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ABSTRACT

Aspartame is a dipeptide sweetener that can be found in most of the sugar-free products
available on the market today. The FDA approved the use of aspartame, but ever since the
safety of the consumption of aspartame has been questioned. Thus the aim of this thesis was
to determine the effects of aspartame ingestion on the blood coagulation system and the blood

filtering organs (liver and kidneys) of the rabbit.

The protocol for obtaining blood from a rabbit as well as successful administration of aspartame
was perfected. The rabbit was proven as best experimental model, when compared to a
mouse, for studying the effects of aspartame on coagulation and haemostasis. The effects of
aspartame were determined by: 1.) measuring the factors from the different coagulation
pathways, namely the common pathway (factors Il, V, X and fibrinogen); factors in the intrinsic
pathway (factors VIII, 1X), as well as factor VII, found in the extrinsic pathway. The prothrombin
time (PT; measures how long blood takes to form a clot) and activated partial thromboplastin
time (aPTT; measures recalcification time of plasma) was also measured; 2.) The ultrastructure
of the fibrin networks, platelet morphology and endothelial lining were studied; 3.) The

histological morphology of the leukocytes, liver and kidney were examined.

Results obtained indicated that F VII, X and VIIl were decreased with a prolonged prothrombin
time. The concentration of circulating fibrinogen increased significantly, which corroborated with
results obtained for the ultrastructure of the fibrin networks. The degree of fibrin fibre formation
increased the higher the concentration of aspartame and the degree of platelet aggregation
occurring, decreased with the increase of aspartame concentration. It is hypothesized that the
amount of circulating serotonin decreased. The endothelial lining of the rabbits were damaged
with the nuclei appearing apoptotic. The endothelial lining and their tight junctions play an
integral part in the functioning of the BBB, in synchronization with cAMP (complexity of tight
junctions, decreased due to decreased amount of serotonin), thus it appeared as though the
BBB was compromised. The morphology of the leukocytes were altered, specifically that of the
eosinophils and heterophils. The granules inside the eosinophils of the aspartame treated
rabbit appeared to have increased and were more clearly visible, while the granules in the

heterophils appeared to have decreased. The total number of leukocytes also decreased. The
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normal histological morphology of both the liver and kidney were affected by aspartame.
Damage to the hepatocytes and their subsequent arrangement were noted. The visceral layer
of the capsule of Bowman appeared thickened and the cuboidal epithelium lining the proximal

convoluted tubule was also damaged.

The final judgment and conclusion of the results obtained in this thesis regarding the
consumption of abuse doses of aspartame, was that aspartame could lead to bleeding disorders
(especially in genetically predisposed individuals), suppressed immunity and a compromised
BBB. Trouble can occur with formation of the glomerular filtrate and absorption of fluid from the
proximal convoluted tubule, which could result in high blood pressure and an increased

probability of dehydration respectively.
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Label B = minor, thinner fibres
Figure 4.2b: Rabbit platelet aggregate showing globular, pseudopodia-like morphology

Figure 4.3a: Mouse fibrin with fine major and minor fibres and areas of mat-like coverage. Label
A = major, thicker fibres; Label B = minor, thinner fibres. Label C inside block = mat-like fibre

formation
Figure 4.3b: Mouse platelet aggregate showing globular, pseudopodia-like morphology

Figure 6.1a: Rabbit fibrin networks with major and minor fibres. Label A — major, thicker fibres;

Label B — minor, thinner fibres (x7 000 magnification)

Figure 6.1b: Higher magnification of the fibrin network of the control rabbit, illustrating major
fibers (Label A) and minor fibers (Label B) (x10 000 magnification)

Figure 6.2: Rabbit platelet aggregate illustrating globular, pseudopodia-like morphology
(x10 000 magnification)
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Figure 6.3: Rabbit fibrin network treated with 34mg/kg aspartame. Label A = maijor fibers still
very prominent. Circles = minor fibers have a mat-like formation, visible throughout the picture
(x10 000 magnification)

Figure 6.4: Platelet aggregate of a rabbit exposed to the 34mg/kg aspartame. Platelet
aggregate more granular appearance, but globular pseudopodia-like morphology still present.
(x10 000 magnification)

Figure 6.5: Rabbit fibrin network after treatment with 100mg/kg aspartame. Major fibers (Label
A) and minor fibers (Label B) can be distinguished. Minor fibers form mat-like formation (x10
000 magnification)

Figure 6.6: Platelet aggregate of a rabbit treated with 100mg/kg aspartame. Platelet aggregate
show globular, pseudopodia-like morphology with disheveled membranes (x10 000
magnification)

Figure 6.7: Rabbit fibrin network after treatment with 150mg/kg aspartame. Label A = major
fibres; Label B inside block = minor fibres forming dense mat-like coverage over major fibres
(x10 000 magnification)

Figure 6.8: Platelet aggregate of a rabbit treated with 150mg/kg aspartame (x10 000
magnification)

Figure 7.4: Lymphocytes of a of a control rabbit (marked with circles) (Label a) compared to the
lymphocyte of a rabbit treated with aspartame (Label b)

Figure 7.2: Comparison between the monocytes of the control rabbit (marked with a solid
circle; Label a) and the aspartame treated rabbits (Label b)

Figure 7.3: Comparison between the basophils of the control rabbit (Label a) and the
aspartame treated rabbits (Label b)

Figure 7.4: Comparison between the eosinophils of the control rabbit (inside the circle; Label a)
and the rabbits after treatment with aspartame (Label b)

Figure 7.5: Comparison between the heterophils of the control rabbit (Label a) and those of the
rabbits after treatment with aspartame (Label b)

Figure 7.6a: Endothelial lining of the control rabbit. White arrows indicate some of the many
microvilli of the aorta (x650 magnification)

Figure 7.6b: Endothelial lining of the control rabbit (xX500 magnification)

Figure 7.7: Smooth surface of the endothelial lining of a control rabbit. Circle indicate small
microvilli of the aorta (x 3 500 magnification)

Figure 7.8: Endothelial lining of a rabbit after treatment with aspartame (x550 magnification)
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Figure 7.9a: Endothelial lining of a rabbit after treatment with aspartame. Note the damage to
the microvilli indicated by the circle (x3 500 magnification)

Figure 7.9b: Endothelial lining of a rabbit treated with aspartame. Arrows indicate filament
fibers of the cytoskeleton. Note how contents of cell were spilling to outwards (x3 500
magnification)

Figure 7.20: Endothelial lining of a different rabbit after treatment with aspartame (x 550
magnification)

Figure 7.11 Endothelial lining of a rabbit after treatment with aspartame. The white arrows
indicate the filament fibers of the cytoskeleton (x3 500 magnification)

Figure 7.12a: lllustration of the nucleus of an endothelial cell of a control rabbit. Note the clear
nuclear envelope (arrow) and the even distribution of the chromatin throughout the nucleus
(white arrow) (x7 500 magnification)

Figure 7.12b: lllustration of the nucleus of an endothelial cell of a control rabbit. Note the clear
nuclear envelope (arrow), the nucleolus (white arrow) and the tight junction present between 2
adjacent endothelial cells (dashed arrow) (x7 500 magnification)

Figure 7.13: The chromatin of an endothelial cell of a control rabbit. Note the clear nuclear
envelope (arrow) and the even distribution of the chromatin (x59 000 magnification)

Figure 7.14a: lllustration of the nucleus of an endothelial cell of a rabbit after treatment with
aspartame. Note the fact that the nuclear envelope is visible on some areas (arrow), and
absent in other (dashed arrow). The chromatin visibly underwent nuclear envelope
marginalization (white arrows) (x7 500 magnification)

Figure 7.14b: lllustration of the nucleus of an endothelial cell of a rabbit after treatment with
aspartame. Note the nuclear envelope marginalization of the chromatin (white arrows), with
nuclear envelope being visible in some areas (arrow) and absent in other areas (dashed arrow).
Also it appears as though some of the chromatin was spilling from the nucleus into the
cytoplasm (dashed arrow). Cellular membrane damage was also visible (circle) (x7 500
magnification)

Figure 7.15: The chromatin inside the nucleus of an endothelial cell of a rabbit after treatment
with aspartame. Chromatin marginalization towards the nuclear envelope was clearly visible,
with little to no chromatin towards the centre of the nucleus. The nuclear envelope was also not
clearly distinguishable. Damaged areas of the nuclear envelope was visible at two areas
(arrows) (x59 000 magnification)

Figure 8.3a: Section through the right lobe of the liver of a control rabbit illustrating a blood
vessel in the centre of the photo. Note the clear cellular membranes of the hepatocytes (black
arrows) with the darker staining nuclei (circles). Dashed lines indicate polygonal shape of the
hepatocytes
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Figure 8.1b: Section through the right lobe of the liver of a control rabbit. Note the blood
vessel in the centre of the photo, with two ducts. Note the clear cellular membranes of the
hepatocytes (arrows) and the cuboidal epithelium lining the ducts (white arrows). Also, the
endothelial lining of the blood vessel was clearly visible (dashed black arrow)

Figure 8.4: Section through the right lobe of the liver of a control rabbit illustrating the cords
that are present in the liver. Note the clear cellular membranes of the hepatocytes (arrows) and
the organization of the hepatocytes in clearly distinguishable rows (dashed rectangles). Nuclei
were clearly visible in the hepatocytes (circles). Endothelial lining of the blood vessel clearly
visible (white arrow)

Figure 8.5a: Section through the centre of the liver of a rabbit after treatment of aspartame.
Note the absence of clearly distinguishable hepatocytes with no cell membranes being visible.
Cords of hepatocytes were present, but appeared more like the cytoplasma of the hepatocytes
formed a continuous layer. Endothelial lining of the blood vessel also not clearly distinguishable

Figure 8.3b: Section through the right lobe of the liver of a rabbit after treatment with
aspartame. Cords were visible with the cellular membranes also being clear (black arrows).
The cuboidal epithelium lining the duct (white arrow) was clearly distinguishable. Endothelial
ling of the blood vessel appeared thinner (dashed black arrow). It appeared as though the
cytoplasm of the hepatocytes were starting to become more granular, with lace-like appearance
becoming more spaced and broken (circles)

Figure 8.6a: Section through the left lobe of the liver of a rabbit after treatment with aspartame.
The circles indicate hepatocytes which appear to have been damaged with the cytoplasm
appearing granular, chromatin of the nuclei condensed and the cytoplasm appear to be
retracting from the nuclei

Figure 8.4b: Section through the left lobe of the liver of a rabbit after treatment with aspartame.
Note the circled hepatocyte, with a clearly damaged nucleus. Chromatin appeared fragmented

Figure 8.5: Section through the right lobe of the liver of a control rabbit indicating a number of
hepatocytes, of which three were bi-nucleate hepatocytes (circles)

Figure 8.6: Section through the centre of the liver of a rabbit after treatment with aspartame.
Note the number of hepatocytes with two nuclei (circles). Cytoplasm of hepatocytes appeared
more granular and chromatin inside nuclei more condensed

Figure 8.7a: Cortex of the kidney of a control rabbit illustrating a number of renal corpuscles
(circles) and tubules
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Figure 8.7b: Cortex of the kidney of a control rabbit illustrating renal corpuscles (circles) and
the medullary rays (arrows) present in the cortex

Figure 8.8: Renal corpuscle of a control rabbit. Label A — extraglomerular mesangial cells;
Label B — vascular pole; Label C — glomerulus; Label D — mesangial cells; Label E — urinary
space; Label F — parietal layer of Bowman’s capsule; Label G - Nucleus of podocyte

Figure 8.9a: Parietal layer of the capsule of Bowman in a control rabbit (arrows)

Figure 8.9b: Visceral layer of the capsule of Bowman in the control rabbit (arrows). The dashed
arrow indicates the nucleus of a podocyte

Figure 8.10: Cortex of the rabbit treated with aspartame, illustrating the renal corpuscles
(circles) and the medullary rays (arrows). The dashed arrow indicates damage to cellular
membranes of cuboidal epithelium lining the tubules

Figure 8.11: Glomerulus of an aspartame treated rabbit. Label A — extraglomerular mesangial
cells; Label B — vascular pole; Label C — glomerulus with mesangial cells; Label D — urinary
space; Label E — parietal layer of Bowman’s capsule; Label F — nucleus of podocyte

Figure 8.12a: Parietal layer of the capsule of Bowman of a rabbit after treatment with
aspartame (arrows)

Figure 8.12b: Visceral layer of the capsule of Bowman of a rabbit after treatment with
aspartame (arrows)

Figure 8.13: Collecting tubules in the medulla of a control rabbit. Arrows indicate the cuboidal
epithelium of the proximal convoluted tubules. Note the clearly distinguishable cellular
membranes

Figure 8.14: Squamous epithelium of the thin segment of the loop of Henle’s in the control
rabbit (arrows)

Figure 8.17a: Arrow indicates the cuboidal epithelium of the proximal convoluted tubule and
the dashed arrow indicate the squamous epithelium of the thin segment of the loop of Henle’s in
a control rabbit

Figure 8.15b: Arrow indicates the cuboidal epithelium of the proximal convoluted tubule in a
control rabbit. Note the clearly distinguishable cellular membranes. The dashed arrow
indicates the squamous epithelium of the thin segment of the loop of Henle’s

Figure 8.15c: Endothelial cell (arrow) inside the vasa recta of a control rabbit. Note the
flattened, ovoid shape of the nucleus

Figure 8.16: Collecting tubules in the medulla of an aspartame treated rabbit. Arrows indicate
the cuboidal epithelium of the proximal convoluted tubules. Note that the cellular membranes
have suffered damage
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Figure 8.17: Squamous epithelium of the thin segment of the loop of Henle’s in the aspartame
treated rabbit (arrows). Note the rounded nucleus of an endothelial cell (dashed arrow) inside
the vasa recta

Figure 8.18a: Cuboidal epithelium of the proximal convoluted tubule (arrows) and squamous
epithelium of the thin segment of the loop of Henle’s (dashed arrows) in the aspartame treated
rabbits. The cytoplasm of the cuboidal cells appeared washed-out. Damaged cellular
membranes of the cuboidal epithelium were also present (white arrows)

Figure 8.18b: Endothelial lining of the vasa recta in an aspartame treated rabbit. Note the
rounded, not flat, nucleus of the endothelial cell (arrow)
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LIST OF DIAGRAMS

Diagram 3.1: Calculating citrate volume per ml of blood

Diagram 3.2: Calculations of aspartame for each rabbit

Diagram 5.1: Coagulation pathway in the human

Diagram 7.1: Effects of inability to convert tryptophan to serotonin on the cAMP activity

Diagram 9.5: Coagulation pathway with red squares indicating factors affected by intake of
aspartame, yellow squares indicating damaged tissue/organ resulting in decreased factors.
Solid green arrow indicate effects of damage to the tissue
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LIST OF ABBREVIATIONS AND SYMBOLS

ADP - Adenosine diphosphate
a - Alpha

a»-Pl - az-plasmin inhibitor
ANOVA - Analysis of variance
APM - Aspartame

aPTT - Activated partial thromboplastin time
Arg-Gly - Arginine-glycine

AT I - Antithrombin 11

ATP - Adenosine triphosphate
B - Beta

BBB - Blood brain barrier
ca* - Calcium

(Ca®)i - Intracellular calcium
CaCl, - Calcium chloride
CARR - Carrageenan

cAMP - Cyclic adenosine 3,5-monophosphate
CNS - Central nervous system
CO; - Carbon dioxide

Cr - Chlorine ion

° - Degree

°C - Degrees Celsius

XXVI



UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

&

&

ﬂ UNIVERSITEIT VAN PRETORIA
A 4

DIC - Disturbed intravascular coagulation
DKP - Diketopiperazine

DPBS - Dulbecco’s phosphate buffered saline
Flla - Activated F I

F 1Xa - Activated F IX

F Va - Activated F V

F Vila - Activated F VII

F Vllla - Activated F VIII

F Xa - Activated F X

F Xllla - Activated F XIII

FDA - Food and Drug Administration
FPA - Fibrinopeptide A

FPB - Fibrinopeptide B

14C - 14 Carbon

5-FU - 5-Fluorouracil

g - Gram

g/L - Gram per litre

H* - Hydrogen

HfX - Human factor X

HMWK - High molecular weight kininogen
INR - International Normalized Ratio
ISI - International Sensitivity Index
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K* - Potassium
L-aspartyl-L-phenylalanine methyl ester - Aspartame

M - Molar

mg - Milligram

mg/kg - Milligram per kilogram

ml - Millilitre

mM - Millimolar

mmol/L - Millimolar per litre

MS - Mass spectrometry

Ml - Microlitres

Mm - Micrometre

n - Number of values used to obtain mean
Na/K - Sodium/Potassium

Na* - Sodium

NaOH - Sodium hydroxide

NMR - Nuclear magnetic resonance
oIT - Optimal incubation time

OsOq, - Osmium tetraoxide

P - Level of significance

P/T-Ph - Platelet or tissue phospholipids
PAI-1 - Plasminogen activator inhibitor 1
PBS - Phosphate buffered saline
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PKU

PO,

PRP

PT

PTT

RafX

RafXa

RNA

rpm

RUO4

SEM

TAFI

TEM

TF

TFPI

tPA

U/ml

uPA

vWF
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Prekallikrein

Phenylketonuria

Phosphate buffer

Platelet rich plasma

Prothrombin time

Partial prothrombin time

Rabbit factor X

Activated rabbit factor X
Ribonucleic acid

Resolutions per minute
Ruthenium oxide vapour
Scanning electron microscope
Thrombin-activatible fibrinolysis inhibitor
Transmission electron microscope
Tissue factor

Tissue factor pathway inhibitor
Tissue plasminogen activator
Units per millilitre

Urokinase plasminogen activator
von Willebrand factor

Gamma
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