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ABSTRACT

For centuriesAloe verahas been exploited for several verified and urfieekrimedicinal
uses such as wound healing, treatment of gastsbiné ulcers and for its many
biological effects including anti-microbial, laxadi, anti-inflammatory and immuno-
stimulatory activities. Studies have generally i on its effects imitro and in adults.
When nursing mothers ugdoe veraextracts, their suckling infants are at risk afirect
exposure tAAloe veravia breast feeding or directly as dietary/health sep@nts. The
gastrointestinal tract (GIT) of the neonate is gamsto dietary manipulations during the
suckling period with long lasting effects that dam irreversible. Thus babies may be at
risk if administeredAloe veraextracts directly as dietary supplements or iradiyevia

breast milk.

The main objectives of this study were to evaluhee effects of orally administered
agueous and alcohol extractsAlbe veraon growth performance, the morphometry and
morphology of the gastrointestinal tract and acmgs®rgans, and liver function of
suckling rats. Suckling Sprague-Dawley rats (773le® (n=38) and females (n=39) of 6
days old were randomly assigned to one of fivetitneat groups and given once daily by
oral gavage a suspension of lyophilized crude aktoh aqueous extracts éfloe vera
suspended in distilled water. Group | (control) yasaged with distilled water (vehicle).
Group Il received a low dose of the aqueous extfagL) at 50mg. kg; Group I
received a high dose of the aqueous extract (Aqtspamg. kg Group IV received a
low dose of the alcohol extract (AlcL) at 50mg:*kghilst Group V received a high dose
of the alcohol extract (AlcH) at 500mg. kgThe extracts and distilled water were

administered at a volume of 10mlkgThe pups remained with their dams for the
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duration of the study and after 8 days on theitneats, the pups were humanely killed to
harvest their tissues for measurements and phygsoalo analysis. All data were
expressed as mean + SD and analyzed by one way A\@¥ values were considered

statistically significant when p < 0.05 and theBanferroniPost hodest was applied.

The suckling rats fed respectively with high dosé#&lcH and AgH had a significantly
higher body mass gain than the other groups (9%, @ne way ANOVA). Linear growth
as measured by tibial length was significantly @ased in the AqH group compared to
the other groups. There was no significant diffeeem the mass and relative density of
the tibia bones of the rats from the different timg@nt groups. The differences in growth
could not be attributed to circulating concentnasioof the somatotrophic hormone,
Insulin-like growth factor-1 (IGF-1) which was nsignificantly different between the

groups.

The treatments did not result in any significarftedences in lengths, and mass of the
small and large intestine, however the caecum vgasfisantly enlarged (hypertrophy of

muscularis, submucosa and mucosa) in the ratsdbeived thélloe veraextracts.

Although, there was no significant difference ie thass of the rats’ livers, the lipid and
glycogen content were significantly higher (p <@pfor the AqH group compared to
the other groups. Histologically, the hepatocyté®wsed enlarged nuclei, granular
cytoplasm and dilated sinusoids for AqQH and AlcHampared to the control group. An
indirect assessment of liver function by measurdméblood concentrations of alkaline

phosphatase (ALP) and alanine amino transaminak&)(4id not reveal a significant

Vi



difference between the groups. The non fasting @atnation of metabolic substrates

(glucose and triglycerides) was also not signiftbadifferent between the groups.

The pups given high doses of the extracts had rafisiantly greater (p < 0.05) thymus

mass (hyperplastic) than the other groups.

The short term administration 8foe veraextracts has shown a growth promoting effect,
enhanced hepatic storage of metabolic substratéshgpertrophy of the caecum and
thymus of neonatal rats. These effects need toxpwred further to enhance animal

production and health.
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Chapter 1 — Introduction



1.1 Introduction

For centuries, numerous plants have been used @&alicmal properties and as key
ingredients for dietary supplements (Massimo, 2008lthough many have been
superseded by conventional pharmaceutical appreatiere is currently a resurgence in
interest in the use of natural products by the gdngublic world-wide. As a result of
scientific efforts aimed at improving the undersliaig of their effect on human
physiology, some plants have been thoroughly clemized and their mechanism of
action is now well understood. A myriad of plantthaugh used as pharmacological
agents, are yet to be characterised and undergmtific testing on their proposed
efficacy against diseas@loe verais a plant with many reputed health benefits aasl h
many references in many cultures: Ancient Egyptiddeeeks, Romans, Indians and

Chinese (Cheney, 1970).

1.1.1Aloe vera

The plantAloe verawith origins in the eastern and southern regiong\iica is also
known asAloe barbadensisand Aloe veraferox (Cheney, 1970)It was originally
classified in the family Liliaceae, but accordimgReynolds, it has now been designated
its own family, known as Aloaceae (Wallandgral, 2000). It is well adapted to growth
in arid and semi arid regions (Paetal., 2009).Aloe veracan reach heights of 10 to 20
meters with stems ranging up to 3 meters in ciremerfce. The flowers appear annually,
are bright red-orange and, are arranged in an gresition with terminal spikes in

candle-shaped clusters, whilst the capsules contairerous angular seeds.



When grown in potsAloe veradoes not like crowded roots and the use of stahdar
potting soil mixed with sharp sand will help thepl growth (Johnson, 1999; Leffest

al., 2003). When grown under low light intensity, tleaves lose their grayish cast and
become just plain greedloe verais tolerant of dry air and prefers temperatures of

21degrees Celsius in the day time and night ( Peieal 2009).

1.1.2 Biochemistry

Most of the biologically active constituentsAibe veraare found in the leaves which are
composed of the rind, juice and a gel like substgRamachandra and Srinivasa, 2008).
The plantAloe vera being a cactus contains up to 80 per cent waiteram average pH

of 4.5 (Bryant,1970).

It has been shown that some constituenisloé verahave similar biological activities to
amino acids, vitamin C, polysaccharides, anthrampes, barbaloins (glucosides) and
growth factors (Daviet al, 1994).Aloe veraalso contains several potentially bioactive
compounds such as salicylates, magnesium lacteéenannan, lupeol, campestrg},
sitosterol,y-linolenic acid, aloctin A, anthraguinonesdpe-emodin, resins, and chromone

derivatives (Wichtl and Bisset, 1994; Bruneton, 3;9@sua and Rauwald, 2006).

The remaining solid material contains over 75 d#fe ingredients which include:

a) Vitamins

Aloe veracontains most vitamins including Vitamin D, A (thetioxidant beta-carotene),

C, E, B, B,, Bs and even traces ofiB and is one of the very few plant sources of this



vitamin (Yaron, 1991). It also has beta carotenacinimide, folic acid and choline

(Matsudaet al, 2008).

b) Enzymes

Aloe veracontains lipases and proteases which aid in daye@fermeniaet al, 1999). It
also contains bradykinase which is thought to helfuce excessive inflammation and

pain when applied to the skin and also stimulagetimune system (Reutet al, 2008).

¢) Minerals

Aloe veracontains several minerals including calcium, sogipotassium, manganese,
magnesium, copper, zinc, chromium and the antiamidselenium (Zang, 2006).
Nutritionally, these minerals are trace elements amy needed in very small quantities
in the diet. They are essential for the proper fioming of various enzyme systems in

different metabolic pathways.

d) Sugars

These are derived from the mucilage layer of tla@tlvhich surrounds the inner gel. The
sugars are mainly mucopolysaccharidesloe vera contains both mono and
polysaccharides including the long chain sugar®linmg glucose and mannose, the
gluco-mannans (Hasdt al, 2009). Some of these sugars can be absorbec irboh the
gastrointestinal tract and appear in the bloodstrea exactly the same form as when
ingested (Lairoret al, 2007). Once in the blood stream they are ablextrt their
biological effects such as immunoregulation. Theslysaccharides can also adhere to

epithelial cells in the gut and form a barrier meting absorption of unwanted material



(Huggins et al, 2003). In topical preparations the sugars aceight to be the main

moisturisers (Chandaet al, 2007).
e) Anthraquinones

These are phenolic compounds that are found exellysin the plant sap. In small
guantities, when they do not exert their purgaéffect, they aid in absorptive processes

in the GIT and have anti-microbial and analgesitea$ (Panda, 2000). Aloin and
emodin found inAloe veracan act as analgesics and have been shown to have

antimicrobial effects (Chunet al, 1997).

The rich chemical composition dkloe verahas resulted in it being exploited as a

medicinal plant with a wide range of uses in thféedent body systems.



1.1.3 Pharmacology and therapeutic effects @floe vera

Many therapeutic properties Afoe verahave been described (Grindlatyal, 1986):

a) Skin and wound healing

Aloe verahas been shown to aid in the healing of variondkiof skin wounds and burns
including the speeding of incision wound repaieafiurgery (Yatest al.,1992, Heggers
et al., 1996). It is also used for the treatment of bistensect bites, rashes and sores
(Dold and Cocks 2000)Aloe verausage helps to protect the outer layers of tha ski
following cuts by reorganizing the skin cells (Ccoiand Symmonds 2006). Studies have
also shown improved wound healing in diabetic irdlials (Roberet al, 1979). Several

in vitro studies have shown thAtoe veraextracts can stimulate fibroblast and epithelial
cell growth and induce lectin-like responses in wm@ cells involved in skin wound
repair processes (healing and sealing) of the ¢alisold et al, 2002).Aloe veraalso
stimulates collagen synthesis and fibroblast agtin vitro andin vivo, as part of its
wound healing properties and it also has anti-mftfatory properties (Robedt al.,
1979, Heggerst al, 1996, Mooret al, 1999). The large polysaccharides, unique tdfres
raw Aloe vera have been found to stimulate the release of Tudemrosis Factor alpha

(TNF-a) by the immune cells, which stimulates the produncof new tissue.

In the cosmetic and toiletry industiiloe verais used as part of the base material for the
production of creams, lotions, soaps, shampoosctrahsers (Stepanow al, 2007).
Pharmaceutically, it has been used for the manufact of topical products such as

ointments and gels.



b) Diabetes mellitus and metabolism

Studies have suggested that extractdloé verahave a significant anti-hyperglycaemic
effect and may be useful in treating diabetes mosllby reducing the levels of fasting
blood sugar and glycated hemoglobin (Boudreau, 2@Gthda, 2000; Tanaket al,
2006). In streptozotocin-induced type —I diabegitsy the oral administration 8foe vera
significantly reduced the fasting blood glucosepdte transminases, plasma and tissue
cholesterol, triglycerides, free fatty acids andogtholids and in addition, it also
significantly increased plasma insulin levels (Giem et al, 1986). Similar positive
effects have been noted in type-Il diabetic mod€lan et al, 2004).The antidiabetic
effect of Aloe verais thought to be mediated in part by compoundé siscmannans and

anthraquinones (Reynolds and Dweck, 1999; &al, 2004).

¢) Anti Cancer

The chemicals contained Woe veraextracts such as lectins, arginine, germanium and
beta carotene are powerful anti-tumor agents amduine modulators. They were shown
to retard the growth of tumor cells and increagertmber of T-4 and T-8 lymphocytes
which destroy microbes and cancer cells (partitplaukaemia) (Amusaet al, 2002).
Aloe-emodin has shown anti-neoplastic activity agaisome human cancer cell lines
(Yu et al, 2006). Aloe verais also rich in antioxidants which remove freeicat thus

preventing damage to the cells in body (SteenkamdpStewart 2007).



However, recent studies have demonstrated theyabfliAloe veraproducts to cause a
proliferative effect on some cells, and thus coloédassociated with a greater risk for

carcinogenicity (Susana, 2010).

d) Cardiovascular system

The cardiovascular system transports food, hormanetabolic wastes and gases to and
from cells. Oral administration oAloe veraextracts improves cardiovascular system

functioning.

Aloe verahas been shown to have angiogenic activity whihmediatedvia beta-
sitosterol (Choiet al, 2002). Beta-sitosterol derived froAloe veraalso enhanced the
expression of proteins related to angiogenesis aggular endothelial growth factor
(VEGF) and blood vessel matrix laminin (Cheti al, 2002). Aloe vera(gel applied
topically) dilates capillaries, increasing bloodcaiation to the skin and alleviates

frostbite (Ajabnoor, 1990).

Aloe-emodin, aloin A, elgonica dimer A and bisbegoy@n derived fronAloe verahave
been shown to have hypotensive effects in ratse@dakt al, 2001). Of the four
chemical constituents dkloe veratested, aloemodin was found to be the most potent

hypotensive (Saleeset al.,2001).

It has also been demonstrated tAkie veraextracts extended the survival time of rats

subjected to lethal haemorrhage (Sadtail, 2006).



e) Gastrointestinal system

Aloe vera extracts have been documented by Leffgral, 2003 for the treatment of
ailments of the digestive system. In rat experitalemodels Aloe verahas been shown
to decrease gastric acid secretion and conferggpstection from mucosal injury due to
hydrochloric acid (Yusuét al, 2004). Aloe verahas also been shown to protect against
and/or cure gastric ulcers in humans (Kandil anthr&o, 1982) and rats (Mahattanadul,
1996 and Suvitayavat al., 2004)via mechanisms which may include antioxidant and
immunosuppressive effects. The glycoprotein, Aload is thought to be one of the
constituents of Aloes which inhibit the formatiohimdomethacin-induced gastric ulcers
when administered to rats (Sait al, 1989).Aloe veramay also have a therapeutic
effect on inflammatory bowel disease (Langmeadl, 2004). The extracts fromloe
verareportedly have laxative and purgative propemiben used for medicinal purposes
and relieve digestive disorders in animals (Hutghiet al, 1996). Aloe verais
hydrolyzed in the gut to formAloe-emodin anthrone which auto-oxidizes to a quinone,
Aloe-emodin. The anthraguinones which are poorly alebflom GIT are cleared by gut
bacteria to producAloe emodin, which is more readily absorbed and resptafor the
purgative properties ohloe verapreparations (Blumenthait al., 1998).Aloe veraalso
contains 1,8-dihydroxyanthracene derivatives wiiabe a laxative effect.

Studies on rats have shown ti#dbe veracan significantly extend the life span of rats
(Davis, 1993). Rats fed witAloe veraextracts as a dietary supplemehiowed lesser

damage of the vital organs at an older age thatraaats (Kallayaet al., 2006).



f) Musculoskeletal System

The use ofAloe has been recorded for the therapeutic managemeleipoéssed fontanel
in infants and for arthritis in the elderly (Gelthet al,, 1985). Literature also reports that
leaves ofAloe verahave been placed on broken limbs of animals tot themtures

(Reynolds, 1950; Watt and Brandwijk 1962).

g) Immune system

Aloe veracontains biological response modifiers. Thesedgichl response modifiers
have also been shown to stimulate peritoneal maeggs, splenic T- and B- cell
proliferation, and to activate these cells to seciéNF-alpha, IL-1, INF-, IL-2 and IL-6
(Leunget al, 2004; Seet al, 2005). Studies on Aloe-emodin derived frédoe vera
have shown that it increased the levels of tumarroms factor (TNF) alpha and
interleukin beta from leucocytas vitro (Yu et al, 2006). A mannose rich purified
polysaccharide fromiloe verahas also been shown to have potent tumoricidaligct
against murine cells (Leurgg al, 2004). Acemannan, (a complex carbohydrate) tiedla
from Aloe vera has been used effectively as an adjuvant in mation against some
avian viral diseases (Djeraba and Quere, 2000)vitro, macrophages exposed to
acemannan, have shown an upregulated respirataost, lphagocytosis and increased
candidicidal activity (Stuaret al, 1997). Acemannan also has tumoricidal activitgr(g
et al, 1991). The antifungal activity @loe verahas been further confirmed by At al

(1999).
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Early studies oAloeverashowed some potential as a therapeutic tool irfigie against
Human Immunodeficiency Virus (HIV) & Acquired ImmenDeficiency Syndrome
(AIDS), with reports that the virus became undetblet in some patients who used it on a
regular basis (Maliehe, 1997). However there hasbaen much further investigation on

this aspect oAloe vera

1.1.4. The gastrointestinal tract

A review of the literature on the use Afoe veraand its extractseveals that it is
generally administereger osthe implications of which are that its first pomwit contact
with an organism exposed to it would be the gastestinal tract (GIT). The
Gastrointestinal system is the portal through whicitrients and fluids enter the body.
Physical digestion of ingesta commences in the mbytaction of the teeth and some
chemical digestion can also occur in the mouth assalt of the enzymes contained in
saliva (eg amylase) (Marini, 2004). However theemagally is not enough time for
chemical digestion to occur in the mouth as thesta is rapidly swallowed and passed
on to the stomach. The stomach functions in thly stages of digestion and prepares the
ingesta for further processing in the small intestiThe stomach is also involved in the
physical and chemical digestion of food. Gastriccguwith its acidic pH (due to
hydrochloric acid) and rich content of proteasesp§in) and gastric lipase effect the
chemical digestion of the ingesta which then passet® the small intestine. The small
intestine is an important anatomical structurehia digestion of food and its size varies
from one animal species to another (Lahey, 2008)ed anatomical sites are recognised

in the small intestine, namely the duodenum, jefurand ileum. The GIT is directly

11



exposed to environmental factors as result of ddigyary intake and adapts its structure
and function in response to variations in diet €dsen, 2009). Food processed in the
GIT induces a series of physiologic responses diofy the release of regulatory and
trophic hormones, stimulation of the enteric nes/@aystem and the activation of
motility, digestive and absorptive functions of @€l (Heneghan, 1984).

The GIT is a major source of peptides that regutatal and whole body metabolism and
function (Sorensen, 2009). The GIT supplies theotiyglamus with various satiety and
adiposity signals which convey information concegnthe body’s energy stores. The
information is then used to determine the type amdunt of food which should be eaten
in order to restore the body’s energy balance t@@imal level (Wildinget al 1997;
Woodset al 2004; Wynneet al 2005).Hormonal and paracrine substances which serve
as peripheral signals released from the gastrdingstract include, among others
ghrelin, leptin, PYY, oxyntomodulin and cholecysttk, and these are released by
enteroendocrine cells in the GIT in response to different physical and chemical
properties of the ingested food passing along the(Strader and Woods, 2005; Wynne

et al 2005).

The exocrine pancreas also contributes to the tigeprocess in the small intestines.
The exocrine pancreas makes up about 95% of thkpgancreatic cell mass and consists
of two major functional parts namely, the ductallsc€5%) and acinar cells (90%).

Together these exocrine cells are responsible Hersecretion of the pancreatic juice
which is released in response to the presence idicachyme and digestive products

within the duodenum, as well as a variety of cephahd gastric signals. The rate of

12



secretion and the composition of pancreatic ju@e loe adapted to the composition of

different diets (Buddington and Lepine, 1999).

Although internal programming mechanisms remaircontrol of the development of
GIT function during early developmental stages,eexdl factors, including diet,
hormones and growth factors, play a role in theettgment of normal GIT function
through transcriptional pathways (Strasburger, 20@®tudies on suckling and weanling
rodents have shown that shifts in the activitiesddferent intestinal enzymes and
transporters are genetically programmed and relgtiess influenced by dietary factors
or hormones (Wieringat al, 2004). Diets rich in digestible carbohydratesutein lower
levels of lipases secreted by both the gastric sau@md the pancreas, whereas diets rich
in indigestible carbohydrates or dietary fibre éddeen shown to cause increased lipase
levels and output into the duodenum (Laiedral, 2007). Thus a number of factors
affect the digestive process in as far as the miet@mponents are concerned. In
particular the amount of nutrients ingested witltlee diet (i.e. the amount of
carbohydrates, lipids, proteins etc.) as well asfthm in which they are ingested play an

important role.

Significant changes of diet occur during early depmental stages of individuals, with
two key phases being immediatelgostpartum and the weaning period. The
developmental patterns of the GIT at these stagesaentrolled by both genetic and
dietary factors (Baumann, 1991). Dietary manipafeg during the suckling period
might have long lasting and possibly irreversibitiees on some transport mechanisms

in the GIT (Pacha, 2000). The ingestionAdbe veraextracts by suckling babies either
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directly through supplements or indirectha their mothers milk might have effects on

the GIT.
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1.1.5. Growth and nutrition in neonates

Human growth, viewed as a long term process, isombly regular and is characterised
by a pattern of changing height velocity from irdgrnto adulthood (Ranke, 2003). In
order for growth to take place within the lifespainthe individual, the millions of cells
making up the individual’'s body must be suppliedhwsufficient nutrient material to
enable them to multiply and reproduce new cell@wdn is not only characterised by an
increase in cell number (hyperplasia) it also imesl an increase in cell size
(hypertrophy) (Goreet al, 1994). The chemicals required by the cells tagdish their
various activities are referred to as “essentiald& and must be ingested in the diet of
the individual to ensure that the growth procesesdoot fail or become distorted. If
however, for some reason the individual experiercpsriod of malnutrition, the growth
of that specific individual will be transiently iidited (Washburn, 1950). With respect to
the “essential foods” required in order for growth take place, some studies have
demonstrated the importance of specific nutrieotsirifant growth such as protein, fat
and carbohydrate from maternal milk to solid digte breast milk from a well nourished
mother can supply adequate amounts of most vitaaridsminerals during the suckling

period.

Growth patterns differ from species to species ghahrats continue to grow although at
a declining rate throughout life whereas in humasphases of rapid growth occur (Tisi

et al, 2005).

The body is regulated by many internal factorshsag hormones and enzymes. The key
hormones involved in the regulation of growth dre &androgens and oestrogens, thyroid

hormones, insulin, glucocorticoids and growth hammowhich interact with the
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somatomedins namely, insulin-like growth factotGK-I) and insulin-like growth factor
[l (IGF-1I) (Tisi et al,2005).

These hormones are all regulated by the hypothadRanke, 2003). The hypothalamus
produces the releasing hormones which in turn déitauhe anterior pituitary to release
one of six hormones (thyroid stimulating hormon&Kll), adrenocorticotropic hormone
(ACTH), growth hormone (GH), luteinizing hormoneH}, follicle stimulating hormone
(FSH) and prolactin (PRL). Other than prolactire tither five hormones are tropic and
stimulate other endocrine glands to release horftyoaetive substances.

TSH from the pituitary stimulates the thyroid glatadsecrete two hormones of primary
importance in growth, thyroxine (T4) and triiodotbgine (T3). T3 is frequently

considered the physiologically active hormone (QW602).

Growth hormone mediates its growth promoting effadirectly by stimulating protein
deposition in the body and stimulating bone anderal growth (Tisket al, 2005). It also

works indirectlyvia interaction with the somatomedins (IGF-1 and IGFwhich are

closely related to insulin (Millet al, 1986).The indirect action of growth hormone is
thought to be its major mechanism for its effedtsllis et al, 1986). These hormones
promote long bone and tissue growth, cardiovascukturation and function, and work
with other hormonal systems to maintain homeostasithe body (Guyton, 2006 and

Sonntaget al, 2005).

Glucose is the major energy source for the foetu$ meonate. The newborn brain
depends upon glucose almost exclusively. Up to @#0%tal glucose used is consumed
by the brain (Butler, 1995). Ketones and lactate aroduced in very low quantities

(Butler, 1995). Glucose regulatory mechanisms arggssh at birth. Thus the infant is
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susceptible to hypoglycaemia when glucose demamdsmereased or when exogenous or

endogenous glucose supply is limited (Butler, 1995)

Nutritional support for the neonate presents unicjuedlenges because of high metabolic
demands for growth and body development. Early gpropriate nutritional support is

warranted to meet nutrient requirements withouteexing body reserves, especially for
preterm neonates in whom energy stores are coabigdess when compared with term

neonates.

1.1.6. Justification of study

The expense of conventional medications, espedrallieveloping countries, has pushed
researchers to focus on the healing potentialaitpland plant extracts which are readily
available in the communities (Blumentlelal, 1998). One plant that has received a lot
of attention for centuries and in different culsiigAloe vera As reviewed earlieiAloe
verahas many tested and untested medicinal attritaftesting all the body systems.
Generally the route of administration of the plartracts igper os Thus their first point
of contact is with the gastrointestinal tract (GIThe GIT is a major source of peptides
that regulate metabolism and function. Dietary rmpalations during the suckling period
might have long lasting and possibly irreversibiiees on some transport mechanisms
in the GIT (Gama & Alvares, 2000; Pacha, 2000).e@&ivts many biologically active
compoundsAloe veraand its metabolites may have trophic effects andutate tissue

function and structure (Githens, 1979). Some plartsacts have been shown to cause
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precocious maturation of the GIT (Pari and Venkasgan, 2004; Linderotbt al.,2005,

2006).

Parents may expose their babie\toe veraeither by givingAloe veraextracts to their
suckling babies or the biologically active metatasdiofAloe veramay pass to the infant
via the mother’'s milk if the mother usédoe veraprenatally during pregnancy and
postnatally during the nursing period. There isstimeed to further study the effects of
Aloe veraon the GIT which would be its first point of coatawith the body. The

suckling rat is an ideal model for neonatal studiresi and Venkateswaran, 2004).

1.1.7 Aims and objectives

The aims and objectives of this study were to eataluihe effects of Aqueous and

Alcoholic extracts ofAloe veraon:

a) The morphometry and morphology of the GIT and accesory organs of suckling

rats

The GIT is the first point of contact with dietasybstances and is sensitive to dietary
manipulations (which can change morphology) (Vazgeieal, 1999).Aloe verahas
been shown to contain growth factors, whose effentshe GITin vivo have not been

fully investigated.

b) Growth performance

Given its many constituents, some of which cou&Vehtrophic effectsAloe vera
extracts may cause precocious maturation of the GIT whiduld/ result in improved

digestion and absorption of nutrients resultingmproved growth rates of the rats as
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reflected in body mass changes and linearly as uneédy the change in length of the
extremities (tibia and femur). In an attempt tolakpany growth differences between the
different treatment groups, it would be essentabhs$say the plasma concentrations of

IGF-1 a key hormone with growth promoting effects.

c) Liver function (enzymes and storage of glycogen anipids)

The liver plays an important role in the metaboliginfat (synthesis, storage and
transport) and is a major organ involved in thetlsgsis and storage of glycogen. Liver
tissue also participates in the uptake, oxidatioeh metabolism of lipids, the synthesis of
cholesterol and phospholipids and the secretiospetific classes of serum lipoproteins.
The quantity of glycogen stored is significantljeated by dietary nutritional intake, thus

any changes in GIT function could result in changegycogen stored.

By nature of its numerous constituents, hepatoityxis a potential complication of the
use of plant extracts. It is thus important to aate the potential toxicity of th&loe vera

in the neonate. Alkaline phosphatase and alaninearansferase are important markers
of liver damage hence their concentration in plassaa be used to assess possible
hepatotoxicity of theAloe veraextracts (Bairet al, 2003). This would complement the

morphological studies (histopathology).

d) Metabolic substrates (blood glucose and triglycerid concentrations)

Dietary nutrients and water are absorbed from thd, Gnetabolised and either

catabolised to provide energy or used anaboligaliyrowth. The tissues of the vertebrate

19



brain can use glucose as their source of energycdhcentration of metabolic substrates
is an indicator of homeostasis in the body. Theceatration of glucose in the blood
remains nearly constant and this is achieved byraptex set of interactions which
include regulation by a number of hormones inclgdinsulin, glucagon and cortisol.
Determination of triglycerides level in the bloooudd help to determine the disorders of

lipid metabolism (hyperlipidemia or hypolipidemia).
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Chapter 2 - Materials and Methods
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2.1 Study setting

The study was conducted in the Central Animal Ses/animal facility and the School of
Physiology at the Faculty of Heath Sciences, Usitgiof Witwatersrand, Johannesburg,

South Africa from 2008-2009.

The study was approved by the Animal Ethics Screp@iommittee of the University of

Witwatersrand and awarded an Ethical clearancdicaté number 2008/37/03.

2.1.1 Study design

The study was undertaken with a total of 77 sugklh day old Sprague Dawley rats (38
males and 39 females received from different batchéh different dams during the
research period and according to their availabilitythe Central Animal Service). The
suckling rats were randomly allocated to five tneat groups (group |: served as a control
and was administered normal saline (0.9%), grouplll which were given low (50 mg.kg

1) and high dose (500 mgRprespectively of Alcoholic extracts éfoe veraand group IV

+ V which received low (50 mg.Ky and high doses (500 mg:Kgof Aqueous extracts of
Aloe veradaily respectively. All of the solutions were adistered at a volume of 10
ml.kg® body mass by gavage with an orogastric tube athota 1 ml syringe containing

the requisite amounts of the different solutions.
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2.2 Materials

2.2.1 Plant collection

Fresh Aloe veraplants, from which test extracts were made, wererced from a
commercial plant nursery, Flora farm in Boksburgu€@ng Province, South Africa. The
farm is on longitude of 28 © 24’ 15 and latitude®2®’ 10 with a mean annual minimum
temperature of 14 °C, mean annual maximum temperadfi 30 °C, mean annual
minimum rainfall of 450mm and mean annual maximuamfall of 500mm. The
University of the Witwatersrand Herbarium researshnager Mr Donald McCallum
verified the identity of theAloe veraplants using established procedures for plant
identification and taxonomy. A sample Aloe veraplant was dried using a wooden press

and stored in the University Herbarium with vouchember Ben Beya 1.

2.3 Methods

2.3.1 Preparation ofAloe vera extracts

The Agqueous and Alcohol (ethanol) extracts wer@amed from fresthloe veraleaves
as described by Brian and Turner (1975). Brig8§0Qg of freshly cut leaves éfloe vera
were either mixed with 100 ml of 70% ethanol (UAR®, Gauteng, South Africa) or
100 ml of distilled water and crushed in a blen@®aring®, lasec SA Company, USA)
for one minute. The crushed mixtures were theratagit on a shaker incubator (Chaker
RPM®, Lab design company, Vervaarding, South Ajridar 12 hours. The resulting
suspension was then filtered through filter pap&ibdrt®, Pore 7-11, sizel85mm,

England).The filtrate was frozen at -70 °C and tlyephilized in a lyophiliser (Vacuum
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Gauge, USA). The resultant powder was weighed usingalance (Precisa®310M,
Switzerland) to determine the yield of extractseeld for alcohol extracts was 1.5%
and for the aqueous extracts 1.2% powder from 33 Aloe vera The extracts were

stored in tightly sealed dark containers in a feee#t -20°C for later use.

2.3.2 Dry matter determination

Dry matter of theAloe verawas determined by weighing fresh leaves and pdgitiam in
an oven at 40°C for 5 days until a consistent mass reached. The difference in fresh
mass and dry mass represented the moisture coftemtmoisture content of th&loe

verawas 92%.

2.3.3 Housing of animals

Each dam and its respective pups were housed araepcages with beddings of hard
wood shavings mixed with pieces of paper for emmmental enrichment. The rats were
kept for 9 days in the Central Animal Service npitpose animal rooms during
experiments. They were housed in a controlled enmrent with 12 hour light-dark

cycles (lights on 07.00-19.00) and constant roamptrature of 22-24 °C.

2.3.4 Experimental animals
Seven adult Sprague —Dawley female rats (CentranainServices, University of the
Witwatersrand, Johannesburg, South Africa) thatdiaen birth to a total of 77 suckling

pups (males and females) were used in the study.7Tthams were kept with their own
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pups and supplied with mice cubes (Epol®, Johanmgslsouth Africa) and tap water
ad libitum (provided in 500ml water bottles with nipple tip¥he dams did not receive
any treatment during the study, they were just tveigevery third day as part of routine

husbandry to monitor their general health and gngverformance.

When the pups in each litter were received at & ddyage, they were randomly assigned
to each treatment group and identified by coloudesomarked on their tails with a non

invasive, non toxic superficial permanent ink marke

The pups in each treatment group receitémk veraextracts at the two different doses
every morning between 09h00-10h00 over a period8ofdlays pups were then
anaesthetised and subsequently killed with Sodiuentddarbitone (150mg.Kdy

(Euthanase®, Centaur labs, Johannesburg, Southalfimjected intraperitoneally. The

dams were returned to stock.

2.3.5 Blood sampling and plasma processing

Following administration of anaesthesia to the pupgeod samples were obtained by
cardiac puncture using 21G needles on 1ml syrirflyeshed with heparin (Heparin

Novo®, Novo Nordisk Company, Johannesburg, SoutiicAf. The blood samples were
used for determination of glucose, triglyceridesl dimer enzymes. The samples were
transferred to plain blood tubes (Greiner Bio-omekH, Austria) and then centrifuged at

3000G at 4C (SorvallRT®6000B) for 15min and the plasma waldected and stored at

-70°C until hormonal assays were performed.
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2.3.6 Determination of glucose and triglyceride carentration in blood

The blood glucose and blood triglyceride concernast were determined by colorimetric
enzyme reactions using a glucometer (Glucometee®lB947, Bayer Company, Japan) and
triglyceride meter (Accutrend triglycerides, Roch@éompany, Mannheim, Germany)
respectively. The instruments were calibrated asdduaccording to the manufacturer’s
instructions. During tissue harvesting, a drop lafod collected from cardiac puncture was
drawn on the test strip into the reagent chambéreach of the Glucometer and the
triglyceride meter and results for the metabolibsdtates were then read off the meters’

display unit.

2.3.7 Determination of liver enzymes (total alkalie phosphatase and alanine

aminotransaminase)

The enzyme activity (U} was determined using the Reflotron machine (Refi§, Roche
diagnostics LTD, Burgess Hill west Sussex, RH159Rited Kingdom). After calibration of
the machine according to the manufacturer’s instsas, drops of blood were placed on test
strips which were then placed into the Reflotrorchiie which performed the assays and gave
a print out of results. The test strips for thenala aminotransaminase were RefloftdBPT
(ALT) (Roche Diagnostics GmbH, Mannheim, Germanihe test strips for the alkaline
phosphatase were ReflotforAlkal. Phosphatase (Roche Diagnostics GmbH, Mainmhe

Germany).
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2.3.8 Measurement of insulin—like growth faor (IGF-1)

The hormone IGF-1 was determined by enzyme tinkemunosorbent assay (ELISA)
using a Mouse IGF-I kit (QuantikifieMouse IGF-I, R&D SystemsEurope) according
to manufacturer instructions. The kit also recoggsisat IGF-1 which shares 99% amino
acid sequence identity with mouse IGF-1. Accordioghe manufacturers, the kit has
been validated for the determination of rat IGFAIl the reagents and plates were
supplied in the kit. The assay employed the quatité sandwich enzyme immunoassay
technique. Fundamentally the method utilised a mlmmal antibody specific for rat IGF-
1 which was pre-coated into 96 well polystyrene roptates. Standards, controls and
samples were pipetted into the 8 wells coated witimoclonal antibody specific for
mouse IGF-1 present that could bind by the immpaiion of the antibody. After
washing away any unbound substances with buffer,eanyme-linked polyclonal
antibody against rat IGF-1, conjugated to horsetageroxidase, with preservatives, was
added to the wells. Following a wash with buffencentrate to remove any unbound
antibody-enzyme reagent, a substrate solution @dsdto the wells. The intensity of the
colour measured was in proportion to the amounabiGF-1 bound in the initial step.
The sample values were then read on a plate readehine (Multiskan Ascent, Lab
system, modeh® 354, Helsinki, Finland) at 450nm with a secondrection wavelength
measurement at 540nm. A standard curve was cotesfrand the concentrations of the
IGF-1 in the samples was determined with referetocthe standard curve. According to

the manufacturers, the kit has a mean minimum tiikcdose of 3.5 pg. il
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2.3.9 Morphometry and morphology of abdominal viscea

After anaesthesia, the abdomen and thorax wereedpaarefully and all viscera removed
and weighed. The intestines were gently stretchetd am a board for gross and
macroscopic measurements. Lengths of emptied langg small intestines were
determined and the mass of the accessory and abdborgans were evaluated. After
weighing the livers, they were frozen at *€0for later analysis of lipid content and

glycogen.

During dissection, samples of the intestine, lisagcum and thymus were collected for
histological evaluation. Sections of the small stitee (from the proximal and distal
halves), 1cm long were collected together with isast of the liver and thymus and
preserved in 10% phosphate buffered formalin ard #mbedded in paraffin. They were
then sectioned and stained with haematoxylin ansineoThe stained histological

specimen was covered with a glass cover slip.

Morphometric parameters, in both the proximal aistiatl small intestine, in well-oriented
cross-sections, villus heights and crypt depthtiiersmall intestine, were measuned a
light microscope using an eye piece micrometer dfREi®, Austria). Similarly,
measurements of the caecum were made. An assesshmaontphometry of the thymus
was also done under light microscopy. The microsdugd a camera mounted linked to a
computer which ran a program for image capturing assessment (motic images plus

2.0ML, Software, China group Co. Ltd, China).
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2.3.10 Determination of liver lipid content

Standard procedures were used for lipid extradigligh and Dyer, 1959). In summary,
1-2g of liver samples was mixed in 100 ml of chforsm — methanol mixture (2:1) and
left to extract overnight at°€. The samples were then filtered through filtepgra

(Albert®, Pore 7-11 , Size 185 mm) and 30 ml 0.9#ne added, mixed, and allowed to

stand overnight at°€ to allow separation into two phases.

The bottom (chloroform) phase was collected andiced to dryness under vacuum at
37°C using a water bath (Labex®, vervaardigdeur, Krsgerp, Transvaal, South Africa)
and then made up to 20 ml with chloroform. An atifjef 2ml of the extracts were
placed in dried, pre-weighed vials, and re-drie8@&C for 30 minutes, cooled and then
reweighed to determine the lipid content. The bveere also dried and their dry matter

content determined.

2.3.11 Determination of liver glycogen storage

The glycogen content of the liver was determineatirectly by acid hydrolysis to glucose

as described by Passoneau and Lauderdale (197dflyB0.1g of the liver was placed in

1ml of 0.03M hydrochloric acid and homogenised wath ultra turrex homogeniser for

20 seconds. To hydrolyse the glycogen, 1ml of 1Mrbghloric acid was added, liver

samples of suckling rats were sealed and placedbioiling water bath for 2 hours. One
ml of 1M sodium hydroxide was then added to neisteathe samples before glucose

determination. Glucose concentration of the hydedeywas determined with a glucose
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(glucose oxidase) assay kit (Sigma catalogue, GABYand a spectrophotometer (LKB
Ultrospec Il, LKB Biochrom Ltd., England). The ghygen was expressed as glucose

equivalents.

2.3.12 Femur and tibial lengths and masses

The right femoral head was removed gently from @gbetabulum at the hip joint, the
muscles and soft tissues were removed from thedfiiea and femur) and the length of
the bones was measured with a ruler. The bonestiwenedried in an oven (Salvis ®) at

40°C for 7 days (until constant mass) and then weigbetetermine their dry mass.

2.3.13 Statistical analysis

All data are expressed as mean = SD. A one wayysisabf variance (ANOVA) was
used to assess the effectsAlbe veraextracts on the parameters measured between
groups followed by a Bonferroni test. The levelsaginificance was set at p < 0.05. All
the statistical analysis were performed using GrBpd Prism version 5.0 (Graph Pad

software, San Diego, C.A).
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Chapter 3 - Results
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3.1 Mortality and morbidity of the animals
During the study all of the animals remained hgafihd consequently no incidental or

iatrogenic rat mortalities were recorded.

3.2 The effect ofAloe vera extracts on body mass

Figure 1 shows the body mass gain of the suckkg after administration of th&loe
vera extracts. There was no significant differenceha initial mass of the suckling rats
after allocation to different groups (Tablel). Af& days on the various treatments, all
groups body mass increased significantly (Tablevith the greatest percentage body
mass gain noted in the groups given the high dokéise aqueous (AqL) and alcohol

(AlcL) Aloe veraextracts (Figure 1).

3.3 Visceral organ mass and histology

A significant increase was observeg & 0.05, ANOVA) in the absolute mass of the
caecum and thymus of suckling rats fed with higeedoof the alcohol and the aqueous
extracts ofAloe vera (Table 1) and (Figure 2) compared to the conmgroup which
received normal saline. When considering individualll of the other organs as a
percentage of body mass (relative to body massejetivere no significant differences
observed (p > 0.05, ANOVA) between the groups, hawvdhe relative mass of the
caecum was increased. The increase in caecal roas lee attributed to an increased
thickness of muscularis, submucosa and mucosaslgyable 5) and (Figure 6).
Supplementation witl\loe veraextracts had no significant effect on the smakstinal
villus height and crypt depth (p > 0.05, ANOVA) @lea 4).

Microscopic examination did not reveay &evere histopathology of the liver (Figure 9).
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3.4 The effect oAloe vera extracts on the tibia and femur length and mass

There was no significant difference in linear growtf the femur amongst the different
treatment groups (p > 0.05). Although the rats ¥éth a high dose of the aqueous
extracts had significantly (p < 0.05) longer tibidgan the controls, there was no
difference observed in the tibial masses or desssiof the bones from the different

treatment groups. The bone density was calculaged)uhe following formula:

Bone densitymg.mni') = Mass of the bone (mg) / length of the bone (mm)

3.5 The effects ofAloe vera extracts on liver lipid content and glycogen

Hepatic content of lipids (Figure 3) and glycog€&ing(re 4) was significantly increased
in the suckling rats given the high dose of theeayis extracts dhloe vera(p < 0.001).
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Effect of Aloe vera extracts on body mass gain
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from figure 1 show that the high doses of tiee veraextracts significantly increased

the body mass gain (expressed as a percentage witial mass) of suckling rats after 8
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Table 1 Effect of Aloe vera extracts on the body mass, the absolute (g) andlaéve
mass (%obody mass) of viscera and, length (cm) of viscerd suckling rats.

Ctl AqL AgqH AlcL AlcH

(n=11) (n=12) (n=12) (n=12) (n=12)
Initial BM(Q) 16 £ 1.50 16.33+1.19 16.+ 1.51 14.63 £ 1.77 16.33+1.9
End BM(g) 30.09+2.30 30.75 £ 2.67 B7+73.71* 31.21 +3.11 40.25 £1.97*
S.I (cm) 502.50 +57.01 526.67 + 60.55 5420(28.82 513.33 £23.38 517.50 + 36.96
Absolute S.I (g) 0.03 £ 0.00 0.03+0.00 0.03+0.00 0.03 £ 0.00 0.03 £ 0.00
Relative S.1 (%) 0.09 +0.00 0.09+£0.00 0.07+0.00 0.09 +0.00 0.07 £ 0.00
L.I (cm) 7 4.67 +6.87 73.57 = 8.52 766713.29 75.71+11.70 75.00 +10.22
Absolute L.I (g) 0.14 + 0.06 0.12+0.02 0.13+0.03 0.11 +0.04 0.12+0.03
Relative L.l (%)  0.46 £ 0.09 0.39 £ 0.05 0.34 £ 0.06 0.35 £ 0.07 0.29 £ 0.05
Caecum (Q) 0.07 £0.01 0.08 £ 0.03 0.1ma6*** 0.08 £ 0.03 0.96 + 0.08***
Liver (@) 0.87 £0.13 0.87 £0.11 1.20380 0.99 +0.10 1.27+ 0.22
Liver (%) 2.91+0.52 2.83+0.33 3.25.683 3.16 £0.24 3.15+0.51
Stomach (g) 0.21 £ 0.06 0.22 £ 0.06 0.2244 0.19 £ 0.03 0.21+0.04
Stomach (%) 0.69 £0.17 0.70+0.18 0.5212 0.61+0.12 0.53 +£0.09
Spleen (g) 0.15+0.03 0.17 £0.03 0.18G8 0.16 £ 0.02 0.16 £ 0.03
Spleen % BM 0.51+0.12 0.54 +0.12 0.4809 0.51 +0.08 0.40+0.08

KEY : BM= body mass; LI= large intestine; SI= smallesitine; cm= centimetre; g= gram; Ctl=
Control group of rats; AgL= low dose (50mg. %gaqueous extract group; AqH= high dose
(500mg. k') aqueous extract group; AlcL= low dose (50mgHkalcohol extract group; AlcH=
high dose (500mg. Kg alcohol extract group.
difference (*p<0.05 and ***p<0.001). The restuilisthis table indicate that the rats fed the higises
of the extracts had a significant body mass gathteavier caeca than the rats in the other groups.

Data in the same row dat# significant
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Effect of Aloe vera extracts on the relative mass of thymus
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group. The results from figure 2 show that afteta§s of treatment the relative mass

(mean = SD) of the thymus (expressed as a perceiady mass) of the rats given

the high doses of th&loe veraextracts was significantly greater than that ¢ fa

the other groups (***p < 0.001 AgH (2.51+0.95),

Ctl(0.4920.62+), AqL(0.5520.80) and AlcL(0.48+0.J1p

ME 2.48+1.07) vs.

12 per group except Citl

=11.

where n
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Table 2: Effect of Aloe vera on the absolute and relative length and mass of értibias

and femurs of the rats

Ctl AqgL AgH AlcL AlcH
(n=11) (n=12) (n=12) (n=12) (n=12)
Tibia
Length (mm) 15.00£0.89 15.66+1.07 1891 +£1.31** 16.75+0.96 16.75%1.05
Mass (mg) 4.10+0.07 4.20£0.07 4.60x0.06 4.20+0.09 4.20£0.06

Density (mg.mril) 0.27 + 0.78 0.26+0.06 0.20+0.04  0.25+0.09 0.25+0.05

Femur
Length (mm) 12.09+ 0.94 12.25+ 0.86 13.5+ 0.52 12.33+ 0.65 12.91 +0.79
Mass (mg) 430+ 0.10 4.20+0.50 4.00+0.10 420+0.70 4.00+0.60

Density (mg.mril) 0.35+ 0.10 0.34 £0.05 0.20+0.19  0.34+0.10 0.30 +0.07

T

Key: Ctl=Control group of rats; AqL= low dos&Qmg. kg') aqueous extract group;
AgH= high dose 500mg. kg) aqueous extract group; AlcL= low dosdig. kg')
alcohol extract group; AlcH= high doss00mg. kg) alcohol extract group. The
results in this table indicate that the rats adsténed with the high dose of aqueous
extracts for 8 days had significantly longer tib{as p < 0.001) compared to the

control group Data are expressas$ mean + SD.
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Effect of Aloe vera extracts on the hepatic lipid content of the of
the suckling rats
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Treatment Group

Figure 3. Key: Ctl=Control group of rats; AqL= low dos&Qmg. kg') agqueous
extract group; AgqH= high dos&q0mg. kg') aqueous extract group; AlcL= low dose
(50mg. kg") alcohol extract group; AlcH= high doss0o0mg. kg) alcohol extract
group. The results in this figure show that the edministered the high doses of the
extracts had significantly greater hepatic lipielgl (% liver mass) on a dry matter
basis (mean + SD). **p < 0.001 AgH (7.8 +1.2%) at th other groups, ie AlcL

(3.7£1.0), AqL (2.8+0.9), Ctl (4.0+1.2). n= 12 pgoup except Ctl where n= 11.
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Effect of Aloe vera extracts on the glycogen content of livers

from suckling rat
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Figure 4. Key: Ctl=Control group of rats; AqL

low dose

high dosepmg. kg") alcohol extract

high dos&qomg. kg') aqueous extract group; AlcL

extract group; AgH

(50mg. kg") alcohol extract group; AlcH

group. The results in figure 4 show that afteragsd of feeding suckling rats with

Aloe veraextracts the liver glycogen storage expressefdua®se equivalents in

mmol.I"of liver homogenate (mean + SD) was significantigreased ( *p < 0.05) in
the AqH (3.310.5) vs Ctl (1.840.4), AqL (2.4+0.8)lcL(1.8+£0.4) and AlcH(2.20.5).

=11.

12 per group except Ctl where n

all groups. n
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Table 3 Effect of Aloe vera extracts on non fasting blood concentrations of
glucose, Triglycerides, ALT, ALP and IGF-1.

Ctl AgL AgH AlcL AlcH

(n=11) (n=12) (n=12) (n=12) (n=12)

NF Glucose (mmol}) 4.27+1.16 593+0.79 598+049 528+150 5.98+0.50

NF TG (mmol.I%) 427+116 3.68+0.52 3.79+1.27 432+1.03 4.36+1.65
Mouse IGF-I 1405 + 40 1414 £25 1186 +34 103.3+13 1.85+ 44
equivalent (Pg.rfﬂ)

ALT (U. 1) 95 + 58 11.9+6.9 10.7+8.1 119+79 318.55
ALP (U. I'l) 357 +16 355 +64 432 +13 413 +12 474 + 14***

Key: Ctl=Control group of rats; AqL= low dose (50mg.§gaqueous extract group;
AgH= high dose (500mg. K aqueous extract group; AlcL= low dose (50mg:kg
alcohol extract group; AlcH= high dose (500mg:‘kgalcohol extract group, NF TG=
Non fasting triglycerides; IGF-1= insulin- like guth factor-1; ALT= alanine-amino-
transaminase; ALP= alkaline phosphatase. Dataxanessed as mean + SD.

The results in table 3 indicate that the after §sdaf feeding suckling rats aloe vera
extracts, the rats exposed to the high dose haxfisantly higher (*** p < 0.001) ALP
levels than the other groups. The metabolic sutestrdiver enzymes and the hormone

IGF-I were not significantly different between thiéferent groups of rats.
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Table 4 Effect of 2 different doses of Aqueous and Alcohaxtracts of Aloe vera
on the microscopic measurements of small intestined suckling rats (mean *

SD)

Group Villus Height (um Crypt Depth (pm) VH i
p ght (um) Crypt Depth (um) éDratlo

Ctl 40.06 +2.25 9.38 +0.83 4.27.312
AgL 37.62 +6.36 8.43 £0.90 4.46 H&
AqH 39.69 +1.34 9.88 + 0.66 4.01.62
AlcL 40.00 + 0.54 8.75 +0.74 4.5D%2
AlcH 38.81 +3.10 9.13 +0.75 4.2943

Key: Ctl=Control group of rats; AqL= low dose (50mg. igaqueous extract group;
AgH= high dose (500mg. K aqueous extract group; AlcL= low dose (50mgkg
alcohol extract group; AlcH= high dose (500mg:‘kalcohol extract group; VH=
villus height; CD= crypt depthH/CD. n= 8 per group. The results in table 4 indicate
that the mophometry of the small intestinal vilhdacrypts was not significantly

affected after 8 days of feediddoe veraextracts.
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Table 5. Effect of Aloe vera extracts on the morphometry of the caecum of

suckling rats (mean + SD)

Ctl AgL AgH AlcL AlcH
Serosa 14+0.21 2.04 +0.43 sS@as* 1.58+0.23 2.06: 0.20
Muscularis  8.26 + 0.65 8.26 +0.81 635.7.19** 8.06 + 1.07 20.76t 0.81*
Submucosa 8.48 +0.87 13.5+4.02 9.8 +6.61 12.82 + 3.6 12+ 3.23
+Mucosa
Epithelium 2.80+£0.52 3.62+048 3.76 +0.51 3.96 +0.40 3.59 £90.2
Total thickness 20.94 £2.25 30.72 +5.74 67.16 £15.14*** 30.42 £5.30 41.93 +4.49***

Key: Ctl=Control group of rats; AqL= low dose (50mg.jqaqueous extract group; AgH= high
dose (500mg. K aqueous extract group; AlcL= low dose (50mg)kglcohol extract group;
AlcH= high dose (500mg. k§j alcohol extract group. Data in the same row vdifferent
superscripts indicate significant difference (**40.001, **p< 0.01, *p< 0.05) between control
group and treatments groups. n= 8 per group. Tédtsein table 5 indicate that the rats exposed
to high doses of th@loe veraextracts had an increased thickness of the caecalinwith the
significant increases being in the Muscularis (othbthe AlcH and AqH groups) and serosal

layer (only AlcH group).
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Histology of the caecun (low magnification)

- . .
Jdlaris interna & exteri
sliur

Figure 5a Key: A= Contro group of rats; B = low dose (50mg. Rcaqueous extract

group; C=high dose (50mg. kg") aqueous extract group; Dew dose (50mg. k%)
alcohol extracgroup; E= AlcH: high dose (500mg. K{j alcoholextrac group. This
figure is a dpital photograp of Hematoxylin and eosin stained sectic(40X
magnification) of the caecunof suckling rats (14 days oldbllowing the various
treatmentsThe thickened muscularis and serosal layers aileotn the ats on the

high doses of the extracts. TBar = 20 um.
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Histology of the aecun (high magnification)

Figure 5b. Key: A= Contro group of rats; B = low dose (50mg. Rgaqueous extract
group; C=high dose (50mg. kg") aqueous extract group; Dew dose (50mg. k%)
alcohol extracgroup; E= AlcH: high dose (500mg. kg alcchol extrac group. This
figure is a high magnificationigital photographof Hematoxylin and eosin stain
sections (40X magnification) of the caecum of sunckrats (14 days old) following tt
various treatments. The thickened muscularis anasaklayers are notable in the r

on the high doses of the eacts.
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Histology of the thymus: low magnificatior

Figure 6a. Key: Key: A= Control group of rats; B = low do§60mg. k(%) aqueous
extract group; C=high dose (50mg. kg') aqueous extraagroup; D=low dose
(50mg. kg') alcohol extrac group; E= AlcH= high dose (500mg. Kgalcohol extract
group. This figure is aigital photograplof Hematoxylin and eosin stained secti
(40X magnification) of the thymus of suckling rats4 days old) following th
various treatmentsThe reduction in the size of the cortex is notaiplethe rats
administered th&loe ver: extracts (B-E) compared to the comiih).

— Bar =100 pm
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Histology of the thymus: high magnificatior

Figure 6b. Key: A= Contro group of rats; B = low dose (50mg. Rcaqueous extract
group; C=high dose (50mg. kg") aqueous extract group; Dew dose (50mg. k%)
alcohol extracgroup; E= AlcH:- high dose (500mg. kg alcchol extrac group. This
figure is a dbital photograp of Hematoxylin and eosin stained sections (4
magnification) of the thymus suckling rats (14 dayd) following the variou:
treatmentsThe arrows(solid ) show the significant increase in cell sin the rats
administerediloe veri compared to control, and the presencelassall’'s corpuscs

in the rats administered high dose of the extractshigharrow.
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Histology of the liver

DS

5
7
GC

Figure 7. Key: Key: A= Control group of rats; B = low dog60mg. k¢*) aqueous

extract group; C=high dose (50mg. kg') aqueous extraagroup; D=low dose
(50mg. kg') alcohol extrac group; E= AlcH= high dose (500mg. Kgalcohol extract
group. This figure is aigital photographof Hematoxylin and eosin stained secti
(400X magnification) of liver sections from sucldimats (14 days old) following

days of the various treatmentshe presence ohepatocytes with clear ce

membranes and kEwged nucle granular cytoplasm—+«{GC) anddilatec sinusoids

(-DS)is notable in the rats exposed to aloe vera
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Chapter 4 —Discussion
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This study investigated the effectsAdbe veraextracts administered for 8 days orally as
a dietary supplement to suckling rats. It was fothett Aloe veraextracts had an effect
on the growth performance (as measured by body mass and tibial length), the

caecum and the thymus of the rats.

These results showed that orogastrically admiradt@toe veraextracts for a period of 8
days, had a strong growth promoting effect in sagktats. Heidiet al., 1984 found that
the rate of growth and development of rat pups bangreatly altered by varying

supplements administered to them during the sugldariod.

The tibial length has been used in a number ofistuds a more accurate indicator of
linear growth instead of the body mass which mayirffiienced by various factors
including food intake and hydration status thus imglbody mass a less reliable measure

(Eshetet al.,2004).

The increased tibial length could be as a resu#troincrease in metaphyseal bone tissue
and mineralization (Chet al, 2001). An increase in bone mineralisation shdwge
resulted in an increased bone density of the tilba@aa the rats exposed to the high doses
of Aloe veraextracts; however | found that the tibial mass wassignificantly affected

by the exposure tAloe veraextracts.

To further explore the growth effects the plasma wasayed for the hormone IGF-1
which plays an important role in the regulationbohe homeostasis throughout life and
mediates most of the effects of growth hormonelaesal metabolism (Baronceét al,

2003). The results did not reveal any significaffecence between the groups. Thus the

mechanisms underlying the increased growth perfocamaf the rats exposed to tAme
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veraneed to be explored further, by microscopic exaim of the bone growth plates

and assay of other growth promoting hormones.

The GIT of neonates is relatively immature andl stdquires morphological and
functional changes. In the neonatal period, pupge ha adapt to the new stressful
environments and subsequently have to face thsiti@m from a milk diet to solid feed
diet at weaning. During this time, the GIT and skall systems among others, undergo
changes that are induced by a number of factorg{{i8a et al, 2007). Among them,
nutrients play a crucial role in the development adaptation of the GIT which
determines its proper functioning (Luckeyal., 1954). At weaning, the GIT function is
often disturbed and diarrhoea develops thus causoay weight losses and in some
cases the pups die hence the intestinal requirenagra cellular demands for metabolic
energy supply increases during this period. Thiestime undergoes an array of
adaptative changes during post natal developmerthw similar to other organs. In the
intestinal mucosa, these changes occur in strigctoedated to the exchange and
absorption processes such as villi, crypts, enygescand microvilli. Assessment of
morphological changes can be used in the diagnasd assessment of intestinal

pathology (Weser and Tawil 1976, Isuketaal, 1992).

In this study, it has also been found that no $icgmt changes occurred in the gross
morphometry of the small and large intestines othan the caecum. Histologically, the
intestinal morphology appeared to be normal withewadence of pathophysiological
changes. The villus length was not different betwesis which received th&loe vera
treatment, compared to the control group. Due ¢oréipid turnover of epithelial cells in

the GIT, dietary manipulations rapidly manifestmorphological changes (Pacha,2000),
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thus the effects ohloe veraon the small intestine if any should have beerblas| did
not however test the function of the intestine ems of its absorptive and secretory
capacity. So although there was no effect on thephwogy, the function of the GIT
could have been affected. Future studies shouldialgstigate the effects éfloe vera
on apoptosis in the GIT. Intestinal maturation h& been related to either bacterial
flora or the presence of food antigens and it mayfddlowed by a period of immune-
suppression leading to a final stabilization ofl galoduction at adult levels (Pacha,

2000).

The caecum mass was significantly increased inr#te exposed td\loe vera the
increase in mass was as a result of hypertrophat hgperplastic changes in the various
layers of the caecal wall. Erlwanger and Coope®820in a study in which suckling rats
were administered extracts from the African potatgpoxis hemerocallidgaalso found
an increased caecal mass as the only morphologfizaige in the GIT of the suckling
pups. Dietary manipulation as well as the presa&faesmotically active or fermentable
substances that are not absorbed from the smabtine may affect the GIT flora and
influence caecum weight (Baltrop and Brueton, 1990) increase in caecal volume
could be also have been due to the presence of leengarbohydrates in the Aloe
extracts resulting in the development of the fiatach affects the production of volatile
fatty acids and pH and improved divalent catioredtiility in rats (Reddy, 1971). The
role of growth factors in cell proliferation andaell migration (Podolsky, 1993; Dignass
and Lynch-Devaney, 1995) should not be excludedrasxplanation for the increased

caecal mass.
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The liver is the primary site of detoxification ofany substances in the body and the
major site of intense metabolism, and is therefprene to various disorders as a
consequence of exposure to toxins of extrinsic el & intrinsic origin (Gaskilét al,
2004). In the liver, ALT and ALP are enzymes thaljphto metabolize proteins. When the
liver is damaged, ALT and ALP are increased andastd into the bloodstream. There
was no significant difference in the circulatingncentrations of ALT in the different
group of rats, suggesting an absence of liver damBgevious studies have suggested
that Aloe-emodin could be responsible for the heabtection in rats as shown by
reduction in the elevation of ALT in rats exposexd @modin (Wooet al, 2002).
However, the ALP levels were significantly elevatedhe rats exposed to the high dose
of alcohol extracts oRloe vera ALP elevations are usually associated with biletd
damage/bile stasis. The decreased sinusoids irathexposed to the high doseAdbe

veraextracts could have resulted in bile stasis.

ALP is a non hepatic specific enzyme also reledsma bone following pathology or
excessive remodelling as during rapid growth. ldugewing rats, and the rats given the
high dose of alcohol extracted extracts showedgtieatest bone growth, which could
help explain the high ALP levels in their blood.eTALP activity in rat serum is well
known to be higher than other mammalian species,tarbe further increased after fat
feeding (lwaoet al, 1987). Most of the serum ALP in adult rats oraes from the
duodenal mucosa which appears to contain two istf@f the enzyme (Koyanet al,
1987). The ALP in the plasma can also be elevayeth® introduction of milk feeding

which has been shown to induce activity of a speedoenzyme (Dziedziejket al,
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2005). Due to unavailability of equipment, it waswnpossible to identify the specific

isoenzyme(s) of ALP in the rat blood that was asday

The increase in mass of the thymus may reflectaitirig been stimulateddloe vera
extracts reportedly have beneficial effects intmagement of HIV&AIDS where they
serve as an immune booster for those who are urablafford the anti-retroviral
medication (Kimet al, 2007). This is attributed to anti-viral and imnoamodulating
properties of acemannan (mucopolysaccharides) wiagle direct effects on cells of the
immune system, activating and stimulating macropeagnonocytes, antibodies and T-
cells. Acemannan acts as a bridge between foraigteips, such as virus particles, and

macrophages and facilitates phagocytosis (Andefs288).

The thymus can also atrophy during conditions dfitional stress. Pallaret al (2001)
regarded the thymus as an “early critical barometerutrition” and reported the effects
of different degrees of malnutrition on the thymmfhatic organs. Dourov (1986) was
the first to describe the severe atrophy of thenily seen at autopsies of children who
had died of Kwashiorkor and noted the replaceménbanmal tissue by interlobular and
perilobular connective tissues infiltrated withderlipid cells. The lack of protein or
calories seem to be essential in this pathogendR&ts that consume legumes as their
only source of protein have also been shown toldpvatrophy of the lymphoid organs
(thymus and spleen) with altered histology, deadasrgan weight, fewer rosette-
forming cells and splenic lymphocyte responses itogens (Huismamt al, 1990; Toro

et al, 2004). In my study the thymus was increased assnn rats exposed &doe vera

and in high doses the increased presence of Hassalpuscles was observed. Hassall's
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corpuscles are lymphocytes that may be interpraedan expression of a changing

thymic growth pattern in confined spaces and seehave little immunological function.

The liver also plays an important role in metabuli® maintain energy levels (Aitket

al., 2001). The blood concentration of glucose innguats is maintained fairly at a
fairly constant level from 2 to 20 days after hirithis is probably due to the difference in
floral colonization of the gut between the 18-d&y-suckling rat, whose diet is
predominatly milk and different to the adults whatiet contains both milk and solid
high-carbohydrate rat diet (Innis, 1985). The gkectevel in non fasting blood after 8
days of treatment withAloe veraextracts did not show any significant differences
between the groups. This may be the evidencelik#loe veraextracts did not alter the
endocrine pancreatic function, which has an indirefiluence on the blood glucose

levels.

It has been shown that the amount of free fattgsataken up by the liver of rats (Pet

al., 1987) is directly proportional to the concentmatof free fatty acids in the plasma.
Fatty acids will accumulate unless compensatoryegses in rates of outputs of fatty
acids in plasma lipoprotein or rates of oxidatiorCtO, and ketone bodies occ(Erol et

al., 2003). Fatty liver is a metabolic disorder tloaturs when the rate of fatty acid
uptake and esterification exceeds the rate of fattgt depletion either through oxidation
or export as triglyceride within very low densiipdproteins. The rats exposed to the

high dose of alcohoAloe veraextracts showed the greatest accumulation ofdipidthe
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liver, however the lipids were not profiled so theetabolic processes underlying the

increased accumulation could not be fully asceethin

The results of this study on suckling rats concithviindings from other studies which
revealed the beneficial effects Afoe veraextracts administration over a short period of
time. There is however a need to explore further rttechanisms of improved growth
performance, the significance of the increased tilsymass and the changes in caecal

morphology noted as a result of exposure of th&lsigcrats to theAloe veraextracts.
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Chapter 5 — Conclusion and

recommendations
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Conclusion and recommendations

Herbal medicines are widely used in almost all@scof the population. This study
has shown thaAloe veraextracts administered orally to suckling rats bagositive
effect on the body mass, caecum and bones. The#évpceffects could be useful in
preventing weight loss during the weaning periodpaps and bone disturbances
during the development of fast growing animals. present study’s findings confirm

thatAloe veraextracts could have a beneficial effect at leashé short term.

Further studies should be undertaken for a longaog of time in order to determine
the reversibility and functional significance oethignificant findings observed in the

rats.

The increased growth of the animals exposed toAlloe veraextracts should be
explored further, by assaying for other growth potimg hormones and microscopic
examination of the growth plates. The degree ofebomneralization and density

should also be evaluated using DEXA-scans.

The increased body mass gain observed in the ikegs §loe veracould be exploited

commercially in animal production to improve growthfarm animals. This study

involved the use of crude extracts, future studlesuld be undertaken to identify the
specific chemical components ohloe vera which produced the significant
differences such as caecal and thymic enlargenremtre studies should also make
use of sugar solutions with mineral and vitamingdements as a control solution to
match the nutritional composition of plant extrasts that any differences can be

attributed to the phytochemicals in the extractsrlddl medicines although being
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widely used, should be used cautiously and afterotigh scientific interrogation of

their active constituents as they can contain halrodmpounds and metabolites.
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