healer,
purgative,
wound healer
Yasada Zinc oxide Ophthalmic  Inarrest of myopia 25
bhasma (Zno) nourisher,
Immunomod
ulator
Praval  Calcium Antacid Treatment of bone metabolic 26,27
Bhasma carbonate disorder (Osteoporosis)
Mukta  Calcium Antacid anti-inflammatory 28
shouktic oxide
bhasma

Mandur Ferric oxide Immunomod Hepatpocurative, Anti anaemic 29
bhasma ulator,
Anaemia

2.7 Toxicity of Bhasma

Accumulated toxicity report on the hazardous effects of heavy metals have made health
scientists apprehensive to use metal as medicine. However, Ayurvedic metal based
medicine (bhasma) is used in treatment of various disease. Other thanAyurveda, the
traditional system of medicine of China and Egypthave described about ample use of
metals.Heavy metals are toxic, but their oxides are usually not. FDA has approved
Arsenic trioxide to be used in acute leukemia.If the bhasma is not preparedin correct
manner, it would be toxic to human.Preparation of bhasma involves several calcination
cycles, which lead to conversion of a metal into mixed oxides. Transformations of metal
in to oxide may lead to conversion of the zero valent metal state into a form with higher
oxidation state and the most important aspect of this synthesis is that the toxic nature
(i.e. systemic toxicity causing nausea, vomiting, stomach pain, etc.) of the resulting

metal oxide is completely destroyed while inducing the medicinal properties into it®°.
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2.8 Current Understanding of Synthesis and Pharmacological

Aspects of Silver Nanoparticles
Metallic nanoparticles, including zinc, silver, iron, gold and metal oxide nanoparticles,
have made knowncountlesspotential in biomedical application. Due to their large
surface area to volume ratio such properties are observed®®3, SNPs or nanosilver (NS)
are emerging as one of the fastest growing product in the field of nanotechnology. In
daily life NS is used in room spray, wall paints, water purifier and laundry detergent.
SNPs are also incorporated in textiles for manufacturing of cloth, vests, underwear and
socks. It is estimated that all nano materials in medical and healthcare sector, NS
application has higher degree of commercialization. A wide category of product is
already available in market. In medical sector they are used in wound dressing,
contraceptive devices, surgical instrument and bone prostheses. SNPs or NS are being
used increasingly in catheters, wound dressingsand various household products due to
their antimicrobial activity®:. The antibacterial property of silver has been known for
thousands of years with the ancient Greeks cooking from silver pot. The antimicrobial
activities of silver were in practice to keep water safe as early as 1000 BC. In recent
year it is proved that antimicrobial properties of silver is due toreleased Ag+ ions. The
first documentedtherapeutic use of silver goes back to 8th century®2. Treatment of ulcers
with the use of Silver nitrate was a common practice during 17th and 18th century. Now
a days, the silver is in practice in medical sector as a biocide to prevent traumatic
wounds infection in burns, and diabetic ulcers®. Interaction of silver with structural
proteins and preferentially binding with DNA bases causes inhibitionof replication.
Additionally, bactericidal properties of silver has also been recognised to inactivation
of the enzyme (phosphomannose isomerase)®*. Presently silver is considered a non-
essential accumulative element. Silver is widely distributed in human body fluid and
tissues including heart, lungs, aorta, blood, erythrocytes, plasma, bones, brain, breast,
caecum, oesophagus, colon, diaphragm, duodenum, hair, ileum, larynx, kidney, urinary
bladder, urine, liver, pancreas, adrenal gland, thyroid gland, lymph nodes, muscles,
nails ovary, prostate gland, rectum, serum, skin, spleen, testes, teeth (dentine and
enamel), trachea, uterus etc. Such wide distribution in the human body suggests that

this metal could have some specific functions which are not clear at present °.
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There has been a resurgence of promotion of colloidal silver as an alternative
medicinesince 1990’s. It was claimed with colloidal silver that it can treat various
diseases being an essential mineral supplement®3’. Even though the products of
colloidal silver are legally accessible as health supplements, still it is illegal in USA to
make claim of medical effectiveness of silver in colloidal state. The marketable product
stated to as colloidal silver comprises solutions that contain various concentrations of
compound of ionic silver. Unlike other modern medicine, the manufacturing of
colloidal silver is not subjected to quality controland colloidal silver of various
concentrations and particle sizes are available in market. In recent time, there are no
fact-based medical uses for colloidal silver through oral route. The national center of
USA for complementary and alternative medicine has issued an advisory showing that
the therapeutic claims made about colloidal silver are not supported scientifically °.

2.9 Method of preparation of SNPs

SNPs can be prepared by traditional Ayurvedic literature, physico-chemical method

and biological method.

2.9.1 Traditional Ayurvedic method

Bhasma is the calcination product of inorganic or organic substances and claimed to be
biologically produced nanoparticles. Silver nanomedicine of ancient Ayurveda is
known as raupya bhasma. It is prepared by methods described an Ayurvedic text in
Rasendrasara Samagraha. Equal amount of pure silver and sulphur (by weight) are
mixed together with half amount of arsenic trisulphite, then it is soaked in lemon juice
and subjected to calcination. The process is repeated 14 times to obtain raupya

bhasma3®.

2.9.2 Physicochemical syntheses of SNPs

Physical and chemical methods are mainly used for preparation of nanoparticles. SNPs
can be prepared by “top down” and “botton-up” methods. Mechanical grinding methods
are mainly used as a top down method and the reduction of metal by electrochemical
method is used in botton up method®4% SNPs synthesized by different

physicochemical method is shown in Table 2.2.
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Table 2.2: SNPs synthesized by different physicochemical method

S.no Methods Size Reference

1 Chemical method of reduction of the metal salt AgBFs 3-40 12

by NaBH, in water. nm

2 Electrochemical method which involves the electro 10nm 13
reduction of AgNOsz in aqueous solution in the
presence of polyethylene glycol

3 Sonodecomposition of an aqueous silver nitrate 20 14
solution in an atmosphere of argon-hydrogen

4 Electrostatically complexing silver ions with an 5- 15
anionic surfactant aerosol in extremely stable liquid 40nm
foam. The foam is then drained off and reduced by
introducing sodium borohydride. These silver
nanoparticles are very stable in solution, suggesting
that the aerosol stabilizes them.

5 Reduction of silver nanoparticles using variable fre- 15-25 16

guency microwave radiation.

2.9.3 Biological synthesis of SNPs
It is also possible to synthesise SNPs by biological methods. Different methods are

reported using bacteria, fungi and plant extracts by different researchers*®’.

2.9.3.1 Synthesis of SNPs using bacteria

The mechanism behind synthesis of SNPs is the existence of the nitrate reductase
enzyme which causes conversion of nitrate into nitrite®®. The bacteria involve in
synthesis of silver nanoparticles is shown in Table 2.3.

Table 2.3: Different bacteria for synthesis of SNPs

Organism Size (nm) Reference
B. licheniformis 50 49
Bacillus megaterium 46.9 50
Bravibacterium casei 50 51
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Organism Size (nm) Reference
Escherichia coli 5-25 52
Enterobacter cloacae 50-100 53
Klebsiella pneumonia 50 54
Lactobacillus fermentum  11.2 55
Proteus mirabilis 10-20 56
Plectonema boryanum 1 to 200 57
P. stutzeri AG259 200 58

2.9.3.2 Synthesis of SNPs using Fungi

It is believed that the mechanism involve in synthesis of SNPs by fungi(Table 2.4) is
trapping of Silver ion (Ag+) in the exterior of the fungal cells and the succeeding
reduction of the silver ions by the enzymes present in the fungal system>%-5L,

Table 2.4: Different fungi for synthesis of SNPs

Organism Size (nm) Reference
Aspergillus clavatus 10to 25 62
Aspergillus flavus 71010 63
Aspergillus fumigatus 5t0 25 64
Coriolus versicolor 25 65
F. oxysporum 20 to 50 66
Fusarium solani 5t0 35 67
Phanerochaete chrysosporium 100 68
Phoma sp. 3.2883 70 69

2.9.3.3 Synthesis of SNPs using Plant

The major mechanism for synthesis of SNPs using plant (table 2.5) involves the
reduction of the ions. The main phytochemicals which participates are flavones,
amides, terpenoids, ketones, aldehydes, and carboxylic acids. Flavones, organic acids,
and quinones are water-soluble phytochemicals that are responsible for the instant

reduction of the ions’®.
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Table 2.5: Different Plant used in synthesis of SNPs

Plant Size (nm) Reference
Aloe vera 15to0 20 71
Azadirachta indica 50 72
Carica papaya 15 73

Cinnamomum camphora leaf 55to 80 74
Cinnamomum zeylanicum bark 50to 100 75

Coriandrum sativum leaf 26 76
Desmodium triflorum 5t0 20 77
Jatropha curcas 10to 20 78
Medicago sativa 21020 79
Piper betle leaf 3to 37 80

2.10 Pharmacological Aspects

Different researches independently reported several pharmacological activities of
Silver Nano Particles. The activities reported includes antibacterial, antifungal,
antiplatelet, antiproliferative, antiangiogenic, anti-inflammatory, analgesic, cytotoxic,
genotoxic. Recently reported activity of Silver NPs include against ulcerative colitis,

colon cancer and HIV-I|. 3581-9,

2.11 Toxicity

In minute concentration, silver is considered to be non-toxic in normal use. One of the
most important side effect reported for silver product is argyria. Argyria is irreversible
grey to black colouration of skin due to deposition of silver in sub dermal layer. Argyria
is just a cosmetic problem it do not cause any physical harm3..

On the other hand raupya bhasma (Ancient silver nanomedicine) was consider as safe
at due to their use from ancient time therapeutic doses.

Recently it is proved scientifically by Inder D et al (2011) who had carried out toxicity
of raupya bhasma on mice and concluded that minimum toxic dose of raupya bhasma
was 1.5 g/kg and and LDsowas 2.0 g/kg. However the therapeutic dose for human being
is 125 mg only.
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2.12 Probiotics

Pharmaceuticals have not been able to completely control the global morbidity and
mortality in case of both acute and chronic diseases. Hence, search for the other
alternatives has always been there®. The old age quote of Hippocrates becomes most
pertinent in the current health scenario i.e. “let food be thy medicine and medicine be
thy food”®. In the late 90’s, microbiologists identified the difference between the micro
flora of the diseased human beings and those of normal human beings. The beneficial
micro flora were termed as “probiotics”®. There are billions of bacteria present in
human Gastro Intestinal Tract (GIT) forming about 1 kg of the human weight, which
includes both harmful as well as beneficial bacteria. Together they are called as gut
flora. Delicate balance between the harmful and the beneficial bacteria is responsible
for maintenance of health. When this balance is disturbed, the person becomes diseased.
One of the ways to regain this balance is the external administration of probiotics
(beneficial bacteria) into the body of the diseased person. Probiotics include a large
number of different types of bacteria that are normal inhabitants of human GIT. The
most common among them are various species of Lactobacilli and Bifidobacteria. They
reside in small intestine and colon. Probiotics have been able to attract the maximum
attention among several food supplements as they have additional benefits beyond their
nutritional value ®’. In 1965, Stillwell and Lilly introduced the term “probiotics”. The
term is made up of two words Latin preposition pro means "for" and the Greek
adjective Buwtikdgmeans “biotic”. Hence, it means “for favour of life”. According to
World health organisation (WHQO) and Food and Agriculture Organization (FAQ) it is
defined as “living microorganism intended for administration into the host body in

adequate amount so as to confer health benefits”®°.

2.12.1History

It has been known since long that there are benefits of using fermented milk products
and poultices of bread moulds. But Ellie Metchnikoff started the probiotic therapy via
fermented milk products in 1907. In 1915, the therapy was used for the treatment of
urogenital infections. However, in the intertwining period of 7-8 decades less study is
reported on probiotics due to an increased interest in antibiotics. These were labelled as

“alternative medicines”. Recently there has been a resurgence of probiotics due to
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demand of consumers for better treatment. This resurgence can also be attributed to

development of resistance against antibiotics®.

2.12.2Probiotic criteria

An organism must fulfil the following criteria in order to be considered as probiotics:
There should be high cell viability, and should be able to survive in low pH. Even if
strain cannot colonize in gut, it should have the ability to persist.They should have the
ability to adhere to the epithelium of GIT so as to overcome the flushing effect due to
peristalsis. They should have the ability to interact or to send signals to the immune
cells associated with GIT, capable of being isolated from humans, processing

resistance, non-pathogenic and positive influence on local metabolic activities.

A dose of five billion colony forming units are generally recommended for adequate
health benefits. Probiotics should be Generally Recognized as Safe (GRAS). Probiotics

preparations involve the use of both single as well as mixture of microorganisms®.

2.12.3Mechanism of action of probiotics

To explain the effects of probiotics several mechanisms have been proposed. The
effects can be attributed to a number of activities and their action is proposed to be
multipronged. Probiotics stimulate the intestinal lactase activity. They partially digest
the lactose and can be used in the case of lactose intolerance and in certain types of
diarrhoeal®. Various fermented milk industries use lactobacilli in order to decrease the
lactose concentration in the dairy products which ultimately affects the severity of
osmotic diarrhoeal®. Lactic acid bacteria inhibit the growth of various pathogenic
microorganisms present in dairy products by producing various metabolites such as free

fatty acids, bacteriocins and hydrogen peroxide etc?.

Probiotics also cause modification in the toxin receptors and thus hinder the toxin
receptor mediated pathology of disease'®. They also offer competitive inhibition
during colonization to the pathogenic bacterial®. The other mechanisms involve
lowering of pH, releasing the gut protective metabolites, production of mucous and
regulation of gut motility*®. Gastrointestinal mucosa acts as an interface between the

body’s immune system and theexternal environment. Whenever there is decrease in gut
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flora the antigen transportation increases. This clearly depicts that gut flora maintain
the gut defences (Figure 2.2)104 105,

The interaction between the gut epithelialand immune cells with non-pathogenic
probiotic micro-organisms may lead to generation of immunological signals. This
interaction occurs in the Peyer’s patches!®. Probiotics also modulate the
immunoglobulin (Ig) production. They increase the production of IgA, a secretory
immunoglobulin which plays an important role in mucosal immunity and thus act as a
barrier against the various pathogenic microorganisms and virusesi% 197 It has also
been demonstrated that probiotics also causes induction of T independent IgA%,
Probiotics also increase the production of certain types of cytokines tumour necrosis
factor- a (TNF- a), interleukins-10 (IL-10). The up and down regulation of immune

response is also affected by probiotics so as to maintain the intestinal homeostasis®®.
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Figure 2.2: Barrier to antigen absorption in intestine.
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2.12.4Probiotics in health

The overall health of the person depends upon his/her eating habits and life style. In
ancient time humans used to take enormous live bacteria but as the concept of hygiene
developed, there has been a decrease in intake of live bacteria along with the food. The
dietary habits in the western world are a cause of development of certain diseases like
ulcerative colitis. Their diet lacks fruits, vegetables and omega-3 fatty acids. Due to
which they have more chances of development of diseases such as heart diseases and
cancer. The increase in allergic and inflammatory conditions, obesity, heart diseases
and cancer has been found to be proportional to the decrease in probiotic content in the
diet!,

2.12.5Probiotics in specific diseases

2.125.1 Allergies /Eczema

Probiotics are very effective in treatment of food allergy especially in case of infants
suffering from atopic eczema or cow’s milk allergy. With the use of Lactobacillus GG,
there occurs a significant clinical improvement among the people suffering from atopic
dermatitis. The clinical improvement is accompanied by reduction in inflammatory

markert® 112

2.12.5.2 Antioxidant activity

Bacillus coagulans RK-02 has been reported to produce extracellular polysaccharide
having four heteromonosaccharides as its constituents. This has shown a significant
antioxidant and free radical scavenging activity!'3, The powerful antioxidant activity is
also shown by Streptococcus thermophilus. It protects the body from many dangerous
free radicals that develop in the body due to aging, sugar, stress, antibiotics other toxins
and chemicals'®. Significant antioxidant activity is also shown by Bifidobacterium
bifidum due to which it has been reported to produce protection to the intestinal lining

from the lipid peroxidation in iron over loaded mice!®.

2.12.5.3 Antibacterial activities
Multiple probiotics via in vitro studies have been found to be effective against many of
the pathogenic microorganisms including Listeria monocytogenes, Salmonella

typhimurium, E.coli and H.pylori. Therefore, prototypic antimicrobial substances can
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be obtained from probiotic agents. It may prove to be useful for the pharmaceutical

companies to develop new antibiotics!*6:17,

2.12.5.4 Diarrhoea

Probiotics are used for prevention as well as for the cure of various types of diarrhoea.
The activity of dietary probiotics against various types of diarrhoea successfully
investigated. e.g.

Lactobacillus rhamnosus GG, strains of L. Casel, strains of L. Acidophilus, L. Reuteri,
Escherichia coli strain, Bifidobacteria and Enterococci, and Probiotic yeast
Sacchromyces boulardiit*e,

2.12.5.5 Rota virus diarrhoea

Both preventive as well as curative probiotic treatment is available which has been
proven with the help of randomized, double blind and placebo studies. Bifidobacterium
lactis BB-12 and Lactobacillus rhamnosus GG are used for prevention whereas

Lactobacillus reuteri SD 2222 is used for the treatment in acute cases!!®12L,

2.12.5.6 Antibiotic associated diarrhoea

Although broad spectrum newer antibiotics have been developed with fewer side effects
but they are liable to cause antibiotic associated diarrhoea (AAD).The chances of
incidence ranges from 3.2 to 29/100 patients admitted to the hospital. The
complications of AAD involve: electrolyte imbalance, dehydration, pseudo membrane
colitis. Antibiotics which are used against anaerobic bacteria are supposed to cause

more AAD.Saccharomyces boulardii can be used in the treatment of AAD 122,

2.12.5.7 Radiation induced diarrhoea

The patients who are receiving radiation therapy during cancer usually develop
diarrhoea. A study of high potency probiotics preparation was done on such patients
(double blind and placebo) taking VSL#3 as a preparation. It has been shown that
probiotic preparation decreases the bowel movements and daily incidences of
diarrhoea. From the study, a conclusion was withdrawn that lactic acid bacteria can be
a safe, efficient and easy approach to treat radiation associated diarrhoea in cancer

patients?3,
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2.12.5.8 Traveller’s diarrhoea

It is the diarrhoea associated with the travellers. The chance of incidence ranges from
5 % to 15% depending on destination®® A mixture of Saccharomyces boulardii,
Lactobacillus acidophilus and Bifidobacterium bifidum is found to have high efficacy

in this regard?,

2.12.5.9 Hyperlipidemia

Probiotic strains can be used to lower the body cholesterol level (especially the lactic
acid bacteria). Two strains found in yogurt have been found to have significant
cholesterol lowering effect. These include Lactobacillus acidophilus and
Bifidobacterium lactis. When Lactobacillus sporogenes was given to hyperlipidemic
patients over a period of three months a reduction of 32% total cholesterol level and
35% reduction in low density lipoprotein (LDL). The mechanism behind this effect is
the inhibition of production of HMG CoA reductase. L. plantarum has also been shown

to possess cholesterol lowering activities'?>12,

2.12.5.10 Hepatic diseases

A report was published which demonstrates the role of multicultural probiotics in the
treatment of liver cirrhosis. The study included first one month probiotic treatment
followed by 1 month wash out period, followed again by the second probiotic treatment.
During the study, blood pressure of hepatic portal vein was measured, which usually
was found to lower in case of liver cirrhosis. During the first probiotic therapy period
there was an increase in portal vein pressure followed by decrease in that at the end of
wash out period which again rise during second period of probiotic therapy. The micro-
organisms present in formulation included Streptococcus thermophilus, Bifidobacteria,
Lactobacillus plantarum, L. acidophilus, L. casei, L. debrueckii bulgaricus and

Streptococcus faecum?*?’,

2.12.5.11 Hypertension

Blood pressure (BP) decrease with the consumption of fermented milk products with
species of Lactobacilli. The antihypertensive effect of probiotic is attributed to the
bacterial cell wall components. Moreover the bacteria are known to generate peptides

which have angiotensin converting enzyme inhibiting property*2,
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2.12.5.12 Hemolytic uremic syndrome

This syndrome is usually develops in children taking antibiotic therapy for E.coli'?. In
this syndrome, epithelial injury occurs due to drop in transepithelial electrical
resistance. Such injury can be prevented by pre-treatment of intestinal (T84) cells with
lactic acid producing bacteria. E.coli produces vero cytotoxin which causes
haemorrhagic colitis and haemolytic uremic syndrome in humans. This can be inhibited
by the use of probiotic containing Bifidobacterium longum, which produces substances
that can bind to vero cytotoxins'®, Bifidobacterium longum also offers protection

against Salmonella typhimurium®3Z,

2.12.5.13 Inflammation /Arthritis

Probiotics produce both direct as well as indirect effects. The direct effects produce
locally with in the GIT includes vitamin production etc. The indirect effects which are
produced outside the GIT occur in joints, skin and lungs. Amongst the indirect effects
it exerts its influence on immunity and alters the level of inflammatory mediators.
Modulation of inflammatory response can be localized within the GIT or it may be
systemic. It is postulated that inflammation associated with rheumatoid arthritis can be
modulated with the help of probiotics. In chronic juvenile arthritis, there is a disturbance
in the gut defence mechanism and an alteration in the permeability of GIT which may
account for the inflammation associated with arthritis. The effects of Lactobacillus GG

administration to the patients for two weeks shows remarkable improvement 132,

2.12.5.14 Inflammatory Bowel Disease (IBD)

IBD involves two chronic diseases: Ulcerative colitis and Crohn’s disease

The available clinical data shows the role of intestinal micro biota in the pathogenesis
of IBD and there by provides an evidence that alteration in the intestinal micro biota
with the help of probiotics can be helpful in the treatment of disease. E.g. Bifidobacteria
infantis has been found to reduce the inflammatory response of the gut lining by
inhibiting the bacteroides. Lactobacillus plantarum has also been reported to be used
in IBD. A probiotic formulation containing no of microbes (VSL#3) used in case of
ulcerative colitis although its clinical efficacy is not certain. E. coli has also been used

in case of ulcerative colitis but its clinical efficacy depends upon its dose*31¥',
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2.12.5.15 Kidney stones

Kidney stones develop as the result of increased concentration of oxalate in the urine.
Oxalobacter formigenes is responsible for degrade oxalate with the help of enzyme
oxalyl-CoAPeople with renal stone are found to have less Oxalobacter formigenes
which  ultimately leading to  increased oxalate in  the  urine
(hyperoxaluria).Bifidobacterium breve has also been reported to be beneficial in case

of kidney stones as it also exhibits oxalate degrading property!381%°,

2.12.5.16 Neonatal enterocolitis

Caplan and Jilling reported that supplementation with probiotics can be helpful in
preventing the neonatal enterocolitis. They developed murine model explaining
different characters of neonatal enterocolitis that are clinically and pathologically

important. Bifidobacterium infantis was found to be effective in this case*,

2.12.5.17 Cancer

There are several hypotheses which explain the mechanism of action of probiotics in
treatment of various types of cancers. These include: Detoxification of ingested
carcinogens.Inhibition of bacterial growth and/or production of their metabolites those
are carcinogenic in nature.Inhibition of tumour cells growth via production of specific
compounds.Immune system stimulation against tumour cells.Metabolite production
(e.g. butyrate) which improve apoptosis'#*. Lactobacilli have been reported to prevent
establishment and growth of tumour cell and their metastasis **2. With increase in
consumption of products containing Lactobacilli or Bifidobacterium the chances of
breast and colon cancer reduces 143144, The recurrence of superficial bladder cancer has
been found to be significantly reduced with the consumption of Lactobacillus casie!*.

2.12.5.18 Peptic ulcers

According to a report Lactobacillus salivarius has been found to be useful in H.pylori
induced peptic ulcers as it produces lactic acid which can completely inhibit H.pylori
growth, this in turn, inhibits the inflammatory response associated with it. The first
bacteriocin (natural antibiotic substance) was isolated from Lactobacillus salivarius.L.

casei (strain Shirota) can also be used in case of H.pylori induced peptic ulcert46147,
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2.12.5.19 Lactose intolerance

Probiotics relieve the symptoms associated with intolerance as well as they decrease

oro-cecal transit. Those individuals who have such intolerance can tolerate 12 to 15g of

lactose when probiotic therapy is given. Yogurt is used in case of such patients as it

contains less lactose as compare to milk. Moreover, it contain lactase enzyme and delay

gastric emptying time48-151,
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3 RATIONALE AND OBJECTIVES OF THE STUDY

3.1 Rationale

The inflammation of large intestine known as Ulcerative Colitis (UC) affects about five
lakh people annually, predominantly under the age of 30, and can ultimately enhance
the chances of growing large bowel cancer. Foremost complications of UC include
toxic mega colon, intestinal perforation, and massive bleeding. Toxic mega colon is
characterized by extensive distension of the colon (>6 cm) and sepsis-like syndrome.
Chronic blood loss leads to microcytic anaemia. Complication of chronic ulcerative
colitis may lead to colon cancer. At present, first-line cancer therapy involves invasive
processes such as catheters to permit chemotherapy to shrink any tumour present and
surgical removal of the tumour followed by a regimen of chemotherapy and/or radiation
therapy. The main goal of chemotherapeutic agent and radiation therapy is to destroy
the cells of cancer. In this, the usefulness of the therapy is directly associated to the
treatment’s capacity to target and kill the tumour cells and not affecting healthy cells as
much as possible. This, in turn, is directly related to patient for their quality of life and
life expectancy. Unfortunately, this strategy often fails because of recurrent or
metastatic disease. In some cases, the patients must discontinue the chemotherapy
before the drug has a chance to eradicate the tumour because of its intense side
effects.Another dilemma associated with chemotherapy is the inherent insolubility of
most of the anticancer drugs in water, which necessitates the use of pharmaceutical
solvents for their clinical administration. The use of these solvents may have life-
threatening effects.Antitumor activity of certain metallic compound is well proven.
Anticancer property of cis-platin was exposed in 1969 that encouraged the exploration
of other metal having anticancer activity. Biocompatibility of silver NPs has been
confirmed by various in vitro and in vivo research studies and their use from the ancient
time.The antiangiogenic activity of silver NPs is proved®. Research carried out for
antiangiogenic activity indicates that most of the molecules possessing antiangiogenic
activity are organic in nature and have substantial toxicities like perforations of

gastrointestinal tract.Hence, opportunities exist to search the potentials of
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antiangiogenic molecule which may be inorganic compound with minute or no severe
side effects. Silver bhasma is aperfect model to search such potentials because
biocompatibility of silver NPs has been already confirmed by their use since ancient
time. Recently it is proved scientifically by Inder D et al (2011) who had carried out
toxicity of raupya bhasma on mice and concluded that minimum toxic dose of raupya
bhasma was 1.5 g/kg and and LDsp was 2.0 g/kg. However, the therapeutic dose for
human being is 125 mg only.

Silver bhasma is selected for treatment of colon cancer because, bhasmas are claimed
to be biologically produced nanoparticles. When metal is converted into metal bhasma
the toxicity of metal gets reduced while therapeutic activity gets increased.The
cytotoxicity, antiproliferative and anti angiogenic activity of silver NPs has been
reported. Recently it is reported that SNPs possess activity against inflammation,

ulcerative colitis and colon cancer.

3.2 Objectives

The necessity of present investigation is to develop formulation of Raupya (Silver)

bhasma for colon targeted drug delivery with the following objectives.

e Preparation of raupya (Silver) bhasma

e Evaluation of raupya bhasma by ancient Ayurveda literature

e Characterisation of raupya bhasma using modern analytical technique
e Evaluation of anti-inflammatory activity of raupya bhasma

e Screening of raupya bhasma for anticancer (colon cancer) activity

e Preparation and evaluation of microsphere of raupya bhasma

e Preparation and evaluation of coated granule of raupya bhasma

Development of animal sparing dissolution media for testing the drug release of
polysaccharide based formulations used for colon specific drug delivery.

3.3 Plan of work
> PREPARATION AND CHARACTERISATION OF ROUPYA BHASMA
Preparation of bhasma
» Samanya sodhana (general purification)
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> Vishesha sodhana (special purification)
» Marana
Evaluation of RB by traditional method
Characterisation of RB by modern analytical techniquue
Standard plot of RB
Determination of silver content
Sample preparation
Flame test
SEM
Particle size analysis
XRD (X-ray diffraction analysis)
TGA

Anti-inflammatory activity of silver bhasma

YV V.V VYV V V V V V V

DRUG EXCIPIENT EXTRACTION
On the basis of visual observation
On the basis of FTIR spectroscopy
» FORMULATION AND EVALUATION OF MICROSPHERE FOR CTDD
Formulation of microsphere
Characterisation of microsphere
> Percentage yield
In vitro release of study of microsphere
Preparation of Dissolution Media
In vitro drug release using human fecal slurries
In vitro drug release using goat caecal content

In vitro drug release using probiotic culture

YV V V VYV V

FORMULATION OF COATED GRANULES OF RB AND THEIR EVALUATION FOR
CTDD
Development of formulation (Guar gum and eudragit FS 30D coated RB loaded
granule
» Preparation of RB loaded granule core
» Coating of the Prepared Granules
Characterisation of coated granules
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In vitro release of coated granules
> Preparation of Dissolution Media
» In vitro drug release using goat caecal content

» Invitro drug release of formulation using probiotic culture
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4 EXPERIMENTAL

4.1 MATERIALS AND METHODS

Chemicals/ Materials required in study are given below in Table 4.1

Table 4.1: List of chemicals/ Materials required in study

Chemicals/ Materials Manufacturer

Acetic acid Sd Fine Chemicals Limited, India

Castor oil Central Drug House, India

Dry milk power Everyday milk products, New Delhi, India
Eudragit FS 30 D Evonik Industries, Germany
Glutaraldehyde Central Drug House, India

Guar gum Molychem Manufacturers (P) Ltd., Mumbai, India
Honey Dabur India Ltd., New Delhi, India
Hydrochloric acid Sd Fine Chemicals Limited, India

Iso propyl alcohol Loba Chemie Pvt. Ltd., Mumbai, India
Nitric acid Sd Fine Chemicals Limited, India
Probiotic capsules-Velgut Eris life sciences Pvt.Ltd.

Potassium dihydrogen Loba Chemie Pvt. Ltd., Mumbai, India
phosphate

Sodium chloride Loba Chemie Pvt. Ltd., Mumbai, India
Sodium Dihydrogen Sd Fine Chemicals Limited, India
Phosphate

Sodium Hydroxide pellets Loba Chemie Pvt. Ltd., Mumbai, India
Sulphuric acid Sd Fine Chemicals Limited, India

Twin 80 Sd Fine Chemicals Limited, India
Xanthan gum Molychem Manufacturers (P) Ltd., Mumbai, India

64



Chapter 4: Experimental

Instruments

The sources/ model of the instruments used during the studies are given in the following
Table 4.2:

Table 4.2: List of instrument

Instrument Name Model/source

Centrifuge REMI, India

Coating Pan Raj Analytical service., Mohali,India
Dissolution Test Lab India DS 800, India

Apparatus

Electronic balance (BL- Shimadzu Co. Ltd, Japan
220H)
FTIR Spectrophotometer  Shimadzu 8400 S, Singapore

Hot Air Oven Navyug, India

Hot plate Popular, India

Humidity Control Navyug Q-5247, Ambala Cantt., India
Cabinet

Laser diffraction particle Mastersizer 2000 Ver. 5.22, Malvern Instruments Ltd.,

size analyzer Malvern, UK

Magnetic Stirrer Remi, India

Mechanical stirrer Remi, India

pH Meter Systronics, India
Photomicroscope KYOWA Getner 10390
Ultra Sonicator (Bath) Raj analytical services, India

4.2 Standard plot of raupya bhasma
Solution of raupya bhasma was prepared in 10-50 ppb and subjected to ICP-MS. The

value of intensity obtained for each concentration was noted.
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4.3 Preparation and characterisation of RB bhasma

4.3.1 Preparation of bhasma

Raupya bhasma was prepared as per Ayurvedic literature which involved sodhana

(purification) and marana (detoxification).

4.3.1.1 Samanya sodhana (General purification)
Silver foil was heated till red hot and dipped subsequently in kanji, takra, kulatha,
kwatha, gomutra and tila taila three times each.

4.3.1.2 Vishesha sodhana (special purification)
Sodhit silver was again heated till red hot and dipped in nimbu swarasa (lemon juice).

The process was repeated seven times using fresh juice in each dip.

4.3.1.3 Marana

Sodhit silver leaves were soaked in lemon juice and triturated for making pellets. Pellets
were kept in electric furnace and temperature was gradually increased to 550° C. The
process was repeated 14 times to obtained desired quality of bhasma 2. In each step

lemon juice was added.

4.3.2 Evaluation of RB by traditional method
The quality of bhasma can be evaluated by traditional method for Nishchandratvam,
Rekhapurnata, Varitara test and Unama test’.

Characterisation of RB by modern analytical technique

4.3.2.1 Determination of silver content

Silver content in raupya bhasma was estimated using ICP-MS [Elan-DRCe (Perkin
Elmer)]. Instrumental conditions were as follows:

Power 1100Watt

Nebulizer gas flow  0.93 litre/min

Auxiliary gas flow  1.5litre/min

Plasma gas flow 15 litre/min
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4.3.2.2 Sample preparation

Silver bhasma (0.1g) was weighed accurately and transferred to a 100 ml volumetric
flask, followed by 5 ml AR grade nitric acid. Flask containing silver bhasma and nitric
acid was heated for 10 min on hot plate or until the sample was digested. After digestion
the flask was allowed to cool and volume was made up to 100 ml. The sample was
filtered through 0.45  filter paper. The final solution was subjected to ICP-MS.
Flame test

Sample of bhasma was taken in spatula and heated directly over flame.

4323 SEM

To determine shape and surface features of bhasma scanning electron microscopy was
used. The sample of bhasma was prepared by lightly sprinkling the bhasma on a double
adhesive tape, which was fixed on an aluminium stub for analysis using SEM. The stubs
were coated with gold using a gold sputter coater in a high vacuum evaporator, and

sample wasanalysed by SEM at 15 kV.

4.3.2.4 Particle size analysis

Particle size of bhasma was analysed using a laser diffraction particle size analyser
(Zetasizer Nano ZS90). Bhasma were suspended in the cavity of the particle size
analyser containing distilled water, and subjected to dynamic light scattering (DLS) to
obtain the particle size of bhasma.

4.3.25 XRD (X-ray diffraction analysis)

The X-ray diffraction pattern of raupya bhasma was recorded on X-ray diffractometer
(X’pert pro Netherland) using CuKo. radiation, 1 = 1.5405980 A, filtered by nickel foil
over the range 20.0 — 80.0°. Tension and current applied were 40 KV and 30 mA

respectively.

4326 TGA

TGA tool was utilized to determine degradation behaviour of drug at exposure of
temperature, and the drug amount with no effect of temperature using Perkin Elmer
TGA7
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4.4 Anti-inflammatory activity of silver bhasma
4.4.1 Preparation of test solution

Test solution of raupya bhasma of varying concentration (20 pg/ml, 40 pg/ml, 60

pg/ml, 80 pg/ml and 100 pg/ml) was prepared in phosphate buffer of pH 7.4.

4.4.2 Preparation of standard solution

Standard solution of declofenac sodium of varying concentration (20 pg/ml, 40 pg/ml,

60 pg/ml, 80 pug/ml and 100 pg/ml) was prepared in phosphate buffer of pH 7.4.

4.4.3 Evaluation of in vitro anti-inflammatory activity

In vitro anti-inflammatory activity of raupya bhasma against denaturation of protein
was carried out as per method described by Mizushima and Kobayashi®.The 5ml of
reaction mixture comprised of 0.2 ml of egg albumin (obtained from hen’s egg), 2.8 ml
of phosphate buffer saline (pH 7.4) and 2 ml of different concentrations of raupya
bhasma so as to obtain the final concentration of 20 pg/ml, 40 pg/ml, 60 pg/ml, 80
pg/ml and 100 pg/ml.Triple-distilled water in equal volume served as control.
Subsequently, the mixtures were incubated using BOD incubator (Navyug, India Ltd)
at (37+2) °C for 30 min and heated for 15 min at 70°C. On cooling, the absorbance was
measured at 660 nm (Shimadzu 1800, Japan) by using vehicle as blank. Ostwald
viscometer was used to determine the viscosity of each sample.Various concentration
(20 pg/ml, 40 pg/ml, 60 pg/ml, 80 pg/ml and 100 pug/ml) of Diclofenac sodium was
used as reference drug and treated likewise for determination of absorbance and
viscosity. The percentage inhibition of protein denaturation was determined by using

formula given as follow:
% inhibition = (Vt/ Vc - 1) x 100

Where, Vt = absorbance of test sample, Vc = absorbance of control. The drug
concentration for 50% inhibition (IC50) was determined by plotting percentage

inhibition with respect to control against treatment concentration.
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4.5 In vitro anticancer activity of raupya bhasma
In vitro anti-cancer activity was performed against colon cancer cell line HCT 116 and

compared with standard drug (5FU).

4.5.1 Cell culture, growth conditions and treatments-

Human colon cancer HCT-116 cell line was obtained from European Collection of Cell
Cultures (ECACC, Sigma Aldrich). The cell line was grown in minimum essential
medium (MEM) supplemented with 10% heat inactivated fetal bovine serum (FBS),
penicillin (100 units/ml), streptomycin (100 pg/ml), L-glutamine (0.3 mg/ml) and
NaHCOz (3.8mg/ml). Cells were grown in CO: incubator (Thermocon Electron
Corporation, USA) at 37°C in an atmosphere of 95% air and 5% CO. with 98%
humidity. Cells grown in monolayer cultures were detached with trypsin (0.1% w/v) /
EDTA (1mM) solution. Soon after, cells were ready to detach, the trypsin / EDTA
solution was removed. Cells were dispersed gently by pipetting in complete growth
medium, centrifuged at 200 xg, 4°C for 5min.The required cell suspension (0.6x10%
100ul) was distributed into 96 well plate and incubated in CO2 incubator. After 16h
cells were refreshed with fresh complete DMEM medium. Cells grown in semi-
confluent stage (approx. 70% confluent) were treated with tested material while the
untreated control cultures received only the respective vehicle (< 1%).

4.5.2 Cell proliferation assay (MTT)

MTT assay is a quantitative colorimetric method for the determination of cell survival
and proliferation. The assessed parameter is the metabolic activity of viable cells.
Metabolically active cells reduce pale yellow tetrazolium salt (MTT) to a dark blue
water-insoluble formazan, which can be, after solubilization with DMSO, directly
quantified. The absorbance of the formazan directly correlates to the number of viable
cells. The HCT 116 cells were plated in 96-well plates at a density of 6000 cell/well in
100uL of medium per well over night. Next day cultures were incubated with different
concentrations of test material and incubated for 48 h. The dye at a concentration of
2.5mg/ml [3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide] (MTT) was
added for 4 h. The supernatant was aspirated and MTT-formazon crystals dissolved in
150uL of DMSO; OD was measured at A540 (reference wavelength, A620) on an
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ELISA reader (BioTek.). Cell growth was calculated by comparing the absorbance of
treated versus untreated cells.

Cellular morphology of prostate cancer PC-3 cells was also visualized under inverted
microscope (Olympus-1X70, magnification 20X).

4.6 Drug excipient extraction

4.6.1 On the basis of visual observation

Visual observations are the elementary tool to decide the compatibility of the
formulation, drug polymer interactions forming colour when incompatibility occur in
drug-polymers and polymer-polymers during the compatibility studies. Difference
between formulation features like colour, powder form, agglomerates, dryness, and
hygroscopicity of drug-polymers and polymer-polymer after and before compatibility
studies were noted by the visual inspection to determine the compatibility of various
excipients with the drug in the formulation.

Under this specified amount of drug and the excipients (guar gum, xanthan gum) were
weighed separately, mixed in ratio 1:1 and then filled in separate glass vials. The vials
were then stored under two different conditions at 2-8°C and at 40°C with 75% RH in
a humidity chamber at a temperature of 40°C/75% RH for one month. Vials containing
pure drug and pure polymers were also kept in similar conditions. Observation were
recorded on Oth day, 7th day, 15th day and 30th day.

4.6.2 On the basis of FTIR spectroscopy

Drug polymer compatibility a study was carried out to determine the possibility and
extent of interaction of RB with various polymers used in the formulation like guar gum
and xanthan gum. The drug was mixed with each of the above polymer in 1:1 ratio in
glass vials and analysed by FTIR spectroscopy. The spectrum was recorded for RB,
guar gum, xanthan gum, RB + guar gum, RB + xanthan gum, raupya bhasma + guar
gum + xanthan gum. Samples were prepared in KBr disk (2mg sample in 200mg KBr)
with a hydraulic press by applying a pressure of 8-9 tons for 2 min. The disks were
scanned over a wave number range of 4000-400 cm-1 and the resolution was kept as 4

cm-1.
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4.7 Formulation and evaluation of microsphere for colon targeted

drug delivery

4.7.1 Formulation of microsphere

Microspheres of raupya bhasma were formulated using emulsification polymerisation
method*. Aqueous dispersion of guar gum and xanthan gum was dispersed in a 100 ml
of cold water containing the drug (0.5g) and kept for swelling for 2 h). After swelling,
the mixture of drug and polymer were dispersed in castor oil (100 ml) containing 2 ¢
of tween 80 and 0.1% silicon oil with continuous stirring using a mechanical stirrer at
a speed of 4000 rpm. After thorough uniform mixing, 0.2 mL of concentrated H2SO4
added was afollowed by 3 ml of glutaraldehyde. The mixture was stirred at a constant
speed for 4 h. at 50°C. The microspheres were collected by sedimentation followed by
decantation of oil. The microspheres were washed with several fractions of isopropyl
alcohol. The formulation was optimised using 22 factorial design as shown in Table 4.3

Table 4.3: Composition of formulation of microsphere

Formulation Composition
Guar gum (Q) Xanthan gum (g) Raupya bhasma (g)
F1 1 0.5 0.5
F2 0.5 1 0.5
F3 0.5 0.5 0.5
F4 1 1 0.5

4.7.2 Characterisation of microsphere

4.7.2.1 Percentage yield
To calculate the % yield, the prepared formulation was divided by the total amount of
polymer and raupya bhasma taken in the preparation of the formulation by using given

formula;
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Actual yield of formulation
Percentage yield = ----------=-=-- oo X 100
Total weight of polymers and drug

4.7.2.2 Determination of raupya bhasma included in formulation
The amount of raupya bhasma in microsphere was determined by placing microsphere
in phosphate buffer saline (PBS, pH 7.4) for 48 h at 37°C with vigorous stirring. The
concentration of raupya bhasma was determined using ICP-MS. The percentage of
loading efficiency and content was expressed in the following equation.

Weight of loaded drug in microsphere

Loading efficiency (%) = --------------------------- - X100
Initial feeding weight of drug

Weight of loaded drug in microsphere
Loading content (%) = ----=-====m=mmmmmmmmmm e oo x 100
Weight of microsphere

4.7.2.3 Surface associated drug content

Microspheresof raupya bhasma were assessed for drug content which was associated
with surface of formulation.For the purpose, each batch of 100 mg of formulation was
shaken in 20 ml of 0.1N hydrochloric acid for 5 min and filtered using Whatman filter
paper. Surface associated drug content in filtrate was determined using ICP-MS. All
the investigations were conducted thrice (n=3).

Amount of drug present in filtrate
Surface associated drug content = -----------=-=----- et x100
Amount of drug used in formulation

4.7.2.4 Particle Size Analysis

Particle size of microsphere was analysed by a laser diffraction particle size analyser,
microspheres of raupya bhasma were suspended in the cavity of the particle size
analyser containing double distilled water, and the particle size was calculated by means

of the software.

4.7.2.5 Morphology
The morphology of microsphere of raupya bhasma were evaluated using scanning
electron microscopy (SEM) (JEOL 100-CX USA Inc, Peabody, MA).

Scanning electron microscopy (SEM) was used to determine shape and surface

characteristics of microspheres. The samples of microsphere of raupya bhasma for
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evaluation using SEM were prepared by lightly sprinkling the microsphere on a double
adhesive tape, which was fixed on an aluminium stub. The aluminium stubs were coated
with gold using a gold sputter coater in a high vacuum evaporator, and samples were
observed by SEM at 10kV.

4.7.2.6 Equilibrium Swelling Studies of formulation

Accurately weighed formulation (100 mg) was transferred in PBS (pH 7.4) and kept
for swelling until its weight became constant. The formulation was taken out and
blotted with filter paper and the weight difference was measured. The degree of

swelling (a)) of formulation was calculated using the given formula:
o =wg - W0 /wo

Where, wo and wgare the initial weight of the microspheres and the weight of the

microspheres at equilibrium swelling in the medium respectively.
4.7.2.7 Flow properties

4.7.2.7.1 Angle of repose

Angle of repose was determined by funnel method. Formulation was poured through a
funnel that can be elevated vertically until extreme cone height (h), was obtained.
Diameter of heap, (D), was determined. Following formula was used to calculate angle

of repose.

tanO=h/r,

0=tan-1(h/r)

Where, 6 = Angle of repose, h = height of the pile (cm) and r = radius of the pile (cm).
4.7.3 In vitro release of study of microsphere

4.7.3.1 Preparation of Dissolution Media

4.7.3.1.1 Preparation of fresh human fecal content medium
Human fecal slurry (freshly prepared) is usually used to evaluate fermentation of
polysaccharides (non-starch). Human faecal slurries were prepared by homogenisation

of fresh faeces in 0.1 M sodium phosphate buffer (pH 6.8) by supplying CO> to maintain
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anaerobic conditions. Freshly prepared human fecal slurry was finally added to the
dissolution media to give a final dilution of 4% w/v.All the above mentioned processes

were carried out in anaerobic condition by supply of carbon dioxide®.

4.7.3.1.2 Preparation of goat caecal medium

Fresh caecal content of goat was procured from local market of Phagwara and kept in
desiccator under anaerobic conditions.Accurately weighed caecal content were
suspended in the pH 6.8 buffer under anaerobic condition. Finally 4 % w/v caecal
medium was prepared by adding dissolution media.All the above procedures were
carried out anaerobically in presence of carbon dioxide®.

4.7.3.1.3 Preparation of Probiotic culture medium

Dissolution using probiotic culture is required to active probiotic in suitable media.
Prebiotic and probiotic capsule brand name: Velgut (Eris life sciences Pvt.Ltd.)

Composition of culture

Bifidobacterium breve

Bifidobacterium longum

Bifidobacterium infantis

Lactobacillus acidophilus

Lactobacillus plantarum

Lactobacillus casei Total 5 billion
Lactobacillus rhamnosus
Streptococcus thermophilus
Saccharomyces boulardi

Fructooligosaccharide-100mg

4.7.3.1.4 Preparation of media

A 5% wi/v tempered grade honey was added t012 % w/v non-fat dry milk (NDM) in a
volumetric flask of 100 ml capacity and final volume was adjusted up to 100 ml with
sterile water. Then mixture was subjected to the process of pasteurization (heating up
to70 °C for 30 minutes and cooled to 37 °C). A capsule of probiotic powder was

transferred in few ml of sterile water and was inoculated in the pasteurized milk media.
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Pasteurised milk media containing probiotics was incubated at 37 °C for 48 h under
anaerobic conditions. The bacteria were counted in culture media. It was found to be
9.8 x10%° CFU/mI (10*-10'2 CFU/mI normal micro biota count in colon). The probiotic
media was added to dissolution media for evaluation of drug release of microbial

triggered drug delivery to colon’.

4.7.3.2 Invitro drug release using human fecal slurries

Dissolution studies for colon specific drug delivery were carried out using human fecal
slurries (freshly prepared) for formulation F4. Basket type dissolution test apparatus
(USP 1) with minor alteration in process was used for evaluation of release of raupya
bhasma in the presence of human fecal slurries (freshly prepared). Gradient pH
dissolution method using human fecal contents was used to assess the release of raupya

bhasma from formulations meant for drug delivery to colon.

The experiments were conducted using beaker (250 ml) submerged in water containing
pots of dissolution apparatus. A capsule was transferred to each pot having the
dissolution medium. The in vitro release of formulation was started in 150 ml media of
pH 1.2 using 100 rpm at 37 + 0.5°C for the first 2 h. After 2 h the pH of the dissolution
media was maintained to 6.8 by addition of 50ml phosphate buffer and sodium
hydroxide solution (g.s.). The study was continued for 4 h. At the end of 4 h, the media
was made anaerobic by degassing with carbon dioxide for 15 min. Undissolved oxygen
in the media was removed by supply of carbon dioxide to media.After that 4% w/v fecal
slurries (freshly prepared) was transferred to the dissolution media and the experiment
was continued upto 24h under the nonstop purging of carbon dioxide. Approximate
1.0ml samples were withdrawn at interval of 1.0, 2.0, 4.0, 5.0, 6.0, 8.0, 10.0, 12.0, 16.0,
20.0 and 24.0 h from the dissolution medium and the same volume was substituted by
the fresh medium which was previously kept in anaerobic condition. The sample
volume was adjusted to 10 ml and followed by filtration using 0.22 micron membrane
filters and was subjected to ICP-MS analysis. All the studies were conducted six times

and the mean data was recorded.

4.7.3.3 Invitro drug release using goat caecal content
Dissolution studies for colon specific drug delivery were carried out using human goat

caecal content (freshly prepared) for formulation F4. Basket type dissolution test
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apparatus (USP ) with minor alteration in process was used for evaluation of release
of raupya bhasma in the presence of goat caecal content (freshly prepared). Gradient
pH dissolution method using goat caecal content was used to assess the release of
raupya bhasma from formulations meant for drug delivery to colon.

The experiments were conducted using beaker (250 ml) submerged in water containing
pots of dissolution apparatus. One capsule was transferred to each pot having the
dissolution medium. The in vitro release of formulation was started in 150 ml media of
pH 1.2 using 100 rpm at 37 = 0.5°C for the first 2 h. After 2 h the pH of the dissolution
media was maintained to 6.8 by addition of 50 ml phosphate buffer and sodium
hydroxide solution (g.s.). The study was continued for 4 h. At the end of 4 h, the media
was made anaerobic by degassing with carbon dioxide for 15 min. Undissolved oxygen
in the media was removed by supply of carbon dioxide to media. After that 4% wi/v
goat caecal content (freshly prepared) was transferred to the dissolution media and the
experiment was continued up to 24 h under the nonstop purging of carbon dioxide.
Approximate 1.0 ml samples were withdrawn at interval of 1.0, 2.0, 4.0, 5.0, 6.0, 8.0,
10.0, 12.0, 16.0, 20.0 and 24.0 h from the dissolution medium and the same volume
was substituted by the fresh medium which was previously kept up in anaerobic
condition. The sample volume was adjusted to 10 ml and followed by filtration using
0.22 micron membrane filters and was subjected to ICP-MS analysis. All the studies

were conducted six times and the mean data was recorded.

4.7.3.4 Invitro drug release using probiotic culture

Dissolution studies for colon specific drug delivery were carried out using probiotic
culture for formulation F4. Basket type dissolution test apparatus (USP 1) with minor
alteration in process was used for evaluation of release of raupya bhasma in the presence
of probiotic culture. Gradient pH dissolution method using probiotic culture contents
was used to assess the release of raupya bhasma from formulations meant for drug

delivery to colon.

The experiments were conducted using beaker (250 ml) submerged in water containing
pots of dissolution apparatus. One capsule was transferred to each pot having the
dissolution medium. The in vitro release of formulation was started in 150 ml media of
pH 1.2 using 100 rpm at 37 = 0.5°C for the first 2 h. After 2 h the pH of the dissolution
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media was maintained to 6.8 by addition of 50 ml phosphate buffer and sodium
hydroxide solution (g.s.). The study was continued for 4 h. At the end of 4 h, the media
was made anaerobic by degassing with carbon dioxide for 15 min. Undissolved oxygen
in the media was removed by supply of carbon dioxide to media. After that entire
volume of prepared probiotic culture (9.8x10*® CFU/mI) was transferred to the
dissolution media and the experiment was continued up to 24 h under the nonstop
purging of carbon dioxide. Approximate 1.0 ml samples were withdrawn at interval of
1.0,2.0,4.0,5.0, 6.0, 8.0, 10.0, 12.0, 16.0, 20.0 and 24.0 h from the dissolution medium
and the same volume was substituted by the fresh medium which was previously kept
up in anaerobic condition. The sample volume was adjusted to 10 ml and followed by
filteration using 0.22 micron membrane filters and was subjected to ICP-MS analysis.
All the studies were conducted six times and the mean data was recorded.

The studies on the above-mentioned formulation were also carried out in the same way
without adding probiotic culture, goat caecal content and human fecal contents i.e

normal buffer media.

4.8 Formulation of coated granules of RB and their evaluation for

colon targeted delivery

4.8.1 Development of formulation (Guar gum and eudragit FS 30D

coated raupya bhasma loaded granule core)

4.8.1.1 Preparation of RB loaded granule core

The granules were prepared by mixing raupya bhasma, guar gum and xanthan gum in
a ratio of 1: 1.5: 1.5. V-cone blender was used for mixing of ingredients. Wet
granulation of the prepared mass was carried out using purified water. The damp mass
was passed over sieve number 12. The prepared granules were driedat 45°C for an h in

a hot air oven.

4.8.1.2 Coating of the Prepared Granules
The prepared granules were coated up to 20% using 1% guar gum solution in an accela
cota coating pan. Guar gum acted as a prompting mechanism for the release of

medicament in the colon by colonic micro flora. Further, the granules were coated with
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40% Eudragit FS30D to eliminate the release of medicament in stomach and small

intestine, by doing so the medicament will release only in the colon®,
4.8.2 Characterisation of coated granules

4.8.2.1 Percentage yield
To calculate % yield, prepared formulation was divided by the total amount of polymer
and raupya bhasma taken in the preparation of the formulation. Percentage yield was

calculated using given formula:

Actual yield of formulation
Percentage yield = --------=-=-m-mmmrm oo X 100
Total weight of polymers and drug

4.8.2.2 Determination of raupya bhasma included in formulation

The amount of raupya bhasma in formulation was determined by placing microsphere

in phosphate buffer saline (PBS, pH 7.4) for 48 h at 37°C with vigorous stirring. The

concentration of raupya bhasma was determined using ICP-MS. The percentage of

loading efficiency and content was expressed as given in the following equation.
Weight of loaded drug in microsphere

Loading efficiency (%) = ------------------=-------- - X100
Initial feeding weight of drug

Weight of loaded drug in microsphere
Loading content (%) = ----=-==nmm=mmmmmmmm e oo x 100
Weight of microsphere

4.8.2.3 Surface associated drug content

Formulation of raupya bhasma was assessed for drug content which was associated with
surface of formulation.For the purpose, each batch of 100 mg of formulation were
shaken in 20 ml of 0.1N hydrochloric acid for 5 min and filtered using Whatman filter
paper. Surface associated drug contentin filtrate was determined using ICP-MS. All the

investigation were conducted thrice (n=3).

Amount of drug present in filtrate
Surface associated drug content = -------------------- e x100
Amount of drug used in formulation
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4.8.2.4 Equilibrium Swelling Studies of formulation

Accurately weighed formulation (100 mg) was transferred in PBS (pH 7.4) and kept for
swelling until its weight became constant. The formulation was taken out, blotted with
filter paper and the weight difference was measured. The degree of swelling (o) of

formulation was calculated using the given formula:
o =wg - WO /wo

Where, wo and wgare the initial weight of the microspheres and the weight of the

microspheres at equilibrium swelling in the medium respectively.
4.8.2.5 Flow properties

4.8.2.5.1 Angle of repose

Angle of repose was determined by funnel method. Formulation was poured through a
funnel that can be elevated vertically until extreme cone height (h), was obtained.
Diameter of heap, (D), was determined. Following formula was used to calculate angle

of repose.

tanO=h/r,

0=tan-1(h/r)

Where, 6 = Angle of repose, h = height of the pile (cm) and r = radius of the pile (cm).
4.8.3 In vitro release of coated granules

4.8.3.1 Preparation of Dissolution Media

4.8.3.1.1 Preparation of fresh human fecal content medium

Human fecal slurries (freshly prepared) is usually used to evaluate fermentation of
polysaccharides (non-starch). Human faecal slurries were prepared by homogenisation
of fresh faeces in 0.1 M sodium phosphate buffer (pH 6.8) by supplying CO> to maintain
anaerobic conditions. Freshly prepared human fecal slurries was finally added to the
dissolution media to give a final dilution of 4% wi/v.All the above mention processes

were carried out in anaerobic condition by supply of carbon dioxide®.
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4.8.3.1.2 Preparation of goat caecal medium

Fresh caecal content of goat were procured from local market of Phagwaraand kept in
desiccator under anaerobic conditions.Accurately weighed caecal content were
suspended in the pH 6.8 buffer under anaerobic condition. Finally 4 % w/v caecal
medium were prepared by adding dissolution media.All the above procedure were

carried out anaerobically in presence of carbon dioxide ®.

4.8.3.1.3 Preparation of Probiotic culture medium

Dissolution using probiotic culture is required to active probiotic in suitable media.
Prebiotic and probiotic capsule brand name: Velgut (Eris life sciences Pvt.Ltd.)

Composition of culture
Bifidobacterium breve
Bifidobacterium longum
Bifidobacterium infantis
Lactobacillus acidophilus
Lactobacillus plantarum Total 5 billion
Lactobacillus casei
Lactobacillus rhamnosus
Streptococcus thermophilus
Saccharomyces boulardi
Fructooligosaccharide-
100mg

4.8.3.1.4 Preparation of media

A 5% wi/v tempered grade A honey was added to12 % wi/v non-fat dry milk (NDM) in
a 100 ml volumetric flask and volume was made up to 100 ml with sterile water. Then
mixture was subjected to the process of pasteurization (heating up to70 °C for 30
minutes and cooled to 37 °C). A capsule of probiotic powder was transferred in few ml
of sterile water and was inoculated in to the pasteurized milk media. Pasteurised milk
media containing probiotics was incubated at 37 °C for 48 h under anaerobic conditions.
The bacteria were counted in culture media. It was found to be 9.8 x10%*° CFU/mI (10*!-

102 CFU/ml normal microbiota count in colon). The probiotic media was added to
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dissolution media for evaluation of drug release of microbially triggereddrug delivery

to colon’.

4.8.3.1.5 Invitro drug release of formulation using human fecal slurries

Dissolution studies for colon specific drug delivery were carried out using human fecal
slurries (freshly prepared). Basket type dissolution test apparatus (USP I) with minor
alteration in process was used for evaluation of release of raupya bhasma in the presence
of human fecal slurries (freshly prepared). Gradient pH dissolution method using
human fecal contents was used to assess the release of raupya bhasma from

formulations meant for drug delivery to colon.

The experiments were conducted using beaker (250 ml) submerged in water containing
pots of dissolution apparatus. One capsule was transferredto each pots having the
dissolution medium. The in vitro release of formulation wasstarted in 150 ml media of
pH 1.2 using 100 rpm at 37 + 0.5°C for the first 2 h. After 2 h the pH of the dissolution
media was maintained to 6.8 by addition of 50 ml phosphate buffer and sodium
hydroxide solution (g.s.). The study was continued for 4 h. At the end of 4 h, the media
was made anaerobic by degassing with carbon dioxide for 15 min. Undissolved oxygen
in the media was removed by supply of carbon dioxide to media. After that 4% w/v
fecal slurries (freshly prepared) was transferred to the dissolution media and the
experiment was continued upto 24h under the nonstop purging of carbon dioxide.
Approximate 1.0ml samples were withdrawn at interval of 1.0, 2.0, 4.0, 5.0, 6.0, 8.0,
10.0, 12.0, 16.0, 20.0 and 24.0 h from the dissolution medium and the same volume
was substituted by the fresh medium which was previously kept up in anaerobic
condition. The sample volume was adjusted to 10 ml and followed by filteration using
0.22 micron membrane filters and was subjected to ICP-MS analysis. All the studies

were conducted six times and the mean data was recorded.

4.8.3.2 Invitro drug release using goat caecal content

Dissolution studies for colon specific drug delivery were carried out using human goat
caecal content (freshly prepared). Basket type dissolution test apparatus (USP 1) with
minor alteration in process was used for evaluation of release of raupya bhasma in the

presence of goat caecal content (freshly prepared). Gradient pH dissolution method
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using goat caecal content was used to assess the release of raupya bhasma from

formulations meant for drug delivery to colon.

The experiments were conducted using beaker (250 ml) submerged in water containing
pots of dissolution apparatus. One capsule was transferred to each pots having the
dissolution medium. The in vitro release of formulation was started in 150 ml media of
pH 1.2 using 100 rpm at 37 + 0.5°C for the first 2 h. After 2 h the pH of the dissolution
media was maintained to 6.8 by addition of 50 ml phosphate buffer and sodium
hydroxide solution (g.s.). The study was continued for 4 h. At the end of 4 h, the media
was made anaerobic by degassing with carbon dioxide for 15 min. Undissolved oxygen
in the media was removed by supply of carbon dioxide to media. After that 4% wi/v
goat caecal content (freshly prepared) was transferred to the dissolution media and the
experiment was continued up to 24 h under the nonstop purging of carbon dioxide.
Approximate 1.0 ml samples were withdrawn at interval of 1.0, 2.0, 4.0, 5.0, 6.0, 8.0,
10.0, 12.0, 16.0, 20.0 and 24.0 h from the dissolution medium and the same volume
was substituted by the fresh medium which was previously kept up in anaerobic
condition. The sample volume was adjusted to 10 ml and followed by filtration using
0.22 micron membrane filters and was subjected to ICP-MS analysis. All the studies

were conducted six times and the mean data was recorded.

4.8.3.3 Invitro drug release of formulation using probiotic culture

Dissolution studies for colon specific drug delivery were carried out using probiotic
culture. Basket type dissolution test apparatus (USP 1) with minor alteration in process
was used for evaluation of release of raupya bhasma in the presence of probiotic culture.
Gradient pH dissolution method using probiotic culture contents was used to assess the

release of raupya bhasma from formulations meant for drug delivery to colon.

The experiments were conducted using beaker (250 ml) submerged in water containing
pots of dissolution apparatus. One capsule was transferred to each pots having the
dissolution medium. The in vitro release of formulation was started in 150 ml media of
pH 1.2 using 100 rpm at 37 = 0.5°C for the first 2 h. After 2 h the pH of the dissolution
media was maintained to 6.8 by addition of 50 ml phosphate buffer and sodium
hydroxide solution (g.s.). The study was continued for 4 h. At the end of 4 h, the media

was made anaerobic by degassing with carbon dioxide for 15 min. Undissolved oxygen
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in the media was removed by supply of carbon dioxide to media. After that entire
volume of prepared probiotic culture (9.8x10*® CFU/mI) was transferred to the
dissolution media and the experiment was continued up to 24 h under the nonstop
purging of carbon dioxide. Approximate 1.0 ml samples were withdrawn at interval of
1.0,2.0,4.0,5.0,6.0, 8.0, 10.0, 12.0, 16.0, 20.0 and 24.0 h from the dissolution medium
and the same volume was substituted by the fresh medium which was previously kept
up in anaerobic condition. The sample volume was adjusted to 10 ml and followed by
filteration using 0.22 micron membrane filters and was subjected to ICP-MS analysis.

All the studies were conducted six times and the mean data was recorded.

The studies on the above-mentioned formulation were also carried out in the same way
without adding probiotic culture, goat caecal content and human fecal contents i.e

normal buffer media.
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5 RESULTS AND DICUSSION

5.1 Standard Plot

Inductive coupled plasma mass spectroscopy was used for quantitative analysis of
silver. Standard plot of raupya bhasma was plotted between intensity versus

concentration (Table 5.1 and Figure.5.1).

Table 5.1: Standard plot of Bhasma (Conc vs Intensity)

Conc (PPB) Intensity
10 28033
20 58615
30 83916
40 112232
50 148666
Chart Title

160000
140000
120000
100000

80000

Intensity

60000
40000

20000

0
0 10 20 30 40 50 60

Concentration of RB in PPB

Figure 5.1: Standard plot of raupya bhasma (Conc Vs Intensity)

5.2 Preparation and characterisation of raupya bhasma
Prepared bhasma was found to be satisfactory and demonstrated all positive results as
per ancient method of evaluation. The result of evaluation of bhasma by traditional

method is shown in Table-5.2. The silver content determined using ICP-MS was found
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to be 63.054%. Flame test showed no fumes indicating that bhasma was free from
organic substance. The particle size of bhasma was found to be 323.8 nm (Figure 5.2)
by zeta sizer (laser diffraction analyser). Shape of bhasma (Figure 5.3and 5.4) was
found to be microcrystalline, irregular, using scanning electron microscopy (SEM). The
thermo gram (Figure 5.5) of the raupya bhasma was obtained in the temperature range
of 30-960°C in air atmosphere which showed 20.515% weight loss at temperature
between 60 to 624.63°C, 6.784% weight loss in between 624.63 to 811.71°C and
2.740% weight loss in between 811.72 to 995.83 °C. The XRD pattern of bhasma
(Figure 5.6) indicated nature of bhasma as crystalline and mainly composed of
argentous and argentic oxide.

Table 5.2: Traditional method of evaluation of bhasma

Test Observation Inference
Nishchandratvam No metallic lustre was Silver was completely
Bhasma was observed in observed. converted into its
bright sunlight to detect the compound.

presence and absence of

lustre.

Rekhapurnata Particles of bhasma filled Size of prepared bhasma
A little amount of bhasma in furrows of finger. was fine.

was rubbed in between the

index finger and thumb to

observe if particles can fill

furrows of fingertips or not.

Varitara test

A small amount of bhasma Bhasma floated over Size of prepared bhasma
was sprinkled over the surface of water was very fine.

stagnant water surface

Unama test

It is further assessment of Rice grain floated over Further confirmed that
varitara test. A grain of rice film of bhasmaon surface size of prepared bhasma
was kept carefully on of water. was very fine.

floating bhasma.
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Size Distribution by Intensity
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Figure 5.2: Particle size using Zetasizer

Figure 5.3: SEM of raupya bhasma (X 2500)
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- -

Figure 5.4: SEM of raupya bhasma (X 5000)

Figure 5.5: TGA pattern of raupya bhasma
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Figure 5.6: XRD pattern of raupya bhasma

Heating of silver foil during sodhana may lead to increase in tension causing expansion
of silver foil followed by cooling in liquid media lead to decrease in tension and
increase in compression force. Repeated heating and cooling process may lead to
brittleness, reduction in hardness and finally reduction in particle size. Repeated
calcination during marana may lead to oxidation of metal. Oxidation of metal may lead
to conversion of the zero valent metal into a form with higher oxidation state. The best
significantcharacteristic of this synthesis (traditionally known as ‘bhasmikarana’) is
that the toxic nature (i.e. systemic toxicity causing stomach pain, nausea, vomiting etc.)
of the resulting compound of meal was entirely vanished while persuading the
therapeutic potential into it®. Reduced in particle size may lead to increase in
bioavailability, moreover reduction in dose was directly related to reduction in toxicity
of bhasma.

The colour of prepared bhasma was found to be black that was similar to reported colour
of standard raupya bhasma. As silver sulphide and oxide are black in colour so raupya
bhasma may be the mixture of both®. The prepared bhasma was found to be odourless,
tasteless, fine in touch without any metallic sound. Metal was characterised by its
metallic lustre. When this prepared bhasma was seen under day light as well as sun

light it did not show any metallic lustre indicating that all silver was completely
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converted into bhasma (ash). Rekhapuran test was found to be positive as bhasma filled
in between the furrows of finger which indicated that bhasma was very fine in particle
size. Varitara test was found to be positive as the bhasma floated on surface of water,
which further indicated that the metal was completely converted into ash. Even the
better quality of bhasma was insured by unama test as rice grain also floated over
bhasma. As no smoke was produced when bhasma was subjected to nirdhum test,
indicated that prepared bhasma was free from organic impurities. The result of
traditional method of evaluation is summarised in Table5.2. There is some limitation of
traditional method of evaluation as it do not give information about silver content in
prepared bhasma, presence of organic substance, particle size, shape and crystalline
nature. To consider this, an attempt has been made to increase the acceptability of
bhasma. Silver content was determined using ICP-MS method and was found to contain
63.054% silver by ICP-MS. FT-IR spectra of raupya bhasma indicated that it was free
from organic matter. The lack of organic matter in bhasma is further evidence of
appropriate calcination during the preparation of raupya bhasma. The particle size of
bhasma was found to be 323.8 nm by zeta sizer (laser diffraction analyser),
Figure5.2.Shape of bhasma was found to be microcrystalline irregular, due to
aggregation of particle as the particle size was found to be of 1um (1000 nm) using
SEM (Figure5.3 and 5.4). However the average particle size determined by laser
diffraction analyser was found to be 323.8 nm.

As repeated calcination cycle was required in preparation of bhasma, it was necessary
to perform thermo gravimetric analysis.The thermo gram of the raupya bhasma was
obtained in the temperature range of 30-960°C in presence of air atmosphere which
showed 20.515% weight loss at temperature between 60 to 624.63°C, 6.784% weight
loss in between 624.63 to 811.71°C and 2.740% weight loss in between 811.72 to
995.83 °C. The TGA thermo gram (Figure 5.5) can be used as a standard for quality of
raupya bhasma. The X-ray diffraction of raupya bhasma is shown in Figure 5.6.
Diffraction peak at 20 = 33° and 38.5°, were obtained. The high intensity of X-ray
diffraction in the XRD pattern indicated that the raupya bhasma was crystalline in

nature. The 26 value indicated that raupya bhasma was composed of oxide of silver?.
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5.3 Anti-inflammatory activity

The in vitro anti-inflammatory effect of raupya bhasma was evaluated against
denaturation of protein (egg albumin). The results obtained for inhibition of protein and
change in viscosity is summarized in Table 5.3. The current findings showed a
concentration dependent inhibition of albumin denaturation by raupya bhasma
throughout the concentration range of 20 to 100ug/ml. Diclofenac sodium was used as
a reference which also exhibited concentration dependent affect (20 to 100ug/ml)
inhibition of protein denaturation (Table 5.4).The effect of diclofenac sodium for anti-
inflammatory activity was found to be less when compared with raupya bhasma. This
was further established by comparing their 1C50 values. Raupya bhasma possessed

IC50 value 43.2 pg/mL whereas that of diclofenac sodium was found to be 46.1 pg/ml.

Table 5.3: Effect of roupya bhasma on denaturation of protein

Concentration (ug/ml) % inhibition Viscosity(cp)
Control - -

20 28.9196+0.0852 0.628+0.027
40 47.5154+0.152 0.785+0.039
60 60.5934+0.106 0.815+0.016
80 71.0142+0.0569 0.880+0.023
100 73.6988+0.126 0.970+0.015

Data is presented as Mean=SEM (n=5)

Table 5.4: Effect of diclofenac sodium on denaturation of protein

Concentration(pug/ml) % inhibition Viscosity
Control - -

20 25.4704+0.121 0.657 +£0.012
40 44.4752+0.0730 0.740+0.015
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Concentration(pug/ml) % inhibition Viscosity
60 56.2944+0.0632 0.823+0.012
80 66.38361+0.0494 0.86+0.021
100 71.4242+0.0628 0.97+0.012

Data is presented as Mean=SEM (n=5)

The prepared bhasma was evaluated for in vitro anti-inflammatory activity as there are
definite problems in use of animals for biological activity of new chemical entity
(NCE), like ethical problems and the lack of justification for their use when invitro
methods areexisting for investigation. To consider this, in the current research, the
denaturation of protein bioassay was choosen for in vitro evaluation of anti-
inflammatory activity of roupya bhasma. During protein denaturation, the secondary
and tertiary structures are lost by application of external stress or compound, such as
strong acid, strong base, concentrated inorganic salt, organic solvent and heat. Most
biological proteins lose their biological function when denatured. It is a proven fact that
denaturated protein is the causative factor of inflammation!®, Therefore, new
chemical entity which can inhibit denaturation of proteins could be used for
development of formulation for treatment of inflammation*2. The 1C50 values of RB
indicated that it was more active as compared to diclofenac sodium. The inhibition of
denaturation of protein was also supported by the viscosity change. Denaturation of
protein may lead to increase in viscosity of solution'?. In the contemporary research,
the comparatively high viscosity of control validated this statement. Presence of raupya
bhasma prevented this, involving inhibition of denaturation of protein. The decrease in
viscosity was noted as compared to control where no raupya bhasma was added.The
viscosity was reduced with decrease in concentration of raupya bhasma as well as
diclofenac sodium*®. From literature it is clear that non-steroidal anti-inflammatory
drugs stabilized albumin (prevent denaturation) on elevated temperature at
physiological pH*®. Therefore, from the results of the present preliminary study it may

be concluded that raupya bhasma possessed marked in vitro anti-inflammatory activity.
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However, supplementary conclusive research should be carried out to establish the

mechanism behind the anti-inflammatory action of raupya bhasma.
In vitro anticancer activity

Raupya bhasma possessed marked activity against colon cancer. It was confirmed by
cell growth inhibition (Table.5.5). Raupya bhasma inhibited 24% cell growth, however
standard drug (5-FU) had inhibited only 11 % cell growth.

Table 5.5: Percentage cell-growth inhibition

Sample Conc. % Cell growth inhibition

HCT-116 (Colon)

Standard 100pg/ml 11
(5-FU)

Test 100pg/ml 24
(Raupya Bhasma)

A, 100 ng/ml B, 100 ng/ml
Figure 5.7: Percentage cell growth inhibition
A= Standard Drug; B= Test drug

5.4 Drug Polymer Interaction

5.4.1 Visual observation
The compatibility study of raupya bhasma (RB) with different excipients [polymers:
guar gum (GG)-xanthan gum (XG)] is shown in Table 5.6.
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Table 5.6: Compatibility studies with different excipients

Samp Ratio Initial Condition day and temperature
le Observation
Color Lump 0" day 7" day 15" day 30" day
formation 2 40.c/ % 40c/ % 40cr 2% 40°

8°C RH=75 8°C RH=75 8°C RH=75% 8°C C/

% % RH=

75%

RB - Black  No N N A Y N oA

GG - Creamy No N oA SR oA N oA
White

XG - Creamy No N oA NN oA N oA
White

RB+ 1:1  Blackish No N oA N oA oA N oA
GG grey

RB+ 1:1  Blackish No N oA N oA oA N oA
XG grey

RB+ 1:1:1 Blackish No N A N A NN N W
GG grey

+XG

\ Represent no change in physical appearance.

From the results of drug-excipient compatibility study, it was observed that there was
neither any change in colour, nor any lump formation in any of the mixtures at different
temperature and humidity conditions. Therefore, it confirmed that the raupya bhasma

was compatible with excipients used in the formulation.

5.4.2 FTIR spectroscopy

The IR spectra of raupya bhasma drug and excipients were taken and compared with
those of the mixtures. If any interaction or incompatibility occurs between drug-
polymer and polymer-polymer, there would be change in the spectral peak pattern and
peak location in the IR spectra of the component mixture than the peak pattern and peak
location obtained of individual components. If no change in spectral peak pattern and
peak location in the IR spectra of the component mixture and the peak pattern and peak
location obtained of individual components is observed, it indicates that drug-polymer

and polymer-polymer were compatible without any interaction (Figure 5.8 -5.13).

94



Chapter 5: Results and Discussions

Figure 5.10: FTIR spectra of Xanthan Gum
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Figure 5.13: FTIR spectra of raupya bhasma + guar gum + xanthan gum
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From the comparative FTIR spectral study, for compatibility study of: raupya bhasma,
xanthan gum, guar gum + xanthan gum, raupya bhasma+guar gum and raupya bhasma+
guar gum + xanthan gum, it may be concluded that there was no significant difference
in the FTIR spectra of physical mixtures of raupya bhasma+ xanthan gum, raupya
bhasma + guar gum, and IR spectra of + guar gum + xanthan gum when compared to

FTIR spectra of individual components.

5.5 Formulation and evaluation of microsphere

Microsphere was prepared by emulsification polymerisation technique using guar gum
and xanthan gum as polymer. Xanthan gum and guar gum were chosen for
encapsulation purpose to retard the release of drug before reaching to colon. Xanthan
gum or guar gum has been used independently in colon-specific drug delivery but when
used in combination enhanced gel properties and drug release-retarding tendency

drastically increased?®.

Cross-linking of microsphere using glutaraldehyde may lead to hardening which is

temperature-induced cross-linking in acidic medium.

The determination of size, size distribution and morphology are very important
characteristics to be verified in the development of formulation. The homogeneity of
size in a formulation is the indicative of stability and some behaviour of the system.
The morphology of drug loaded raupya bhasma microspheres were analysed using
SEM.The Figure 5.18.shows that microsphere had a spherical shape with relatively
narrow size distribution and furthermore, no large aggregates were observed.
Measurement of particle size by zeta sizer is based on the principle of dynamic light
scattering (DLS) and found to be 599.6nm (Figure 5.19). DLS (also known as PCS-
Photo Correlation spectroscopy) determine brownian motion and co-relates this to the
particles size. It can be achieved by enlightening the particles with a laser and
investigating the intensity of fluctuations in the scattered light. DLS makes use of
particles ability to scatter light and their natural brownian motion when suspended in
fluid, water in this case. Particle size is calculated based on an estimate of the particles
diffusion coefficient while suspended in a medium. The relationship between the size
of a particle and its speed is due to brownian motion can be understand by the Stokes-

Einstein equation. Particle diffusion rates are inversely proportional to particle size’.
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Percentage yield, loading efficacy, loading content, surface associated drug content,
degree of swelling and angle of repose of microsphere (F1 to F4) are reported in Tables
5.7 - 5.10 respectively.The swelling index of guar gum and xanthan gum was very high
which drastically decreased due to cross linking. Cross-linking restricts the free access
of water to the polymer hydroxyl group, which in turn decreases the swelling properties
of the cross-linked polymer. The ideal fate of microsphere in vivo is to eventually
release the contents to the surrounding biological fluid. In vitro dissolution testing
provides a valuable tool for investigating drug release mechanism. Also, drug release
testing is a fundamental part of drug product development and manufacturing is also
employed as a quality control tool to monitor batch to batch consistency of the drug
release. In vitro drug release study of microspheres in the presence of fecal content was
carried out as follows: The fecal content was collected from healthy human
volunteer.As the condition of GIT is anaerobic so anaerobic condition is maintained by
supply of nitrogen gas which prevent the death of microorganism in aerobic condition.
The percentage cumulative release of microspheres in different release media during
different time period is shown in Table 5.11-5.14 and Figure 5.14-5.17. In
polysaccharide based drug delivery system, polysaccharide polymer protects the drug
from the surroundings of stomach and small intestine, and is capable to deliver the drug
to the colon. As guar gum and xanthan gum are prebiotics, microflora of colon feed on
them and drug gets released in colon. Use of activated probiotics instead of faecal
content gives better result and act in a similar way. More over use of probiotics as
dissolution media is a new concept and can replace other biological media because of

compliance and easy availability.

Table 5.7: Characterization of microsphere (F1)

Parameter Value
Percentage yield 83.25+0.43
Loading efficacy% 85.32+0.75
Loading content% 20.28+0.63
Surface associated drug content % 0.77£0.41
Degree of swelling% 34.84+0.41
Angle of repose 25.32+19
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Table 5.8: Characterization of microsphere (F2)

Parameter Value
Percentage yield 81.52+0.37
Loading efficacy% 83.48+0.29
Loading content% 19.92+0.33
Surface associated drug content % 0.98+0.32
Degree of swelling% 35.55+0.32
Angle of repose 25.13+17

Table 5.9: Characterization of microsphere (F3)

Parameter Value
Percentage yield 89.47+0.12
Loading efficacy% 86.94+0.27
Loading content% 21.56+0.14
Surface associated drug content % 0.68+0.31
Degree of swelling% 33.25+0.31
Angle of repose 25.62+22

Table 5.10: Characterization of microsphere (F4)

Parameter Value
Percentage yield 94+0.16
Loading efficacy% 97+0.38
Loading content% 23.12+0.11
Surface associated drug content % 0.2310
Degree of swelling% 31+0.01
Angle of repose 25.56+37

On the basis of characterisation of formulation F1, F2, F3 and F4, it was concluded
that F4 is best among all microspheres. Further studies were conducted only for

formulation FA4.
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Table 5.11: In vitro drug release profile of microsphere in PBS

Timeinh % Release
0 0
1 3.81+0.16
2 8.75+0.19
4 11.90+0.18
5 24.87+0.13
6 26.23+0.22
8 27.91+0.27
10 29.22+0.28
12 30.83+0.32
16 31.87+0.33
20 33.18+0.42
24 34.96+0.37

In vitro drug release profile of microsphere in PBS
40
35
30
25
20

% Release

15
10

0 5 10 15 20 25 30
Time (h)

Figure 5.14: In vitro drug release profile of microsphere using 4% faecal content
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Table 5.12: In vitro drug release profile of microsphere using 4% faecal content

Timeinh 4% faecal content
0 0

1 3.81+0.12
2 8.74+0.17
4 11.74+0.21
5 24.85+0.26
6 38.71+0.34
8 59.93+0.56
10 80.29+0.38
12 93.73+0.76
16 94.56+0.51
20 94.39+0.40
24 94.28+0.79

In vitro drug release profile of microsphere using 4%
faecal content

100
90
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60
50
40
30
20
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% release
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Time (h)

Figure 5.15: In vitro drug release profile of microsphere using 4% faecal content
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Table 5.13: In vitro drug release profile of microsphere using 4% caecal content

Timeinh 4% caecal content
0 0

1 3.809+0.11
2 8.75+0.14
4 11.74+0.76
5 24.76+0.28
6 39.33+0.33
8 60.18+0.59
10 81.36+0.34
12 93.89+0.77
16 94.51+0.54
20 95.50+0.42
24 95.50+0.78

In vitro drug release profile of microsphere using 4%
120 caecal content

100
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% Release

40

20

0 5 10 15 20 25 30
Time (h)

Figure 5.16: In vitro drug release profile of microsphere using 4% caecal content
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Table 5.14: In vitro drug release profile of microsphere using activated probiotic
media

Timeinh Probiotics 9.8X10'° CFU/mlI
0 0
1 3.81+0.10
2 8.76x£0.14
4 11.91+0.29
5 24.83%0.22
6 40.20+0.48
8 61.63+0.39
10 83.36x0.71
12 94.18x0.47
16 94.70x0.76
20 94.64+0.48
24 94.52+0.82

In vitro drug release profile of microsphere using
probiotic media

100
90
80
70
60
50
40
30
20
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Time (h)

Figure 5.17: In vitro drug release profile of microsphere using probiotic media
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15k 1+

Figure 5.18: SEM image of microsphere showed a good distribution and small size
of microsphere

Diam. (nm) % Intensity  Width (nm)
Z-Average (d.nm): 5995 Peak 1: 716.2 88.6 31.24
Pdl: 0.595 Peak2: 17.16 8.8 3.329
Intercept: 1.02
Result quality Refer to quality report

Size Distribution by Intensity

401

w
(=]
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N
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Figure 5.19: Particle size determination by zeta sizer
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5.6 Formulation of coated granules of raupya bhasma and their
evaluation for CTDD

5.6.1 Preparation of formulation

Formulation was prepared by coating of granules with guar gum followed by eudragit
FS30D and was found to be near to spherical. Eudragit FS30D protects the core drug
in GIT due to fluctuation of pH and helps in delivering the drug to colon. Guar gum is
a well-known example of prebiotic, GIT flora feed over guar gum coating and the core
is exposed. The granules contain guar gum and xanthan gum on which GIT flora can
feed.

Percentage yield, loading efficacy, loading content, surface associated drug content,
degree of swelling and angle of repose of formulation is reported in Table 5.15. In vitro
release of granules in PBS is shown in Table 5.16 and in vitro release of coated granules

in different media is shown in Tables 5.17- 5.20.

Coated granules deliver the drug to colon by dual mechanism. Eudragit FS 30D layer
may lead to delivery of drug to colon, moreover guar gum layer also play important

role and deliver the drug due to feeding of microbes on guar gum.

Table 5.15: Characterization of coated granules

Parameter Value
Percentage yield 93+0.22
loading efficacy% 98.32+0.31
loading content% 14.5+0.32
surface associated drug content % 0.1+0
degree of swelling% 19

angle of repose 25+.23

105



Chapter 5: Results and Discussions

Table 5.16: In vitro release of uncoated granules in PBS

Timeinh PBS

0 0

1 48.32+0.23
2 64+0.14

4 74+0.33

5 91.5+0.66
6 94.27+0.83
8 94.61+0.37
10 94.29+0.36
12 94.24+0.41
16 94.20+0.39
20 94.18+0.36
24 94.17+0.33

In vitro release of uncoated granules in PBS
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Time (h)

Figure 5.20: In vitro release of uncoated granules in PBS
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Table 5.17: In vitro release of formulation in PBS

Timeinh % drug release
0 0

1 1.24+0.09
2 4.71+0.14
4 6.74+0.13
5 7.15+0.18
6 24.27+0.23
8 26.61+0.32
10 27.29+0.33
12 29.34+0.36
16 30.86+0.41
20 31.18+0.39
24 32.16+0.46

In vitro release of formulation in PBS
35
30
25
20

15

% Release

10

0 5 10 15 20
Time (h)

Figure 5.21: In vitro release of formulation in PBS
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Table 5.18: In vitro release of formulation using fecal content

Timeinh 49% faecal content
0 0

1 1.24+0.14
2 4.71+0.17
4 6.73+0.21
5 7.15+0.26
6 38.71+0.64
8 59.93+0.33
10 76.29+0.82
12 88.73+0.71
16 94.22+0.64
20 94.22+0.42
24 93.21+0.46

In vitro release of formulation using fecal content

—— S

0 5 10 15 20 25
Time (h)

Figure 5.22: In vitro release of formulation using fecal content
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Table 5.19: In vitro release of formulation Using goat caecal content

Timeinh 4% caecal content
0 0

1 1.25+0.03
2 4.72+0.07
4 6.74+0.16
5 7.24+0.18
6 38.92+0.24
8 60.14+0.32
10 77.33+£0.48
12 90.34+0.28
16 94.26+0.63
20 94.24+0.72
24 94.20+0.68

In vitro release of formulation using goat caecal content
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Figure 5.23: In vitro release of formulation using goat caecal content
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Table 5.20: In vitro release of formulation using probiotic media

Timeinh Probiotics 9.8X10*° CFU/mI
0 0

1 1.25+0.06
2 4,72+0.14
4 6.91+0.27
5 7.23£0.21
6 39.20+0.45
8 64.63+0.38
10 86.36+0.34
12 94.90+0.86
16 94.85+0.88
20 94.82+0.79
24 94.80+0.80

In vitro release of formulation using probiotic media
120

100

— o o

o 80
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5
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Figure 5.24: In vitro release of formulation using probiotic media

The normal transit time in the stomach is 2h. which may vary, while in the small
intestine it is relatively constant around 3h. For the colon targeted drug release, the lag
time should be similar to the time taken for the system to reach the colon. The lag time

of 5h.is considered sufficient on the basis of relatively constant transit time in the small
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intestine (3h).In case of uncoated granules, more than 90% drug was released in PBS
in 5h (Table 5.16 Figure 5.20), therefore further dissolution studies were not carried out
in presence of caecal and faecal content. As granules are matrix system and swelling of
guar gum and xanthan gum was very high, the drug released without degradation of
polymer by diffusion. To prevent the release of drug before reaching the colon, the
granule was coated with guar gum followed by eudragit FS30D. The outer eudragit
FS30D coating defends the system against in vitro release, profile reflects that coated
granule of raupya bhasma is a better formulation as compared to microsphere.
Gastrointestinal environment dissolves rapidly in distal small intestine, where a lumen
pH of over 7 triggers the dissolution of the enteric polymer. The inner guar gum coating
works as a time-controlled retardant and offers additional protection to the granules
until it is degraded by microbes at the proximal colon. In vitro results (Tables 5.17-5.20
and Figures 5.21-5.24) indicate that guar gum followed by eudragit FS30D coating is a

feasible coating material to achieve colon specific drug delivery.
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6 CONCLUSION

In the present investigation an attempt has been made to prepare and characterise the
raupya bhasma. Characterisation of raupya bhasma using modern analytical techniques
enhances it acceptability in modern medicine.On the basis of analysis using Zeta sizer
it was concluded that the size of raupya bhasma lies in nano range. It means raupya
bhasma is the ancient concept of silver nanomedicine/nanoparticle. SEM data confers
that raupya bhasma is crystalline in nature. It was further supported by XRD. On the
basis of XRD pattern, it is also concluded that raupya bhasma is composed of oxide of
silver. FT-IR data confirms that bhasma is free from any organic impurity. Silver
content was determined using ICP-MS method. Thermogram of TGA can be used as a
standard for evaluating raupya bhasma. The study is important because of the fact that
raupya bhasma was standardised for the first time by modern analytical techniques
which can be used as a standard to ensure the quality.

Anti-inflammatory activity of raupya bhasma was determined using protein
denaturation method, using egg albumin obtained from hen’s egg. It was found that
rapya bhasma posses better anti-inflammatory activity than declofenac sodium. From
the ICso values it became evident that raupya bhasma is more active than diclofenac
sodium, being effective in lower concentrations. The anti- denaturation effect was
further supported by the change in viscosy. It has been reported that the viscosity of

protein solution increases on denaturation.

The present investigation is significant because of the fact that anti-inflammatory

activity of raupya bhasma has been reported for the first time.

Ulcerative colitis is a condition of inflammation of colon, raupya bhasma could be a
suitable candidate for treatment of ulcerative colitis. Moreover, it could also be used
for other inflammatory diseases like oxidative stress, tumour necrosis factor alpha,
interleukins which are related to denaturation of proteins and are the mediator of

inflammation, in addition also the causative factors of cancer.
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Anti-cancer (colon cancer) activity of raupya bhasma was determined by MTT assay
using HCT 118 cell lines and it was found that raupya bhasma possess better anti-cancer
activity as compared to 5-FU. The anti-cancer activity of raupya bhasma was
determined for the first time in this study.

The study is also important because formulation of raupya bhasma (microsphere and
coated granules) was prepared for the first time for targeting to colon. It enhances the

efficacy at lower dose.

In vitro drug release has been carried out using human faecal content and goat caecal
content. But both methods are not convenient either at laboratory scale or at industry
scale. So the present study realises the usage of probiotic culture in dissolution media
to mimic the colonic microflora conditions in order to evaluate in vitro drug release
behavior of formulations meant for colonic delivery. The novel approach exploits
development of dissolution media used for evaluating drug release of pharmaceuticals
meant for colon specific drug delivery. More specifically, it pertains to the development
of animal sparing dissolution media for testing the drug release of polysaccharide based

formulations used for colon specific drug delivery.
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INTRODUCTION

Nanotechnology is emerged as a
fastest growing field with numerous

ABSTRACT

Silver nanoparticles (SNPs) are one of the most frequently used
nanomaterials because of their antimicrobial properties. It can be
prepared by physicochemical and biological method. Silver ions has
toxic effects on gens, including bacteria, viruses, and
fungi. Because of relatively low toxicity of SNPs in humans, it has
been used in various medical applications. Decrease in particle size
of silver nanoparticles may leads to increase in antibacterial activity
which has been associated with the increasing surface area to mass
ratio. As various diseases is triggered by these microorganism so
pharmacological evaluation of silver nanoparticles may be fruitful in
those disease which occurs due to bacteria, fungi and virus. The
present review deals with various method of preparation and reported
preclinical activity of silver and its derivatives.

Keywords: Silver nanoparticles, Nano crystalline silver.
Nanomedicine, Metallic nanoparticles, Silver.
pharmacological action’. Metallic

nanoparticles, including gold. silver, iron,

applications in science and technology for
manufacturing new materials.
Nanotechnology is defined as the design.
characterization and  application  of
structures, devices and systems by
controlling shape and size at 1 to 100 nm".
Modern era is of nanomedicine owing to
their various therapeutic applications with
more efficacies and lesser side effects. The
popularity is due to their potential for
achieving specific process and selectivity in

American Journal of Phytomedicine and Clinical Therapeutics

zinc and metal oxide nanoparticles, have
shown great promise in biomedical
application, due to their large surface area to
volume ratio®.SNPs or nanosilver (NS) are
emerging as one of the fastest growing
product in nanotechnology industry. In daily
life NS is used in room spray, wall paints,
water purifier and laundry detergent.SNPs
are also incorporated in textiles for
manufacturing of cloth, vests, underwear
and socks. It is estimated that of all nano
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DEVELOPMENT OF QUALITY STANDARDS OF ANCIENT SILVER BASED
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ARTICLE INFO ABSTRACT
Article history Health practitioner afraid to use metal as medicine due to reported severe toxicity. However
Received 15/10/2013 Ayurvedic system of medicine particularly Rashshastra described about metal based medicine
Availablc online to cure various ailments. From ancient time bhasma is used in various discase and found to be
07/11/2013 free from toxicity. As per Ayurvedic physician bhasma may be toxic if it is not prepared as
per standard method mention in Rashshastra. Raupya bhasma is silver based nanomedicine of
ancient Ayurveda which is used to strengthen brain, liver, heart and memory. 1t is also used as
immunomodulator and aphrodisiac. Due to lack of scientific data over Raupya bhasma it 1s
Keywords not as popular as other silver nanomedicine. To consider above mention fact an attempt has
Bhasma, been taken to prepare Raupya bhasma according to ancient literature and their
Nanopartickes. characterisation by modem analytical tcchniqm In this work. we present a systematic
silver nanoparticles, characterization of this traditional drug using vanious techniques like inductive coupled
Raupya bhasma, plasma mass spectroscopy (ICP-MS), X-ray diffraction (XRD), thermo gravimetric analysis
Rajat bhasma, (TGA). scanning clectron microscopy (SEM), Fourier transform infrared spectroscopy (FT-
Nanomedicine IR) and zcta sizer. The silver content in bhasma was found to be 63.054%. The nature of

bhasma was found to be microcrystalline irregular having particle size 323.8 nm. TGA
analysis indicates about loss of weight with temperature. The results obtained were found to
satisfactory and confirm the traditional evaluation process by modem method. In addition,
some specific findings were also made which could be used as standard data for quality
control of Raupya bhasma.
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Formulation and Evaluation of Dosage form of Raupya (Silver)
bhasma for colon targeted drug delivery

Shyam Baboo Prasad’,Yashwant', Vidhu Aert”
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ABSTRACT

The potential of guar gum as a film coating material for colon targeted delivery of raupyabhasma
is assessed in this study. The granules was prepared by mixing raupyabhasma, guar gum and
xanthan gum which was coated by guar gum and pH-sensitive polymer eudragit FS30D
sequentially around drug-loaded granules. The outer eudragit FS30D coating defends the system
against gastrointestinal environment and dissolves rapidly in distal small intestine, where a
lumen pH of over 7 triggers the dissolution of the enteric polymer. The inner guar gum coating
works as a time-controlled retardant and offers additional protection of the granules until it is
degraded by microbes at the proximal colon. In vitro results indicate that guar gum followed by
eudragit FS30D coating is a feasible coating material to achieve colon specific drug delivery.
Keywords: Colon targeting, Microbially triggered drug delivery to colon, Polysaccharide based
drug delivery. Colon targeted drug delivery. Silver nanoparticles. Bhasma etc.
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In vitro anti-inflammatory activity of Raupya (Silver) Bhasma
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ABSTRACT

Formulation of silver nitrate and silver sulphadiazine is choice of drug in topical treatment of burns and related
inflammation. Ancient silver based nanomedicine of Ayurveda is raupya bhasma (RB) used in treatment of different
ailments but RB is still not explored to their anti-inflammatory activity. To consider this an attempt has been made
to evaluate in-vitro anti-inflammatory activity of RB against denaturation of protein. Denaturation of lissue proteins
is one of the well-documented causes of inflammation. Different concentration of RB was incubated with egg
albumin in specified experimental conditions and subjected 1o determination of absorbance and viscosity lo assess
the in-vitro anti-inflammatory property using diclofenac sodium as standard against denaturation of protein. RB
inhibited protein denaturation in dose dependent manner. The effect of RB as anti-inflammatory agent was found to
be better than standard (diclofenac sodium) as the IC50 value of RB and diclofenac sodium are 43.2 pg/mlL
46. 1pg/mL respectively. Inhibition of denaturation of protein was further confirmed by change in viscosity. On the
basis of present research it is concluded that RB possessed marked anti-inflammatory activity against the
denaturation of protein.

Keywords: Raupya bhasma, Silver nanoparticle, Anti-inflammatory activity, In vitro anti-inflammatory activity,
Inflammation.

INTRODUCTION

Inflammation is a process of body defence mechanism. which is associated with pain and involves the increase of
vascular permeability, increase of protein denaturation and membranc alteration. Inflammation may be duc to
chemical agent, physical agents and microbes. It is characterized by swelling, redness, pain, heat. and loss of
function of injured arcal 1]. Injury of cells may leads to release of kinins. prostroglandins and histamine. The release
of these mediators causes vasodilation, increase in permeability of the capillaries which may lead to increased blood
flow to injured site. Inflammation can be classified as both acute andchronic. Acute inflammation is the initial
response of the body to harmful stimuli and is achieved by the increased movement of plasma and leukocytes
{especially granulocytes) from the blood into the injured tissues [1.2]. A cascade of biochemical events propagates
and matures the inflammatory response, involving the local vascular system, the immune system, and various cells
within the injured tissue. Prolonged inflammation is known as chronic inflammation, leads 1o a progressive shift in
the type of cells present at the site of inflammation and is characterized by simultancous destruction and healing of
the tissue from the inflammatory process. Current drugs available for treatment of inflammation such as opioids and
non-steroidal anti-inflammatory drugs (NSAIDS) are not useful in all cases of inflammatory disorders, because of
their severe side effects. As a result, a scarch for other alternatives scems necessary and beneficial [1,2,3].From the
history of civilization traditional medicines were used to cure human aliments in every possible condition. In
modern cra we have the option to use them over the synthetic molecules because traditional drugs have lesser side
cffects [4]. Modem era is of nanomedicine owing to their various therapeutic applications with more efficacics and
lesser side effects. The popularity is due to their poteatial for achicving specific process and sclectivity in
pharmacological action]5]. Bhasma the ancient concept of nanomedicine is used for treatment of various chronic
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ABSTRACT

Bhasma is used as medicine from ancicnt time for treatment of various discase. But health professional afraid to use metal
product as medicine. As per Ayurvedic alchemist bhasma is safe to use only when it is prepared as per protocol mention
in Rasashastra. The quality of bhasma can be assured by ancient Ayurvedic literature but it is not accepted in modern
society. To trigger the rescarch in field of bhasma present review deals with general method of preparation, characterisation

and reported preclinical activity of bhasma.

Key words: Bhasma. Nanomedicine, Nanoparticle, Mettalic nanoparticles. Herbomineral, Ayurveda

INTRODUCTION

Nano medicine getting popularity day by day owing 1o
their various therapeutic applications with more efficacies
and lesser side effects'. The popularity is due to their
specific and selective pharmacological action. Bhasma the
ancient concept of nano medicine is used treatment of
various chronic ailments since 7* century BC. From the
history of civilization traditional medicines were used to
cure human aliments in every possible condition. In
modern era we have the option to use them over the
synthetic molecules because they have lesser side effects
334, Bhasma is the calcination product of inorganic and
organic substunces. Bhasma as a medicine is a mystery duc
to scvere side effect associated with metal when
administered internally”. As per ayurvedic physician
bhasma is nontoxic if metal is processed according to
ancient ayurvedic literature. The rational pharmaceutical
and therapeutically approach of Ayurveda in general and
Rasa shastra in particular has transformed metal into
medicinal form. The processes of shodhana
(purification/potentiation) and marana
(calcinations/detoxification — treatment with that quantum
of energy which is needed for physico-chemical
conversion of raw materials to Bhasma: a therapeutic
form) which are very individualized in terms of material,
media. method and absolute medicinal form®. The bhasmas
are taken along with milk, butter, honey, or ghee which
makes these clements casily assimilable. climinating their
harmful effects and enhancing their biocompatibility”. Our
ancient literature describes various method to ensure the
quality of bhasma. In current few year tremendous work
has been carried out to ensure the quality of bhasma. The
present review deals with ancient as well as modem
method of preparation of bhasma, therapeutic application
of almost all bhasma and their method of charscterisation

by traditional method ( as per ancient literature) and using
modern analytical technigues.

Prcparation of Bhasma: Bhasma can be prepared by
putapaka method and kupipakwa method*”. Summarised
method of preparation is shown in figure-1

In recent time burning (Calcination) process is done in
crucible at specific temperature as per nature of metal and
the remaining procedure is kept same for preparation of
bhasma.

Bhasma as nano medicine: Bhasma is consider as
biologically produced nanomedicine as the size of
individual particle is found in nano range. Heating of metal
during sodhana may leads to increase in tension causing
expansion of metal foil followed by cooling in liguid
media leads to decrease in tension and increase in
compression force. Repeated heating and cooling process
may leads to brittleness, reduction in hardness and finally
reduction in particle size. It is confirmed by various
rescarch carried out for characterisation of bhasma. The
size of swarna bhasma and silver bhasma were found to be
of 56 and 16 nm respectively’.

Chemical nature of bhasma: Bhasma is produced by the
process of calcination of metal and mincrals. Calcination
of metal may leads to conversion of metal into its metallic
oxide**. Major chemical composition of bhasma is
reported in table-1.

Evaluation of bhasma*'': The quality of bhasma can be
cvaluated by traditional method of evaluation (Bhasma
puriksha). Evaluation can be done by physical and
chemical test

Physical test

Nishachandratva: Bhasma can be observed under bright
sunlight to detect the presence and absence of lustre. A
good quality of bhasma should be free from metallic lustre
indicating metal is completely converted in to ash.

*Author for correspondence: E-mail: vidhuacri@ vahoo.com
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ABSTRACT

The conventional drug delivery system for colonic disease may leads to absorption of drug across biological membrane of
gastrointestinal tract (GIT). The absorption of drug throughout GIT may leads to increase in dose and associated side
effiects. Colon targeted drug delivery (CTDDY) is a method of delivering medication to a patient in a manner that increases
concentration of the medication in colon relative to other part of GIT. The aim of CTDD is to prolong. localize, target and
have protected drug interaction to diseased tissue. The present review deals with primary as well as recent approaches of

delivery of drug to colon.

Key words: Colon targeting, Colon targeted drug delivery, Targeted drug delivery, Drug delivery, colon.

INTRODUCTION

The aim of targeted drug delivery (TDD) is selective and
effective localization of drug into the target at therapeutic
concentrations with limited or no access to non-target sites.
A targeted drug delivery system is chosen in drugs having
instability, low solubility, short half-life, large volume of
distribution, poor shsorption, low specificity and low
therapeutic  index'>. TDD may provide maximom
therapeutic  activity by preventing degradation or
inactivation of drug during transit to the target site. It can
also minimize adverse effects because of inappropriate
disposition and minimize toxicity of potent drags by
reducing dose. The colon is a site where both local and
systemic delivery of drugs can take place. Local delivery
allows topical treatment variety of bowel diseases such as
uleerative colitis, Crohn’s disease, amebiosis, colon cancer
and local treatment of colonic pathologies™. The colon
specific drug delivery system {CDDS) can be used for
systemic delivery of protein and peptide drugs. However,
treatment can be made effective if the drugs can be targeted
directly into the colon, thereby reducing the systemic side
effects’.

Primary Approaches for Colon targeted drug delivery:
Primary approaches that are used for colon targeted drug
delivery (CTDD) are as follow

pH Sensitive Polymer Coated Drug Delivery: The pH
Sensitive polymer coated drog delivery to colon can be
achieved as the pH along the gastrointestinal tract (GIT)
wvaries as shown in table 1. This can be accomplished by
means of coating that are intact at lower pH of the stomach
but that will dissolved at neutral pH of the colon. These
polymer used for coating should be resistant to the acidic
condition of the stomach but ionize and zet dissolved
above a certain threshold alkaline pH found in small
intestine. Thus it is possible o apply same concept to
deliver drugs to the terminal of ileum or colon by use of

enteric polymers with a relatively high threshold pH for
dissolution and subsequent drug release. The most
frequently used polymer for this purpose is methacrylic
acid and methylmathacrylate that dissolve at pH &
(Eundragit L) and pH 7 (Eudragit S) have been investigated.
But the pH of the distal is 6. This delivery system thus has
& inclination to release the drug load prior to reaching the
colon. To overcome the problem of premature drug
release, o copolymer of methacrylic acid, methyl
methacrylate and ethyl acrylate (Eudragit F5) which
dissolve at slower rate and at higher threshold pH 7 10 7.5
was reporied. One must question the impact of
gastrointestinal disease on largeting performance since
patient with ulcerative colitis are known to have markedly
low colon pH™™*. Polymer used in pH Sensitive Polymer
Coated Drug Delivery is shown in Table 1.

Time dependent drug delivery: In this approach, drug
release to colon from the sysiem after a predetermined lag
time. The normal transit time in the stomach is 2 hr. which
may vary, while in the small intestine it is relatively
constant around 3hr. For the colon targeted drug release
the lag time should similar to the time taken for the system
to reach the colon. The lag time of 5 hr. is considered
sufficient on the basis of relatively constant transit time in
the small intesting { 3hr). The lag time rely upon the gastric
medility and size of the dosage form. One of the most
primifive methods is the Pulsincap device. This device
consists of a non-disintegrating half capsule body sealed at
the open end with a hvdrogel plug, which is enclosed by a
water-soluble cap. The whole unit is coated with an enteric
polymer to avoid the difficult of variable gastric emptying.
When the capsule pass in the small intestine, the enteric
coating dissolves and the hydrogel plug starts io swell. The
quantity of hydrogel is adjusted so that it pops out only
after the specified period of time to release the contents. In
another approach, organic acids are filled into the body of

*Author for correspondence: E-mail: vash®9vash @ gmail. com
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Abstract

Currently available treatment options for ulcerative colitis (UC) in modern medicine have several adverse effects.
Thercfore, there is a need to develop safe and effective treatment modalitics for uleerative colitis (UC). Traditional and
alternative medicine play an important role in the management of UC as they were developed from the expenience of
people which passed from one generation to next since history of civilisation. This article presents a review on some

reported traditional and alternative medicine for UC.

Key words: Ulcerative colitis. Inflammatory bowel discase, Colitis. Colon, Inflammation, Traditional medicine, Herbal

medicine etc.

Introduction

Inflammatory bowel discase (IBD) is a gencral term for
a group of chronic inflammatory disorders of unknown
ctiology involving the gastromtestinal tract. Chronic IBD
may be divided into two major groups, ulcerative colitis
(UC) and Crohn's discase (CD). clinically characterized
by recurrent inflammatory involvement of intestinal
scgments with several manifestations often resulting in
an unpredictable course’. Ulccrative colitis is an
inflammatory chronic discase primarily affecting the
colonic mucosa; the extent and scvenity of colon
involvement arc variable. In its most limited form it may
be restricted to the distal rectum, while in its most
extended form the entire colon is involved. However,
80% of the patients present with discase extending from
the rectum to the splenic flexure. and only 20% have
pancolitis’. Although the causes of IBD remain unclear,
considerable progress has been made recently in the
ientification  of  important  pathophysiologic
mechanisms. and further and newer knowledge has been
obtained from recent studies concemning  their
epidemiology. natural history, dingnosis and treatment.
Symptoms

Initial symptoms of ulcerative colitis include diarrhoca,
blood in stool, pain, weight loss. anhnlga. fever, loss of
appetite, ophtalmopathics, nausca, vomiting, abscesses,
fistulac and lymph node swelli’. Symptoms of mild,
moderate and chronic UC is reported in table |
Epidemiology

Ulcerative colitis is usually associated with recurrent
attacks with complete remussion of symptoms in the
interim. The discasc is more common in Caucasians than
in Blacks or Orientals with an increased incidence (three
to six fold) in Jewish. Both sexces arc equally affected.
The peak occurrence of both discases (UC and CD) is
between ages 15 and 35, it has been reported in every

decade of life. A familial incidence of IBD is currently
recorded. In Asia, Africa and South America, cases of
UC s reported less as compared to European country.
Breast feeding, smoking and appendectomy are
associated with reduced nick of UC. Depression, western
dict. left-handedness may increase nisk of UC™.
Pathophysiology

The causc of UC still remains unclear. but on the basis
of rescarch in recent years point to an over stimulation or
mldcqmtc regulation of the

mucosal immune system as a major pathophysiologic
pathway, and particular emphasis has been given to
cither the study of mucosal inflammation or
immunologic reactions. When the discase is active, the
lamina propnia of the mucosa becomes highly infiltrated
with a mixture of acute and chronic mﬂammalory cells.
There s a predominant  incrcase in mucosal
Immunoglobulin G (IgG) production, evidence of
complement activation, and activation of mnauplmgcs
and T cclls. This immunological activity is associated
with the release of a vast array of cytokines, kinins,
leukotricne, platelet activating factor (PAF) and reactive
oxygen metabolites. These mediators not only serve to
amplify the immune and mflammatory response, but
they also have direct cffects on q‘mhcllal function, on
endothelial function (which may increase permeability
and lead to ischemia), and on repair mechanisms, thus
increasing collagen synthesis. In addition. many of the
cytokines (interleukins | and 6. tumour necrosis factor)
will activate an acute phasc response, resulting i fever
and a risc in serum acute phase proteins™.

Diagnosis

The diagnosis of UC 1s made on clinical suspicion and
confirmed by biopsy, stool examinations, ugmoldoseopy
or colonoscopy. or barium radiographic examination’.
Complication

* Author for Correspondence: yash99vashia gmail.com
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ABSTRACT

Probiotics have been perceived as a solution to many of the life style related problems. In modern era the quality of water
and food supply may affect the intestinal micro flora. Chlorinated water and preservatives added to foods may lead to an
alteration in the normal micro biota of intestine. Probiotics, however, lead to reversal of this altered microbial picture back
to normal. They tend to maintain the delicate balance exiting between the gastro intestinal tract and the immunological
system of the body. Whenever this balance is disturbed, o discase develops. Probiotics competitively inhibit the over
stimulation of immune system by pathogenic bacteria by adhering themselves to the gastro intestinal mucosa in place of
pathogenic bacteria and thus inhibiting their colonization. They have proved to be beneficial in the case of allergies/eczema,
diarrhoca, hyperlipidacmia, Acquired Immune Deficiency Syndrome. liver cirrhosis, gastric ulcer, hypertension,
inflammation, arthritis, inflammatory bowel discase, peptic ulcer and cancer etc. It is also bencficial in case of antibiotic
resistance or antibiotic associated side cffects. The present review deals with the updated information about the role of

probiotics in health and discase.

Key words: Probiotics. Lactobacillus, Bifidobacterium, Streptococcus, Saccharamyces, Healthcare

INTRODUCTION

Pharmaceuticals have not been able to completely control
the global morbidity and mortality in case of both acute
and chronic discascs. Hence, scarch for the other
alternatives has always been there'. The old age quote of
Hippocrates becomes most pertinent in the current health
scenario i.c. “let food be thy medicine and medicine be thy
food™. In the late 90°s. microbiologists identified the
difference between the micro flora of the discased human
beings and those of normal human beings. The beneficial
micro flora were termed as “probiotics™. There are
billions of bacteria present in human Gastro Intestinal
Track (GIT) forming about 1 kg of the human weight,
which includes both harmful as well as beneficial bacteria.
Together they are called as gut flora. Delicate balance
between the harmful and the beneficial bacteria is
responsible for maintenance of health. When this balance
is disturbed, the person becomes discased. One of the ways
to regain this balance is the external administration of
probiotics (beneficial bacteria) into the body of the
discased person. Probiotics include a large number of
different types of bacteria that are normal inhabitants of
human GIT. The most common among them are various
species of Lactobacilli and Bifidobacteria. They reside in
small intestine and colon. Probiotics have been able to
attract the maximum attention among several food
supplements as they have additional benefits beyond their
nutritional value *. In 1965, Stillwell and Lilly introduced
the term “probiotics™. The term is made up of two words
Latin  preposition pro means  “for” and the Greck
adjective fumniwo: means “biotic™. Hence, it means “for
favour of lifc”. According to World health organisation
(WHO) and Food and Agriculture Organization (FAO) it

1s defined as “living microorganism intended for
administration into the host body in adequate amount so as
1o confer health benefits™.

History: It has been known since long that there are
benefits of using fermented milk products and poultices of
bread moulds. But Ellic Metchnikoff started the probiotic
therapy via fermented milk products in 1907. In 1915, the
therapy was used for the treatment of urogenital infections.
However., in the intertwining period of 7-8 decades less
study is reported on probiotics due to an increased interest
in antibiotics. These were labelled as “alternative
medicines™. Recently there has been a resurgence of
probiotics due to demand of consumers for better
trcatment. This resurgence can also be attributed to
development of resistance against antibiotics®.

Probiotic criteria: An organism must fulfil the following
criteria in order to be considered as probiotics: There
should be high cell viability. and should be able to survive
in low pH. Even if strain cannot colonize in gut, it should
have the ability to persist. They should have the ability to
adhere to the epithelium of GIT so as to overcome the
flushing cffect duc to peristalsis. They should have the
ability to interact or to send signals to the immune cells
associasted with GIT. They should be capable of being
isolated from humans. They should have processing
resistance. They should be non-pathogenic. They should
have positive influcnce on local metabolic activitics.

A dosc of five billion colony forming units are gencrally
recommended for adequate health benefits. Probiotics
should be Generally Recognized as Safe (GRAS).
Probiotics preparations involve the use of both single as
well as mixture of microorganisms®.

*Author for correspondence: E-mail: yash99vash@ gmail.com




