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ABSTRACT 

 

Gastric ulcers are a common cause of morbidity and mortality. A gastric ulcer is defined as a peptic 

ulcer restricted to the gastric mucosa, induced by exposure to excessive hydrochloric acid as well 

as excessive pepsin activity. It leads to impaired gastric function and pain. Conventional drugs 

used to manage this condition have toxicity as a common side effect leading to various undesirable 

effects, which appear to limit the use of these drugs thereby activating research for alternative 

drugs. African nightshades (Solanum nigrum L.) has been used traditionally as a herbal cure for 

gastric ulcers in different parts of the world. The objective of this study was to analyze, through 

morphologic and morphometric means, the anti-ulcerogenic activity of three S. nigrum genotypes 

namely, S. scabrum, S. sarrachoides and S. villosum genotypes found in Kenya on the rat stomach.  

 

Aqueous extracts of the three S. nigrum genotypes were obtained at the vegetative stage and 

subjected to phytochemical screening. The crude extracts were then administered to three groups 

of Wistar rats 30 minutes before administration of 1ml ethanol to induce ulceration. A negative 

control group was given distilled water orally, while a positive control group was given 1ml 

ethanol orally. Tissues were harvested from the stomach antrum and examined grossly, then 

processed for examination under light microscopy using Hematoxylin and Eosin, Periodic Acid 

Schiff and Masson’s Trichrome staining methods. 

 

The phytochemical testing revealed the presence of: terpenoids, tannins, saponins, flavonoids as 

well as glycosides. The three S. nigrum genotypes exhibited antiulcerogenic effects. S. scabrum 

showed the highest ulcer inhibition score of 76.4%, followed by S. sarrachoides with 72.5% and 
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S. villosum with 63.3%. S. nigrum pretreated rats showed less gastric mucosal surface erosion, 

congestion, edema and hemorrhage. 

 

 Penetrating ulcers in S. nigrum pretreated rats affected only the gastric pit region of the stomach 

mucosa, except for those of the S. villosum pretreated rats, which penetrated to affect the gastric 

glands.  S. nigrum pretreatment resulted in more intense staining, (compared with rats that were 

not treated before ulcer induction) of the mucus regions of gastric glands with PAS and of inter-

glandular connective tissue with Masson’s trichrome denoting less gastric damage in these 

animals. Microscopic ulcer index scores decreased 5.1, 3.6 and 2.4- fold in S. scabrum, S. 

sacharroides and S. villosum pretreated rats respectively. 

Results of this work show that extracts of the three S. nigrum genotypes are antiulcerogenic in 

varying degrees with S. scabrum being the most effective. The observed differences in ulcer 

inhibition capacities of the three S. nigrum genotypes may be attributed to genetic factors, which 

reportedly influence the nature and composition of bioactive ingredients synthesized in medicinal 

plants. Further studies to isolate and quantify phytochemicals responsible for this activity at 

different stages of plant maturity are recommended. 
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CHAPTER ONE 

1 INTRODUCTION 

Gastric ulceration refers to lesions on the glandular part of the stomach mucosa induced by 

exposure to excessive hydrochloric acid and excessive pepsinogen activity (Sabiu et al., 2015). 

The stomach is a component of the digestive tube specialized in mechanical and chemical 

breakdown of food (Colville & Bassert, 2016). Like in other parts of the GIT, the wall of the 

stomach in mammals consists of four layers named from the inside outwards as: i) tunica mucosa 

comprising an epithelium, a lamina propria of loose connective tissue and a muscularis mucosae 

ii) tunica submucosa consisting of loose areolar connective tissue with plenty of blood vessels iii) 

tunica muscularis constituted by thick layers of visceral muscle fibers and iv) tunica serosa (Burkitt 

et al., 1993). There are four main types of epithelial cells that cover the stomach mucosal surface 

and extend down into the gastric pits and gastric glands. These include mucus-secreting cells, 

parietal/oxyntic cells which produce Hcl, peptic/chief cells which produce proteolytic enzyme 

pepsin and G (gastrin) cells that synthesize peptide hormone gastrin. Ulceration studies show the 

rat stomach to be uniquely susceptible to gastric lesions (Greaves, 2012), which in the current 

study were analyzed in the glandular region (part that is in constant contact with the highly 

corrosive gastric juice).  

 

Gastric ulceration (GU) leads to impaired gastric function and pain and is a common cause of 

morbidity and mortality, with close to 53 million people developing gastric ulcers in the world 

each year (Vos et al., 2015). Lifestyle changes including smoking, drinking, stress and the 

consumption of NSADs in chronic illnesses such as arthritis are some of its predisposing factors 

(Moore et al., 2014; Kołodziejska & Kołodziejczyk, 2018). It is often associated with 

complications such as perforation, bleeding, blockage and if long standing, GU precipitates to 
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gastric cancer (Pilotto et al., 2003, Milosavljevic et al., 2011; Bhattacharyya et al., 2014). 

Conventional drugs used to manage this condition include prostaglandin analogues, proton pump 

inhibitors, antacids and antibiotics in case of Helicobacter pylori infections. These however have 

toxicity as a common draw back leading to various side effects including hypersensitivity, 

hepatitis, hematopoietic changes and arrhythmias (Odou et al., 1999; Marcus et al., 2010). This 

therefore necessitates a search for anti-ulcerogenic medicines that are less toxic. Indeed, medicinal 

plants are highly preferred alternatives due to their easy accessibility and the fact that they are 

perceived to be less toxic than conventional drugs (Ernst & Hung, 2011). The use of medicinal 

plants to manage disease conditions dates back to human civilization (Mosihuzzaman, 2012). In 

developing countries, approximately four billion people (about 60% of the worldwide human 

population) rely on herbal products for their healthcare needs (Bodeker et al., 2005). The  

knowledge  on  indigenous  plants  and  their  medicinal  uses  has  traditionally  been  passed  

down  from  one  generation  to  the  next  (Miaron et al., 2004 ). Recently  a  lot  of  research  has  

been  carried  out  to  validate  commonly  used  folk  medicines (Lahlou, 2013).  

 

Solanum  nigrum,  commonly known as  African  night shade, is  used  as  a  vegetable  and  also  

as  treatment  for  various  ailments  including  gastric  ulcers  (Edmonds  and  Chweya, 1997: 

Ontita et al., 2016).  However, scientific evidence for the use of the genotypes grown and utilized 

in Kenya in ulcer management is lacking.  This  study  therefore  aims at analyzing the  efficacy 

of  three  S. nigrum  genotypes namely: S. scabrum, S. sarrachoides and S. villosum  grown  in 

Kenya   in  preventing  gastric  ulcers. 
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1.1 Objectives 

1.1.1 Broad objective 

The overall objective of this study was to determine the anti-ulcerogenic activity of three S. nigrum 

genotypes  (S. scabrum, S. sarrachoides and S. villosum) found in Kenya, in a rat model. 

 

1.1.2 Specific objectives 

1. To determine the phytochemical composition of the three S. nigrum genotypes grown and 

consumed in Kenya. 

2. To describe the morphological differences in anti-ulcerogenic activity of the three S. nigrum 

genotypes on the rat stomach. 

3. To determine the morphometric differences in anti-ulcerogenic activity of the three S. nigrum 

genotypes on the rat stomach 

 

1.2 Null hypothesis 

Solanum  nigrum  extracts  are  not anti-ulcerogenic and there are no morphological or 

morphometric  differences  in  efficacy  of  ulcer  prevention  of  the three Solanum  nigrum  

genotypes. 
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CHAPTER TWO 

2 LITERATURE REVIEW 

2.1 Gastric ulcers 

A gastric  ulcer  is  a  form  of  peptic  ulcer  that  occurs  on  the  lining  of  the  stomach. It   

presents as mucosal  damage,  following  pepsin  and  gastric  acid  secretion  (Ranakrishnan and 

Salina,  2007; Sung et al., 2009). Gastric ulcer lesions are induced by an imbalance between 

aggressive factors, such as excessive hydrochloric acid, pepsin, bile and reactive oxygen species 

(ROS), and cytoprotective factors such as the mucus barrier, rapid renewal of gastric cells, 

enzymatic and non-enzymatic antioxidants, as well as growth factors (Bhattacharjee et al., 2002; 

Sabiu et al., 2015). Common  causes  of  this  condition include:  Helicobacter  pylori  infection,  

chemical  injury to gastric mucosa associated with  the  use  of  acetylsalicylic  acid, alcohol  and  

non-steroidal  anti-inflammatory  drugs  (NSAIDs),  stress  as  it occurs  during  chronic  illness,  

nutritional  deficiencies,  some  viral  infections  among  others  (de Souza et al., 2011;  Moore  et 

al.,  2014;  Kadhin et al.,  2015).  NSAIDs  in  particular  are  often used  in  the  management  of  

musculoskeletal  diseases  such  as  arthritis, with their use being associated with   gastrointestinal  

(GI)  injury  (Moore  et al.,  2014: Velasco-Zamora  et al.,  2016).   

 

Gastric  ulcers  commonly  cause  morbidity  and  mortality,  with  an  estimated  53  million  

people  developing  peptic  ulcers globally in  2013  alone  (Vos  et al., 2015).  Gastric  ulcer  

complications  include  bleeding,  perforations,  penetration  and  obstruction (Milosavljevic  et 

al.,2011). Gastric ulcers are also precursors to gastric cancer, with various studies elucidating the 

mechanism by which this occurs (Correa and Houghton, 2007: Ding et al., 2010). These 
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complications lead to a lowered quality of life as well as economic loss due to the cost of treatment 

and time spent away from work (Knill-Jones et al., 1990). 

 

The pathogenesis of GU is multifactorial. Oxidative stress as occurs in ethanol induced GU is a 

major factor in the pathogenesis of gastric ulcers (Bhattacharyya et al., 2014). Other factors include 

the macrophage migration inhibition, blockade of cyclooxygenase (COX) activity, decreased 

synthesis of prostaglandins and high pro-inflammatory release of cytokines (Huang et al., 2001; 

Atherton., 2006; Jainu and Devi, 2006). Gastric  ulceration  in  humans  is  diagnosed  through  a  

blood  test  for  antibodies,  stool  test  for  the  bacteria or for h. pylori antigens,  a  breath  test  for  

urea  or  a  stomach  biopsy.  Confirmation  is  usually  done  by  barium  swallow  or  endoscopy  

(Pilotto et al.,  2003:  Najm,  2011). 

 

2.2 Treatment of gastric ulcers 

Gastric ulcers are commonly treated using a combination of drugs.  Proton  pump  inhibitors  for  

example  ranitidine  and  omeprazole  which  reduce  gastric  acid  secretion  are  often  combined  

with  antibiotics  especially  those  known  to  have  activity  against  H. pylori.  Antibiotic  

resistance  is  on  the  rise  hence  this  treatment  method  may  be  challenged  (Wang  and  Peura, 

2011).  Other  drugs  used  in  the  management  of  gastric  ulcers  include  prostaglandin  

analogues, histamine  H2-antagonists,  anti-muscarinics  and  antacids  (Loludice et al., 1981:  

Bighetti et al.,  2005). 
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These  drugs  have  associated  side  effects  ranging  from diarrhea, dizziness, hypersensitivity,  

hepatitis,  arrhythmia,  hematopoietic  changes  and  impotence  (Romero-Gomez et al., 1999, 

Odou et al., 1999).  These  adverse  side  effects accompanied by a high rate of GU recurrence  are  

a  common  limiting  factor  in  the  use  of  these  drugs  hence  the  need  for cheaper,  more  

readily  available  drugs  with  little  or  no side  effects. 

 

2.3 Use of herbaceous plants for treatment of ailments 

Herbaceous  plants  are  commonly  used  all  over  the  world  for  treatment  of  various  ailments.  

This  is  because  they  are  perceived  to  be  less  toxic,  more  affordable  and  highly  accessible  

(Nanyingi et al.,  2008). In  developing  countries,  most  of  the  population  depends  on  

herbaceous  plants  with  an  estimated  80%  of  the  population  in  the  Southern  hemisphere   

relying  on  herbal  medicine  (WHO, 2003).  Herbaceous plants have therefore recently received 

a lot of attention as possible sources of alternative drugs for various ailments with their 

gastroprotective activity being attributed to their ability to increase mucosal defensive factors 

(Awaad et al., 2013). Phytochemical screening has led to isolation of certain phytoconstituents of 

these plants, responsible for their prophylactic and curative properties, while acute toxicity studies 

have been used to rule out some toxic plants used in herbal medicine (Pour et al., 2011; Majeed et 

al., 2015).  

 

African Nightshades (Solanum nigrum spp.), also commonly referred  to  as  Black,  Common  or  

Garden  Nightshades,  are  a  group  of  plants  in  the  family  Solanaceae. African Nightshades 

are annual herbs that are either creeping/ prostate, semi erect or erect. Their leaves are ovate or 

lanceolate with serrated or entire margins and about 8- 15cm long.  Flowers may be white or 
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purple. Their berries are either black, purple, orange or red in colour. (Figure 2.1). This  family  

contains  both  medicinal  as  well  as  poisonous  plants,  and  is  found  growing  in  tropical  and  

temperate  areas  (Onyango,  2010; Wesonga, 2017). 

 

 

Figure 2.1: A photograph of the African Nightshade (Solanum nigrum) plant.  

 

Solanum  is  one  of the   largest  as  well  as  most  complex  genus  in  this  family  comprising  

of  many  different  species.  Species  within  this  genus  are  of  high  economic  value  and  

include  food  plants  like  the  potato  (S.  tuberosum L.)  as  well  as  plants  cultivated  for  their  

medicinal  value  like  bittersweet  (S.  dulcamara  L.)  as well as soda apple (S.  viarum  Dun.),  

which both produce  corticosteroids  (Edmonds  and  Chweya,  1997).  
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The  Solanum nigrum  complex  is  a  source  of  fruits  and  vegetables  in  Kenya  and  other  parts  

of  the  world  (Schippers, 2000).  In  addition,  it  has  been  shown  to  have  medicinal  value  

and  is  one  of  the  many  medicinal  plants  shown  to  have  gastroprotective  potential  (Potawale 

et al., 2008; Jagatheeswari et al., 2013; Majeed  et al,  2015)  and  is  used  in  Kenya  to  treat  

stomach  aches and  ulcers,  to   sooth  the  gum  of  teething  babies  and to   treat  tonsillitis  

(Edmonds  and  Chweya,  1997;  Matasyoh  and  Mwaura,  2014; Ontita et al., 2016).  The  plant  

was  also found  to  inhibit  growth  of  cervical  carcinoma  in  experiments  on  mice  (Jian,  2008).  

The  plant  is  also  used  for  its  antimicrobial  and  larvicidal  activity  (Rawani et al.,  2013).    

 

Medicinal   plants   grown  in  different  ecological  zones  have  been  shown  to  differ  in  

phytochemical  composition  (Zouari  et al., 2014; Yao  and  Bo, 2016).  This  therefore  

necessitates  further  research  in  to  the anti-ulcerogenic  properties  of  the  different  genotypes  

of  Solanum nigrum  grown in  Kenya.   

 

2.4 The stomach 

2.4.1 General histological structure of the stomach 

The stomach  is  the  portion  of  the  digestive  system  specialized  for  storage  as  well  as  

enzymatic  and  hydrolytic  breakdown  of  food (Colville  and  Bassert,  2015).  It  is  lined  by  

either  a  glandular  or  non-glandular  mucosa,  or  both  depending  on  species.  The  wall  of  the  

stomach  is  made  up  of  four  layers  consistent  with  those  of  the  rest  of  the  digestive  tube.  

The  innermost  layer  is  the  tunica  mucosa,  comprising  of  an epithelium,  a  lamina  propria    

as well as  a  muscularis  mucosa.  The  next  layer  is  the  submucosa  comprising  of  collagen  
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fibers,  fat,  blood  vessels   and  nerve  plexuses.  The  tunica  muscularis  is the third layer, which  

comprises  the  inner  oblique,  middle  circular   and  an  outer  longitudinal  layer  of  smooth  

muscles.  The  tunica  serosa  is  the  outermost  layer  and  comprises  mesothelium  overlying  a  

layer  of  loose  connective  tissue  (CT). 

 

2.4.2 The non-glandular region 

This  region  has  a  stratified  squamous  epithelial  lining,  continuous  with  that  of  the  esophagus.  

This  epithelium  is  non-secretory  and  may  be  keratinized  in  some  species  depending on diet 

(Ghoshal and Bal., 1989).  The  lamina  propria  here  is  made  up  of  elastic,  reticular  and  

collagen  fibers.   The  junction  between  the  glandular  and  non-glandular  region  is  abrupt,  

with  the  epithelium  transitioning  to  a  tall  columnar  type. 

 

2.4.3 The glandular region 

The  mucosa  in  this  region  is characterized by extensive  folds  known  as  rugae (Chivers and 

Hladik., 1980).  The  surface  has  small  invaginations  known  as  gastric  pits,  that  are  continuous  

with  and  receive  the  secretions  of  gastric  glands.  This mucosa is lined by columnar epithelial 

cells.  Majority of the lamina propria is occupied by gastric  glands  with  only  a  few  CT  fibers  

and  cells  in  between.  The  muscularis mucosa  is  quite  thick  here  and  is  made  up  of  an  

inner  and  outer  circular  layer  and  a  middle  longitudinal  layer.  Tiny  bundles  of  smooth  

muscle  fibers  extend  into  the  mucosa,  running  through  the  CT  fibers  between  the  gastric  

glands.  The  glandular  mucosa  has  three  regions, each  named  according  to  the type of glands  

present.  These are the cardiac gland region, the fundic gland region  and the pyloric gland region. 
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2.2: A schematic representation of gastric glands and the associated cell types (source: 

http://zoologybox.blogspot.com/2015/10/define-gastric-gland.html ) 

 

2.4.4 The cardiac gland region 

The  cardiac  gland  region  lies  in  a  narrow  strip  at  the  junction  between  the  glandular  and  

non-glandular  mucosa.  Cardiac  glands  are  tubular, branched  and  coiled  glands  that  open  

into  the  gastric  pits.  The  body  of  the  gland  is  fairly  short  with  a  wider  lumen  than  that  

seen in  the  fundic  or  pyloric  glands.  The  mucous  secretory  epithelium  is  cuboidal  with  

nuclei  located  at  the  basal  part  of  these  cells.  Parietal  cells  may  occupy the  junction  of  

the  cardiac gland  and  fundic gland  regions. 

 

http://zoologybox.blogspot.com/2015/10/define-gastric-gland.html
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2.4.5 The fundic gland region 

The  fundic  gland  region  is  well  developed  in  most  animal  species (Kondo., 1966). Fundic  

glands  are  tubular,  branched  and  straight  glands  which  extend  to  the  muscularis  mucosa.  

The  glands  have  a   neck  portion,  an  elongated  body,  and a slightly  enlarged  blind  end.  Four  

functionally  and  structurally  distinct  cell  types  make up  the  secretory  epithelium  of   fundic  

glands (Eurell and Frappier, 2013).  These  include  the  mucous  neck  (MN)  cells,  chief  cells,  

parietal  cells  and  argentaffin  cells.  

 

 The  MN  cells  are found in  the  neck  of  the  gland  among  the  parietal  and  chief  cells (Eurell 

and Frappier, 2013). They  are  typical  mucous  cells  with  the  flat  nucleus  located  towards  the  

cell  base.  They  appear  similar  to  the  surface  cells  but  their  cytoplasm  is  more  basophilic.  

In  addition,  when  treated  with  Periodic  Acid  Schiff  (PAS),  the  MN  cells  give  a  uniform  

intensely  positive  reaction,  while  the  surface  cells  have  PAS – positive  material in the  upper  

two  thirds  of  the  cell only (Eurell and Frappier, 2013). 

 

The  chief  cells  (zymogen  cells)  are  the  most  numerous  of  the  gastric  gland  cells (Tseng et 

al., 1987).  They are cuboidal or pyramidal.  Their  spherical  nucleus  is  located  at  the  base  of  

the  cell.  Spaces  where  zymogen  granules  occupy  in  the  living  state  appear  frothy.  Their  

basal  area  has  a  well-developed  rough  endoplasmic  reticulum,  giving  a  basophilic  staining  

reaction.  Chief  cells  secrete  pepsinogen  which  is  transformed  into  pepsin  by  hydrochloric  

acid  (Hcl).  Parietal cells are more numerous than chief cells.  They  are  pyramid  shaped  and  

are  located peripheral  to  the  chief  cells.  They have a spherical nucleus with an eosinophilic 

cytoplasm.  They produce Hcl. 
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Argenataffin  cells  are  moderately  abundant  in  the  fundic  gland  as  single  cells  wedged  

between  the  basement  membrane  and  the  chief  cells (Tseng et al., 1987).  These  can  only  be  

demonstrated  using  silver  stains  or  in  electron  micrographs.  They  produce  serotonin  which  

stimulates  vasoconstriction  and  smooth  muscle  contraction. 

 

2.4.6 The pyloric gland region 

Pyloric glands are branched, coiled and relatively short compared to other gastric glands (Kondo., 

1966).  The  gastric  pits  here  are  relatively  deeper  than  those  in  the  cardiac  and  fundic  

gland  regions.  The  cells  are  mucous  cells  and  have  a  flat  nucleus  located  at  the  base  of  

the  cell.  At  the  pyloric  -duodenal junction,  the  submucosal  intestinal  glands  are  found  in  

the  submucosa  of  pyloric  region.  The  middle  circular  muscle  layer  also  thickens,  forming  

the  pyloric  sphincter. 

 

2.5 The rat stomach 

The  rat  stomach  has  both  a  glandular  and  a  non-glandular  region (Ghoshal  and  Bal,  1989).  

The  non-glandular  fore-stomach  has  rumen-like  mucosal  folds  covered  with  keratinized  

stratified  squamous  epithelium (Uehara et al., 2018).  It is translucent, thin walled and serves as 

a storage for ingested food (Vdoviaková et al., 2016). The  glandular  portion  (corpus),  is  

characterized  by  simple  columnar  epithelium.  Gastric  glands  comprise  primarily  of  parietal  

cells  and  chief  cells,  although  argentaffin-like  cells  have  been  described  occasionally.  The  

pyloric  region  has  simple  columnar  epithelium  beneath  which  the  pyloric  glands  lie  (Ghoshal  

and  Bal,  1989:  Suckow et al.,  2005). 
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The  glandular  portion  is  separated  from  the  non-glandular  portion  by  a  fold  of  the  non-

glandular  mucosa  known  as  the  “limiting  ridge”.  The  ridge  overlaps a  deep  groove  known  

as  the  “gastric  groove” (Luciano  and  Reale,  1992).  Brush  cells  found  at  this  groove  are  

thought  to  play  a  role  in  the  transfer  of  food  from  the  non-glandular  to  the  glandular  

portion of  the  stomach  (Eberle  et al.,  2014). The surface of the glandular stomach has a mucous 

layer that is 10-20 times thicker than its surface epithelium that serves to protect it from injurious 

factors (Uehara et al., 2018). In studies on gastric ulceration (Robert  et al., 1979;  Shetty  et al.,  

2000;  Khazaei  and  Salehi,  2006)  the  glandular  portion  of  the rat  stomach has been   used  

since  the  non-glandular  portion does not  appear  to  have  any   lesions  on  gross  examination. 

 

2.6 Physiology of gastroprotection 

The gastric mucosa acts as a barrier that protects deeper gastric tissues from the injurious effects 

of gastric acid as well as ingested irritants. Various physiological functions protect the gastric 

mucosa from chemical injury. These include mucous secretion, rich mucosal blood supply, rapid 

renewal of mucosal cells, enzymatic and non-enzymatic antioxidants, growth factors among others 

(Flemström and Turnberg, 1984; Bhattacharjee et al., 2002). These are mostly mediated by the 

activity of prostaglandin cyclooxygenase (COX), nitric oxide, peptides as well as other neural 

mechanisms (Konturek., 1990: Peskar, 2001). Prostaglandins are responsible for increased 

mucosal blood flow thus increasing mucus production and bicarbonate anion production 

(Brzozowski et al., 2004). The bicarbonates in turn neutralize gastric acid. 
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2.7 Induction of ulcers in experimental animals 

Various methods are used to induce ulceration in experimental animals.  These include both 

physical and chemical methods.  Chemical methods involve use of drugs  such  as  aspirin,  

diclofenac  and  indomethacin, histamine,  serotonin,  acetic  acid  and  ethanol  (Kang  et al.,  

1996:  Pandian  et al.,  2002:  Sannomiya et al.,  2005). Physical  methods  include  

swimming/water  immersion  stress,  cold restraint  and  surgery (Grover  et al.,  2001).  For  this  

study, 80%    ethanol   was  used  to  induce  ulcers  in  the  experimental  animals.   
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CHAPTER THREE 

3 MATERIALS AND METHODS 

3.1 Plant material collection and extract preparation 

Three  genotypes of S. nigrum namely: S. scabrum, S. sacharroides and S. villosum, were  collected  

from  the Kenya Agricultural Research Institute  (KARI),  Muguga,  which  is  located  27km  

North  West  of  Nairobi,  Kenya, and  lies  1°13_S,  36°38_ E,  and  is  2096m  above  sea  level. 

The  rainfall  in Muguga is  bimodal  and  is  between  900mm  to  1000mm  annually.  Long  rains   

are  experienced  between  March to  June  and  they  total  about  550mm,  while  short  rains  fall 

between   mid-October and   December  and    total  about  400mm.  The temperature ranges 

between 7°C to 20°C with a mean of 15oC.  The  area  has  well  drained  soil  which  is reddish  

brown  to  dark  red  in  colour (FAO,  2006).  The plant genotypes were authenticated by a botanist 

at the School of Biological Sciences, University of Nairobi, Botany section, and voucher 

specimens archived in the herbarium.  

 

3.2 Sample preparation 

The  leaves  were obtained at vegetative stage from the various genotypes and were  air  dried  at 

room  temperature (20-25 o C) for  a  week  and  were  constantly  turned  to  prevent  fungal  

growth  (Mishra et al.,  2012).  The  leaves  were  then   ground  into  a  powder   to  pass  through  

a  2mm  sieve. For each genotype, 100g  of  the  powdered  leaves  was  boiled  in  500ml  of  water  

for  15  minutes.  The  aqueous extract  was  then  sieved,  freeze  dried using  a  Virtis  Freeze  

Dryer  and  stored  at  -20 o C  for  further  use.    
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3.3 Phytochemical analysis 

Phytochemical  analysis  was  carried  out  as described in Maobe et al.,(2013)  and  the  samples  

were  analyzed  for  terpenoids,  flavonoids,  tannins,  saponins  and  glycosides. 

 

Determination of terpenoids 

About  1g  of  plant  extract  was  placed  in  a  test  tube  and  10mls  of  methanol  added  then  

filtered.   2ml  of chloroform  was  added  to  5mls  of  the  filtrate.  3ml  of  sulphuric  acid  was  

added  and  observed  for  colour  change.  Formation  of  a  reddish  brown  colour  indicated  

presence  of  tarpenoids  in  the  extract 

 

Determination of flavonoids 

About  2g  of  the  extract  was  placed  into  a  test  tube  containing  10mls  of  distilled  water.  

5ml  dilute  ammonia  solution  was  added  to  a  portion  of  the  aqueous  filtrate.  1ml  of  

concentrated  sulphuric  acid  was  then  added  and  observed  for  colour  change.  Formation  of  

a  yellow  colour  indicated  presence  of  flavonoids  in  the  extract. 

 

Determination of saponins 

This  was  done  by  placing  0.5g  of  the  plant  sample in  a  test  tube.  3 ml  of  distilled  water  

was  added  and  heated  in  a  water  bath  while  shaking.  Frothing indicated the presence of 

saponins. 
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Determination of tannins 

2.0 ml  of  the    extract  of  the  sample  was  placed  in  a  test  tube  and  an  equal  volume  of  

water  was  added.  2 drops of 10% Sodium hydroxide (NaOH) was added.  A green colouration 

indicated presence of tannins.  

 

Determination of glycosides 

About 2ml  of  the    extract  was  dissolved  in  a  mixture  of  1ml  glacial  acetic  acid  and  1  

drop  of  5%  ferric  chloride  solution.  This was then under layered with 1ml of concentrated 

sulphuric acid.  A  reddish  brown  ring  at  the  interface  indicated  the  presence  of  glycosides. 
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3.4 Morphological determination of differences in anti-ulcerogenic activity of the 

three S.nigrum genotypes on the rat stomach 

3.4.1 Experimental animals 

Adult  male  Wistar  rats 6-8  weeks  old,  with  a  body  weight  (bwt)  range of 220-250g,  were  

used  for  this  study (Koolhaas,  1999).  They  were  kept  under  standard  housing  conditions  

(temp 25oC,  12h day/night  cycle,  60%  relative  humidity)  with  food  and  water  provided  ad  

libitum.  The  animals  were  allowed  10 - 14  days  to  acclimatize  to  the     housing conditions 

before  the  experiments  were  carried out.  All  experiments  were  performed  according  to  the  

guidelines  of  the  Animal  Use  and  Care  Committee  of  the Faculty  of  Veterinary  Medicine, 

University  of  Nairobi (Ref: FVM BAUEC/2016/120). 

 

3.4.2 Acute toxicity studies 

This was performed according to OECD guidelines (OECD 420, 2000).  Five  rats  were  given  a  

single  dose  of  2000mg/kg  bwt  of  the  extract  dissolved  in  normal  saline  orally.  The  animals  

were  continuously  observed  for  the  first  4  hours  for  behavior,  neurologic  and  autonomic  

profiles.  They  were  also    observed  after  24  hours  for  any  deaths  and  for  14  days  for  hair  

coat  changes.   

 

3.4.3 Drug administration 

The doses used were based on the acute toxicity studies.  A total of 36  rats  were  used  for  this  

study.  This  sample  size  was  determined  using  the  formula  described  by  Martin  et al.,  

(1987):  
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n =  (z/p)2π(1 − π) where: 

n = the required sample size 

p = the desired maximum discrepancy (i.e. ±5%) 

π = the population proportion 

z = the  appropriate  z  value  from  the  normal  distribution  for  the  desired  confidence  interval  

(C.I).  Therefore, for a 50% population proportion at 95% C.I,   

n = (1.96/0.05)20.5(1-0.5) = 384 

 

However  for  ethical  considerations and  as  per  earlier  studies (Shetty et al., 2000: Jainu  and  

Devi,  2004),  this  sample  size  was  reduced  to  36  rats  which  were  proportionately  assigned  

to  six  groups  of  n = 6.  The  rats  were  starved  for  24  hours,  but  water  was  provided  ad  

libitum.   Group 1  was  the  negative  control  and  received  normal  saline  (5ml/kg)  while  group  

2  was  the  positive  control  and received   1ml  of  80%  ethanol.  Groups  3 – 6  were  the  test  

groups  and received  500mg/kg  of  the  extract  from  the  three  different  solanum nigrum 

genotypes  followed   in  30  minutes   by  1.0 ml  of  80%  ethanol  orally  (Bighetti et al.,2005).  

The  rats  were  then  sacrificed  1  hour  following  ethanol  administration  using lethal 

intraperitoneal  doses  of   pentobarbital  sodium  (140mg/kg bwt).  The  stomachs  were  then  

removed  from  the  abdominal  cavity,  opened  along  the  greater  curvature  and  gently  rinsed 

in  physiological  saline. 
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3.5 Morphometric determination of differences in anti-ulcerogenic activity of the 

three S. nigrum genotypes on the rat stomach 

3.5.1 Macroscopic morphometry  

The  stomachs  of  all  the  groups  were  examined by three pathologists independently for  the  

presence  of  the  following  lesions:  hyperemia,  edema,  hemorrhages, erosions  and  ulcers.  The  

summative  length  (mm)  of   the  lesions  was  measured  under  a  stereo  microscope.  Five  

petechial  lesions  were  considered  as  1mm  of  ulcer  (Alkofahi  and  Atta,  1999). 

The  number  of  ulcers  as  well  as  their  severity  were  recorded  on a scale of 0 – 5,  a  

modification  of  the  method   described by  Shetty  et al,  (2000) where:  

0 = No ulcer  

1= less than 5 slight lesions 

2= more than 5 slight lesions 

3= 1-3 hemorrhagic bands, <5 mm in length  

4= 1-3 hemorrhagic bands >5 mm in length 

5= diffuse hemorrhagic lesions  

The  Macroscopic  Ulcer   Index  (MaUI)  was  then  worked out   following  Vogel  and  Vogel, 

(1997) formulae  

MaUI = UN + US + UP ×10 – 1 

Where, 

UI = Ulcer index 
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UN = Average number of ulcers per animal 

US = Average number of severity score 

UP = Percentage of animals with ulcers 

The percentage inhibition of ulceration was calculated as: 

% Inhibition of ulceration = (Ulcer index positive control – Ulcer index Test) ×100   

                                                                  Ulcer index of negative control  

 

     

3.5.2 Microscopic morphometry  

 Histomorphometric evaluation was carried out following standard methods (Carleton, 1980; 

Kavoi et al., 2010).   The stomachs, after being analyzed for gross anatomical changes, were fixed 

in 10% formaldehyde.  The  glandular  portion  was  cut  into  strips  containing  all  the  layers  of  

the  stomach  then  processed for  paraffin  wax  sections   by washing  them  overnight  in  running  

tap water  followed by, dehydration  in  an  ascending  concentrations of ethanol   (50%, 70%, 

80%, 90%, 95%  and  absolute),  for  2  hours  in  each  solution  with  two  changes  at  the  level  

of  the  absolute  alcohol. The  samples  were  cleared  in 2  changes  of  methyl benzoate,  for  2  

hours and    infiltrated   in  a  paraffin  wax  oven  maintained  at  58-590C,  overnight.  They were 

then embedded in paraffin wax. The wax blocks were attached to labeled wooden blocks.  Tissues 

cut using a rotary microtome at 6µm were  stained  by  H&E  method (Carleton, 1980),  Masson’s 

trichrome  staining  method  as  well  as  PAS  staining  method. The  histology  images  were  

sampled  on  a  Leica  DRM  light  microscope  and  transferred  to  a  monitor  where  an  image  

analyzing  software  was  used  to  measure  the  depth  of  the  ulcers.  The  images  that  were  

analyzed  were  selected  in  a  random  systematic  sampling  manner and  a minimum  of  seven  

fields  analyzed  on  each  slide.    
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Microscopic  Ulcer  Index  (MiUI)  was  obtained  on a scale of 0 - 3 as  described  by  Khazaei  

and  Salehi  (2006).  Where:  

0= Normal tissue 

1= Local damage to gastric pit cells   

2= Local damage to gastric glands   

3= Deep damage to gastric glands   

A mean index was calculated as follows:  

MiUI  =  (number  of  lesions  1)  +  (number  of  lesions  2)  ×  2  +  (number  of  lesions  3)  ×  3 

 

3.6 Occupational health 

During  the  study   proper  biological  and  chemical  safety  protocols  were  observed  by  the  

animal  handlers  and  laboratory  workers.  Personnel  wore  personal  protective  equipment  such  

as  gloves,  dust  masks,  lab  coats  and  closed  shoes.  Proper  use  of  laboratory  equipment  was  

ensured  at  all  times  and  food  and  drinks  were  not  allowed  into  the  lab.  A  fume  hood  was  

used  when  working  with  poisonous chemicals  and  all  chemicals  were  stored  in  locked  

safety  cabinets,  in  clearly  labeled  containers.   

 

3.7 Safe disposal of carcasses, sharps and chemicals 

Animal  carcasses   were  placed  in  plastic  bags  which  were  then  incinerated.  Sharps  (surgical  

blades,  needles  and  broken  glass),  and  chemical  waste   were  disposed  by  placing  in  

appropriate  labeled  containers  and  handed  to  the  university  disposal  authority . 
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3.8 Data analysis 

Quantitative  data  was  subjected to one  way  analysis of variance (ANOVA)  and  Dunnett’s  

pair  wise  test   was  used  to  compare  differences  between  treatments. Results  were  considered  

significant  at  95%  confidence  interval  and  expressed  as  mean  ± standard deviation (SD).  

Qualitative data were analyzed using Graphpad Prism 5. 
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CHAPTER FOUR 

4 RESULTS 

4.1 Phytochemical composition of plant extracts   

The aqueous extracts of the three S. nigrum genotypes were found to contain saponins, tannins, 

flavonoids and terpenoids 

Results obtained from phytochemicals screening of the aqueous extracts of the three S. nigrum 

genotypes are presented in Table 4.1.  

Table 4.1: Phytochemical composition of aqueous extracts of the three S. nigrum  genotypes. 

 

 S. villosum S. sarrachoides  S. villosum 

Glycosides - - - 

Saponins + + + 

Tannins + + + 

Flavonoids + + + 

Terpenoids + + + 

 

Key: + present 

         - Absent 
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4.2 Acute toxicity findings 

Oral administration of a single dose of 2000mg/kg bwt of the aqueous extract was found to have 

no adverse effect on the animals.  No behavior or hair coat changes were observed, and no deaths 

were recorded. These extracts were therefore considered safe. 
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4.3 Morphologic findings  

4.3.1 Macroscopic findings 

Lesions  within  the  stomach  were  restricted to  the  glandular portion (GP)  of  the  stomach.  

They  included  edema,  hyperemia,  hemorrhage  as  well  as  linear  necrotic  lesions.  The  linear  

necrotic  lesions  ran  parallel  to  the  long  axis  of  the  stomach  (Fig. 4.1). 

 

 

Figure 4.1: Linear  necrotic  lesions  within  the  glandular  portion  of  a  rat  stomach  

following  oral  administration  of absolute  alcohol. 
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A  comparison  between  a  dose  of  300mg/kg  and  500mg/kg  bwt  revealed  less  ulceration  at  

the  later  dose,  hence  this  was  the  preferred  dose.   

 

Positive control rats had the most extensive lesions. Positive  control  rats  exhibited closely  spaced  

ulcerative  bands  on  the  mucosal  surface (fig. 4.2).   The  three  Solanum nigrum genotypes  

differed  in  their  efficacy  of  gastroprotection,  with  the S. Scabrum  having  the  highest  efficacy,  

followed  by  the  S. sarrachoides  and  S. villosum  genotypes  respectively. 
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Figure 4-2 Macrographs of stomachs of rats from the five different treatment groups.  
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Notice the absence of lesions in A and the massive gastric ulcerations (arrows) in B. There is 

evidence of ulcer protection by all S. nigrum genotypes as revealed by the marked reduction in 

number of ulcer areas (arrows), with the most effective extract being S. scabrum (C) followed by 

S. sarrachoides (D)  and then S. villosum (E). Bar= 1cm.  
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4.3.2 Light Microscopic findings 

The  GP  of  the  rat  stomach  had  the  typical  layers  including  the  tunica  mucosa,  consisting  

of  epithelial  lining,  lamina  propria  and  muscularis  mucosa,  the  submucosa,  the  tunica  

muscularis consisting  of  the  inner  oblique,  middle  circular   and  outer  longitudinal  smooth  

muscles  and  the  serosa.  The  mucosa  had  distinct  glands,  showing  pits,  neck  and  body 

regions,  with  the  muscularis  mucosa  extending  in  between  the  gastric  glands (figure 4.3).  
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Figure 4-3: Microscopic view of the normal rat stomach wall as appeared in the negative 

control animals. 
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Microscopic lesions  included  vasocongestion,  loss  of  surface  epithelium, dilated  gastric  glands  

and  extravasation.  The  lesions   were  seen  to  penetrate  through  the  gastric  pits  and  glands,  

terminating  at  the  tunica  submucosa.  Lesions  were  notably  fewer  in  rats  pretreated  with  

the  three  S. nigrum  extracts,  affecting  only  the  gastric  pits,  except  in  rats  pretreated  with  

the  S. villosum  extract  where  the  lesions  extend  into  the  gastric gland  region.  
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Figure 4-4: Histomicrographs showing the degree of ulceration in positive control rats (i.e. 

those that received distilled water before ulcer induction). 
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In A and B, areas of gastric mucosal surface erosion (arrows) occur at fairly short intervals. 

Penetrating ulcers (arrow heads) enter through the gastric pits (1), neck (2) and fundus/ body (3) 

of the gastric glands, muscularis mucosa (4) and to slightly extend, the tunica submucosa (5). More 

deeply, in C, the penetrating ulcer results in localized cell death involving peptic (Pe) and parietal 

cells (Pr) as well as degeneration (asterisks) in the muscularis mucosa. H&E, Bar in A, B & C= 

300, 100 & 40μm respectively.   
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Light  microscopy  of  the stomachs of the S. nigrum pretreated animals  using  H&E,  Masson’s  

trichrome  stain  and  PAS  revealed  less  degeneration  of  gastric  gland  cells and connective 

tissue,  as  well  as  less  ulcer  penetration  into  the  gastric  wall.   

 

 

Figure 4-5: Microscopic view of the stomach wall in negative control rats. 
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 A: Wall layers: tunica mucosa (MU) and its muscularis mucosa (MM), tunica submucosa (TS), 

tunica muscularis (TM) and tunica serosa (TS). 

In A&B1: boxes show the regions of gastric gland pits (1), neck (2) and body (3). In B1, mucus-

secreting cells of the gastric pits (1) stain more deeply with PAS as compared to those of the neck 

(2). Notice also (in A and more clearly in B2) the strands of muscularis mucosa (arrow heads) that 

extend apically to lie between the glands. 

A-H&E, B1-PAS, B2- Masson’s trichrome stain, Bar = 200μm in A & B and 50μm in C. 
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Figure 4.6: Histomicrographs showing the degree of ulceration in the five groups of rats.  
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Group A rats received only water before euthanasia and show no lesions. Rats in group 

B received water before ulcer induction. These present relatively more closely spaced 

ulcers (arrow heads) that begin as focal areas of erosion (arrows) on the mucosal 

surface and then penetrate deep through the gastric pits (1) and glands (2) to end at the 

tunica submucosa (SM). Groups C-E are the S. scabrum, S. sarrachoides and S. 

villosum - pretreated animals, respectively.  

Mucosal surface erosion in these groups is relatively minimal and the penetrating 

ulcers only affect the gastric pits except in E where ulcers slightly extend to the upper 

gastric gland region. H&E, Bar = 200 µm in A-E.  
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Compared to negative controls (water only), PAS staining intensity of the mucus part of the gastric 

glands in S. nigrum pretreated animals did not reduce as much as it was seen in the positive control 

group (water then ethanol). Similarly, Masson’s trichrome staining revealed thicker and more 

densely stained interglandular connective tissue separation in negative controls and pretreated S. 

nigrum treated rats as compared to positive controls (Table 4-2). 

 

Table 4-2: Comparisons on intensity of staining of mucus part of the rat’s gastric glands and 

of inter-glandular connective tissue in the different treatment groups 

 

Treatment  

group 

Negative 

control 

(water only) 

Positive control 

(water then 

ethanol)  

Solanum 

scabrum 

genotype 

Solanum 

sarrachoides 

genotype 

Solanum 

villosum 

genotype  

PAS staining  

intensity 

++++ + +++ +++ ++ 

Staining intensity 

for collagen    

 

+++++ + +++ +++ +++ 

 

  



 

40 
 

 

4.4 Morphometric findings 

4.4.1 Macroscopic ulcer index 

Morphometric  data  from  this  study  estimated   the  ulcerative  index  of  the  controls  to  be  

13.46 ± 2.03mm,  while for  the  S. nigrum - pretreated  rats,  the  ulcer  prevention  index  varied  

with the  S. nigrum genotype as follows: 3.18, 3.70 and 4.94 in the S. scabrum, S. sarrachoides 

and S. villosum genotypes respectively.  The  percentage  ulcer  inhibition  was  76.37,  72.51  and  

63.30  in  S. scabrum, S. sarrachoides and S. villosum respectively. 

Data on the MaUI is shown in Table 4-3. 

 

4.4.2 Microscopic ulcer index 

The MiUI in the positive control animals was 14.5mm.  This value decreased to 2.86, 4.08 and 

6.12 in S. scabrum, S. sarrachoides and S. villosum, respectively, - in the pretreated rats. (Table 4-

3) 
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Table 4-3: Protective effects of extracts from S. scabrum, S. sarrachoides and S. villosum 

genotypes of S. nigrum on ethanol induced gastric lesions in rats.  

 

 

 

  

Treatment  Number  

of animals  

Macroscopic 

ulcer index (mm) 

Microscopic 

ulcer index (mm) 

Inhibition  

Ratio (%) 

+ve control- water then 

ulcer induction 

 

6 

 

13.46± 2.03 

 

14.5± 2.17 

 

S. scabrum then ulcer 

induction  

 

6 

 

3.18± 0.64 

 

2.86± 0.44 

 

76.37 

S. sarrachoides then ulcer 

induction 

 

6 

 

3.70± 0.73 

 

4.08± 0.75 

 

72.51 

S. villosum then ulcer 

induction 

 

6 

 

4.94± 0.81 

 

6.12± 0.83 

 

63.30 
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CHAPTER FIVE 

5 DISCUSSION, CONCLUSION AND RECOMMENDATIONS 

5.1 Discussion 

Ethanol  has  been  demonstrated  to  cause  oxidative  stress,  leading  to  the  release  of Reactive 

Oxygen Species (ROS) in form of  free  radicals  and  consequently,  damage  to  the  gastric  

mucosa  (Pan  et al.,  2008). The current work in rats shows that these lesions are restricted to the 

GP of the stomach and include edema, hyperemia, hemorrhage and necrotic bands (Hamid et al., 

2012). The  mechanism  by  which  ethanol  induces  gastric  ulcers  entails a host  of  events. 

These  include  hyper production  of  free  radicals,  leading  to  increased  lipid  peroxidation  and  

eventual  damage  of  cells  and  their  membranes (Shetty  et al., 2000). In their study, Akhtar and 

Munir (1989) reported increased plasma concentrations of the hormone gastrin as well as increased 

gastric mucosal H+K+ATPase activity in ethanol induced gastric ulcerated rats.  

 

S.  nigrum,  which  is  a  locally  available  plant  in  many  parts  of  the  world,  has  been  shown  

to  prevent  and  in  some  cases  treat  gastric  ulcers (Edmonds  and  Chweya,  1997; Jainu  and  

Devi, 2004; Saravanan et al., 2011). S. nigrum has been reported to have both antisecretory and 

antioxidant activity thus inhibiting gastric ulcer formation in ethanol induced models (Sen et al., 

2009). Previous studies have mostly used methanolic extracts of S.  nigrum (Jainu and Devi, 2004: 

Sen et al., 2009: Saravanan et al., 2011).  Studies  have  also  shown  that  the  phytochemical  

composition  of  plants  differ  with  ecological  zones  where  they  are  grown  (Zouari  et al., 

2014; Yao  and  Bo, 2016).   
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The current study revealed that aqueous leaf extracts of three S. nigrum genotypes grown locally, 

protect against ethanol induced gastric ulcers, suggesting that these extracts have antioxidant and 

anti-inflammatory activities. The level of gastroprotection differed with the genotype. S. scabrum  

was  the  most  effective  at 76.37%  ulcer  inhibition  compared  to S. sarrachoides and S. villosum  

at  71.51%  and  63.3%  ulcer  inhibition  respectively. The macroscopic ulcer index was 13.46 in 

the control rats, decreasing to 3.18, 3.70 and 4.94 in the S. scabrum, S. sarrachoides and S. villosum 

genotypes respectively. Microscopic ulcer index scores decreased from 14.5mm in the positive 

control rats to 2.86, 4.08 and 6.12 in S. scabrum, S. sarrachoides and S. villosum -in the pretreated 

rats respectively, representing a 5.07, 3.55 and 2.37- fold decrease in the MiUI. These  differences  

may  be  attributed  to  the  variations  in  phytochemical  composition  of  these  genotypes.  This  

is  consistent  with  earlier  studies  where  genetic  differences  have  been shown  to  influence  

the  growth  and  yield  as  well  as  the  nature  and  composition  of  phytochemicals  in  medicinal  

plants  (Ondieki et al,  2017:Sharma  and  Sarkar,  2013). 

 

Results from this study compare favorably with earlier studies. The study by Saravanan et al  

(2011) analyzed for antiulcerogenic effects of methanolic extracts of  Indian grown S, nigrum in  

aspirin and cold restraint stress  induced  ulcers,  where  ulcer  inhibition  rates  were  77.85%  and  

66.67%  respectively. In  their study, Jainu  and  Devi  (2004)  tested  the  gastroprotective  potential  

of  the  methanolic  extracts  of  the  berries  of an Indian  grown  S. nigrum  against  aspirin  

induced  ulcers in  rats  and  documented  ulcer  inhibition  scores  at  49.30%,  70.12%  and  

72.70%  at  extract  doses  of  250,  500  and  1000mg/kg  bwt  respectively. The above studies 

reveal a dose dependent antiulcerogenic activity of S. nigrum.   
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A  study  by El-Meligy et al., (2016)  where  rats  were  pretreated  with  a  methanolic  extract  of  

S.  nigrum  and  ulcers  induced  using  absolute  alcohol  showed  dose  dependent  reduction  of  

ulcer  index,  with  doses  of  125,  250  and  500mg/kg bwt  resulting  in  ulcer  index  of  8.30,  

5.00  and  2.80  respectively.  This  is  consistent  with  the  current  preliminary  study  where  a  

dose  comparison  between  300  and  500mg/kg  bwt  resulted  in  reduced  ulceration  at  the  

latter  dose. The preferred  dose  rate  of  500mg/kg  bwt in  the  rat,  corresponds to  that  of  35g  

per  70kg  person (WHO, 1993).  

 

Herbal medicines are increasingly being tested for their potential as safer and more readily 

available antiulcer remedies. The current acute toxicity study revealed no adverse effects of the 

three extracts at a dose of 2000 mg/kg bwt. Herbal medicines mainly act by increasing mucus 

production as well as decreasing gastric acid production (Luiz-Ferreira et al., 2010). Their activity 

is attributed to their phytochemical composition. Tannins, terpenes, flavonoids, ascorbic acid and 

fatty acids are reported in several studies (Alkofahi  and Atta, 1999; Hiruma-Lima et al.,  2001; 

Alese et al., 2018) as key phytoconstituents of plants showing gastroprotective  activity.   

 

In  the  current  study,  S. nigrum  extracts  tested  positive  for  tannins,  saponins,  terpenoids  and  

flavonoids.  Pretreatment  of  rats  with  these  extracts  was  further  shown  to  inhibit  ethanol-

induced  gastric  injuries  that include  edema,  congestion,  hemorrhage  and  necrosis. Tannins 

have been shown to have multiple benefits in disease management. They are considered as anti-

inflammatory, antioxidant, hemostatic, antiseptic as well as an analgesic (De Jesus et al., 2012). 

They are found in most plants having antiulcerogenic properties, where they were reported to be 

involved in the anti-inflammatory process, to promote tissue repair and to have activity against H. 
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pylori (Falcão et al., 2008). They promote healing by forming a protective tannin-polysaccharide 

complex layer over injured epithelium, allowing healing to take place beneath the layer (De Jesus 

et al., 2012). 

 

Saponins have a potent gastroprotective effect. A study by Yoshikawa et al (2005) found that 

saponins inhibited both ethanol and indomethacin-induced gastric ulcers in rats. They further 

isolated the saponins and found several saponin types to have gastric ulcer inhibitory activity at a 

dose of 5mg/kg bwt, with their activity being stronger than that of omeprazole. 

 

Flavonoids are a diverse class of secondary metabolites having both ulcer prevention and ulcer 

healing potential (La Casa et al., 2000; de Lira Mota et al., 2009). They have been shown to have 

antioxidant activity (Hanasaki et al., 1994). A flavonoid rich fraction of a methanolic extract of 

the M. paradisiaca fruit, was found to progressively restore damaged epithelium in aspirin induced 

gastric lesions in the rat (Alese et al., 2018). 

 

Terpenes play a vital role in growth and development of plants as well as defense against 

environmental stress (Mewalal et al., 2017). They possess a rich variety of biological activities 

such as anti- neoplastic, anti-inflammatory and anti-microbial effects (Rufino et al., 2014). 

Terpenes possess antiulcer activity with various terpenoids being reported to protect against 

different ulcerogens, with most showing dose dependent activity (Pertino et al., 2006: Pertino et 

al., 2007). 
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Periodic acid–Schiff (PAS) is a staining method used to detect polysaccharides such as glycogen, 

mucosubstances such as glycoproteins, glycolipids and mucins in tissues (Burkitt et al., 1993). In 

the staining, the reaction of periodic acid results in oxidization of vicinal diols and creation of 

aldehydes which then react with the Schiff reagent to give a purple-magenta color (Ishihara et al., 

1996; Karasawa et al., 2012). In the stomach, gastric mucins occur as surface mucin and gland 

mucin, both of which are best demonstrated by the PAS (Ota et al., 1991). Findings from this study 

indicate that ethanol-induced gastric ulceration is associated with a decrease in mucin and number 

of mucus secreting cells as revealed by PAS stained sections where sections from positive control 

rats showed a decreased intensity of staining. It appears therefore that S. nigrum attenuated these 

effects resulting in increased PAS staining intensity in the pretreated rats. 

 

Earlier workers (Slomiany et al., 1997) have shown that gastric ulceration involves a decrease in 

synthesis of prostaglandins which results in reduction in mucous secretion and direct damage to 

the mucin layer or mucin synthesis. Indeed, mucin acts as a primary barrier to acid-induced damage 

in the stomach (Lichtenberger, 1995) by acting as a free radical scavenger due to its ability to bind 

to lipids (Prathama and Harendra-Kumar, 2012).  

 

Masson's trichrome is a three-colour staining protocol used in histology to distinguish cells from 

surrounding connective tissue, with most recipes coloring collagen blue or green, cytoplasm light 

red or pink and nuclei dark brown to black (Burkitt et al., 1993).  Studies have shown that tissues 

stained with Masson’s trichrome present a clearer view of collagen fiber deposition and 

reorganization compared with H&E thereby giving a more accurate observation and analysis of 

changes in tissue structure (Rieppo  et al., 2019; Suvik & Effendy, 2012). In this study, Masson’s 

Trichrome stained sections showed reduced intensity of collagen staining in the rats that were not 
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pretreated with any extract before ulcer induction compared to the negative control animals and 

those pretreated with S. nigrum. This may be due to dense inflammation of gastric mucosa which 

caused destruction of the gastric glands and connective tissue (Alese et al., 2018). 

 

Ulcer depth also decreased in rats pretreated with the S. nigrum extracts where the ulcers in these 

treatment groups did not penetrate beyond the area of the gastric pits, except for the S. villosum 

where the ulcers penetrated into the gastric glands. These however did not reach the tunica 

submucosa as was the case in the positive control animals indicating that pretreatment with S. 

nigrum lowered the magnitude of damage induced on the gastric mucosa by ethanol.  

 

The integrity of gastric mucosal cells, particularly parietal and chief cells,  is usually affected by 

exogenous and endogenous stimuli-induced gastritis (Kengkoom et al., 2017). In this study, peptic 

and parietal cell death was evident in positive controls but not in S. nigrum-pretreated rats implying 

that S. nigrum conferred substantial degree of cytoprotection against damage by ethanol. This 

appears to be in tandem with the findings of Kengkoom et al., (2017) in which omeprazole (an 

allopathic drug that also treats gastric ulcers by blocking acid secretion) protected rats against 

injury induced on peptic and parietal cells by ethanol.  

 

5.2 Conclusion 

In conclusion, this study serves to demonstrate that aqueous. leaf  extracts  of S. scabrum, S. 

sarrachoides and S. villosum genotypes  of  S. nigrum Linn grown  in  Kenya  seem to reduce the 

risk of gastric ulceration.  It also shows  genotype  dependent  differences  in  ulcer  index scores 
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where an index of 3.18, 3.70 and 4.9 was demonstrated in the S. scabrum, S. sarrachoides and S. 

villosum genotypes respectively.  The  percentage  ulcer  inhibition  was  76.37,  72.51  and  63.30  

in  S. scabrum, S. sarrachoides and S. villosum respectively. These  differences  may  be  attributed  

to  variations  in  phytochemical  composition  of  these  genotypes.   
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5.3 Recommendations 

The following recommendations can be made from the results of this study 

1. Policies to foster increased awareness, cultivation and consumption of S. scabrum, S. 

sarrachoides and S. villosum for their demonstrated potential to prevent gastric ulcers as 

well as other illnesses cited in the literature.  

2. Further isolation, quantification and characterization of phytochemicals responsible for the 

antiulcerogenic potential of these three genotypes in the S. nigrum complex for purposes 

of commercial exploitation. 

3. Studies to determine the best maturity stage at which to harvest S. nigrum in order to have 

the highest concentration of phytochemicals responsible for antiulcerogenic activity. 

4.  Further studies to determine or rule out potentially toxic effects of the three S. nigrum 

genotypes’ extracts should be carried out to validate their use as alternative antiulcerogenic 

compounds. 

5. Further studies to determine the mechanism by which the three S. nigrum genotype extracts 

exact antiulcerogenic activity should be carried out. 

6. A dose dependent study of the S. nigrum extracts should be carried out to determine the 

most effective dose of the extracts. 
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APPENDICES 

 

Appendix 1: Hematoxylin and Eosin (H & E) Staining Protocol  

 

Description 

The oxidation product of haematoxylin is haematin, and is the active ingredient in the staining 

solution.  Haematoxylin is not classified as a dye since the molecule possesses no 

chromophore.  The in situ oxidation of haematoxylin is effected by the addition of a strong oxidant 

to the stain, in this case sodium iodate.   

 

Haematin exhibits indicator-like properties, being blue and less soluble in aqueous alkaline 

conditions, and red and more soluble in alcoholic acidic conditions.  In acidic conditions, haematin 

binds to lysine residues of nuclear histones by linkage via a metallic ion mordant, in this case 

aluminium.  To ensure saturation of chemical binding sites, the stain is applied longer than 

necessary, resulting in the overstaining of the tissues with much non-specific background 

colouration.  This undesirable colouration is selectively removed by controlled leaching in an 

alcoholic acidic solution, (acid alcohol), the process being termed 

"differentiation".  Differentiation is arrested by returning to an alkaline environment, whereupon 

the haematin takes on a blue hue, the process of "blueing-up".  The haematin demonstrates cell 

nuclei. 

  

Full cellular detail is obtained by counterstaining with the eosin mixture.  Colour enhancement is 

achieved by fortifying the stain with phloxine, a chemical member of the same family as eosin 

(halogenated fluorosceins).  The mechanism of their staining is not fully understood, but is 
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believed to be of an electrostatic nature.  Visualisations most acceptable to the histologist are 

obtained by applying the dyes in acidic conditions, whereby more intense specific colourations are 

obtained, the more acidic tissue components taking up the dye to a greater intensity, hence the 

addition of acetic acid. 

  

Method 

1. Deparafinize sections in two changes of xylene for 10 minutes each. 

2. Rehydrate sections in two changes of absolute alcohol for 5 minutes each, then 95% 

alcohol and 75% alcohol for 2 minutes each. 

3. Wash the sections in briefly distilled water.  

4. Stain nuclei with the alum haematoxylin  for four minutes.  

5. Rinse in running tap water for five minutes. 

6. Differentiate with 0.3% acid alcohol. The end point being the point at which after blueing 

up, the background is almost colourless. 

7. Rinse in running tap water for five minutes. 

8. Rinse in Scott's tap water substitute. 

9. Rinse in tap water for five minutes. 

10. Stain with eosin for 2 mins. Running water removes any over-staining. 

11. Dehydrate in two changes of 95% alcohol, then two changes of absolute alcohol for 5 

minutes each. 
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12. Clear in two changes of xylene, 5 minutes each and mount with a xylene based medium. 

  

Results 

Collagen   pale pink 

                        Muscle    deep pink 

                        acidophilic cytoplasm  red 

                        basophilic cytoplasm  purple 

                        nuclei    blue 

                        erythrocytes   cherry red 

  

Reagent Formulae 

1.   Lillie Mayer alum haematoxylin 

   aluminium ammonium sulphate ---- 200 g 

   haematoxylin (CI 75290) ------------ 20 g 

   ethanol -------------------------------- 40 ml 

   sodium iodate ------------------------ 4 g 

   acetic acid ---------------------------- 80 ml 

   glycerol ------------------------------- 1200 ml 

   distilled water ------------------------ 2800 ml 
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In a 4L Ehrlenmeyer flask, to 1000 mls of the distilled water, add the aluminium ammonium 

sulphate.  Place the flask on a stirrer, turn on the stirrer and allow to mix until the alum dissolves 

- approximately 15 mins.  Remove the flask from the stirrer, allow to cool, add the remaining 

1800 mls distilled water – to further cool the solution.  Add the haematoxylin powder to the 

alcohol and  dissolve as much of the powder as possible by shaking for a few minutes.  Pour the 

strong alcoholic solution of haematoxylin into the cooled alum solution and stir to ensure all the 

Hematoxylin powder is dissolved, preferrably overnight.  Add the sodium iodate, acetic acid, and 

finally the glycerol.  Mix well, plug loosely and store. 

It is appropriate to make up a batch of the required amount, dependant upon the usage rate. 

 

2.   Acid alcohol 0.3% Acid Alcohol                     

   commercial grade ethanol ----- 2800 ml                                 

   distilled water ------------------ 1200 ml                                 

   conc hydrochloric acid --------- 12 ml                            

In a sufficiently large container, add the acid to the water, then add the alcohol and mix 

thoroughly.  The generation of fine bubbles is an indication that mixing is thorough. 

  

3.   Scott's tap water substitute 

   sodium hydrogen carbonate --- 10 gm 

   magnesium sulphate ----------- 100 gm 

   distilled water ------------------- 5 L 

Dissolve the salts in the water.  Store stock solutions at room temperature.  
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4.   alc acetified eosin/phloxine     TQEH 

   1% eosin Y (CI 45380) ---------- 400 ml 

   1% aq phloxine (CI 45405) ----- 40 ml 

   95% alcohol ---------------------- 3100 ml  

   gl acetic acid -------------------- 16 ml                                         

Mix the above reagents together, and stir well.  The solution keeps well. 

 

Appendix 2: PAS (Periodic Acid Schiff) Staining Protocol 

 

Description: This method is used for detection of glycogen in tissues such as liver, cardiac and 

skeletal muscle on formalin-fixed, paraffin-embedded tissue sections, and may be used for frozen 

sections as well. The glycogen, mucin, and fungi will be stained purple and the nuclei will be 

stained blue.  

Fixation: 10% formalin. 

Section: paraffin sections at 5 um. 

Solutions and Reagents: 

  

0.5% Periodic Acid Solution: 

      Periodic acid ---------------------- 0.5 g 

      Distilled water -------------------- 100 ml 
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Schiff Reagent: 

      Test for Schiff reagent: Pour 10 ml of 37% formalin into a watch glass. To this add a few 

drops of the Schiff reagent to be tested. A good Schiff reagent will rapidly turn a red-purple color. 

A deteriorating schiff reagent will give a delayed reaction and the color produced will be a deep 

blue-purple.  

Mayer’s Hematoxylin Solution 

 

Procedure:  

1.    Deparaffinize and rehydrate sections. 

2.    Oxidize in 0.5% periodic acid solution for 5 minutes. 

3.    Rinse in several changes of distilled water. 

4.    Immerse in Schiff reagent for 15 minutes (Sections become light pink color during this step). 

5.    Wash in lukewarm running tap water for 5 minutes (Immediately sections turn dark pink 

color). 

6.    Counterstain in Mayer's hematoxylin for 1 minute. 

7.    Wash in tap water for 5 minutes. 

8.    Dehydrate and coverslip using a toluene or xylene mounting medium. 

  



 

73 
 

Results: 

      Glycogen, mucin and some basement membranes    red/purple 

      Fungi         red/purple 

      Background        blue 

 

Appendix 3: Masson's Trichrome Staining Protocol  

 

Description: This method is used for the detection of collagen fibers in tissues such as skin, heart, 

stomach etc. on formalin-fixed, paraffin-embedded sections, and may be used for frozen sections 

as well. The collagen fibers will be stained blue, the nuclei will be stained black and the 

background is stained red. 

Fixation: 10% formalin or Bouin's solution 

Section: paraffin sections at 5 um. 

 

Solutions and Reagents: 

Bouin's Solution: 

      Picric acid (saturated) ------------------- 75 ml 

      Formaldehyde (37-40%) ------------------ 25 ml 

      Glacial acetic acid ------------------------- 5 ml   

      Mix well. This solution will improve Masson Trichrome staining quality. 
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Weigert's Iron Hematoxylin Solution: 

      Stock Solution A: 

      Hematoxylin ----------------------------- 1 g 

      95% Alcohol ----------------------------- 100 ml 

  

   Stock Solution B: 

      29% Ferric chloride in water --------- 4 ml 

      Distilled water ------------------------ 95 ml 

      Hydrochloric acid, concentrated ---- 1ml 

  

 Weigert's Iron Hematoxylin Working Solution: 

      Mix equal parts of stock solution A and B. This working solution is stable for 3 months 

  

Biebrich Scarlet-Acid Fuchsin Solution: 

      Biebrich scarlet, 1% aqueous --------- 90 ml 

      Acid fuchsin, 1% aqueous --------------10 ml 

      Acetic acid, glacial --------------------- 1 ml 
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Phosphomolybdic-Phosphotungstic Acid Solution: 

      5% Phosphomolybdic acid ------------- 25 ml 

      5% Phosphotungstic acid -------------- 25 ml 

  

Aniline Blue Solution: 

      Aniline blue ------------------------------- 2.5 g 

      Acetic acide, glacial --------------------- 2 ml 

      Distilled water --------------------------- 100 ml 

  

1% Acetic Acid Solution: 

      Acetic acid, glacial ----------------------- 1 ml 

      Distilled water ---------------------------- 99 ml 

  

Procedure: 

1.   Deparaffinize and rehydrate through 100% alcohol, 95% alcohol 70% alcohol. 

2.   Wash in distilled water. 

3.   For Formalin fixed tissue, re-fix in Bouin's solution for 1 hour at 56oC to improve staining 

quality. 
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4.   Rinse running tap water for 5-10 minutes to remove the yellow color. 

3.   Stain in Weigert's iron hematoxylin working solution for 10 minutes. 

4.   Rinse in running warm tap water for 10 minutes.  

5.   Wash in distilled water. 

6.   Stain in Biebrich scarlet-acid fuchsin solution for 10-15 minutes. Solution can be saved for 

future use.  

7.   Wash in distilled water. 

8.   Differentiate in phosphomolybdic-phosphotungstic acid solution for 10-15 minutes or 

until collagen is not red. 

9.   Transfer sections directly (without rinse) to aniline blue solution and stain for 5-10 minutes. 

Rinse briefly in distilled water and differentiate in 1% acetic acid solution for 2-5 minutes. 

10. Wash in distilled water. 

11. Dehydrate very quickly through 95% ethyl alcohol, absolute ethyl alcohol (these step will wipe 

off Biebrich scarlet-acid fuchsin staining) and clear in xylene. 

12. Mount with resinous mounting medium. 

Results: 

      Collagen      blue 

      Nuclei       black 

      Muscle, cytoplasm, keratin    red   
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