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ABSTRACT

Introduction: vinblastine (VBS) and docetaxel (DCT), classified as vinca alkaloids and taxanes respectively, are microtubule-
targeted drugs (MTTDs) used in cancer chemotherapy. These drugs act by disrupting microtubule dynamics in highly proliferative
cells, including those of olfactory system (0S), through different mechanisms. Data on differences in morphometric and
functional changes produced on the OS by these drugs remain insufficient.

Materials and Methods: Single systemic human equivalent doses of VBS and DCT were administered to adult rabbits. At post-
exposure day 10, the olfactory mucosa (OM) and olfactory brain components (OBCs) were analyzed, quantitatively, for gross,
microscopic and functional alterations.

Results: relative to controls, respective decrease in volumes (%) for olfactory bulb (OB), OBCs and whole brain (WB) were 12.5,
10.53 & 11.92 for VBS and 25.0, 15.79 & 18.95 for DCT. Respectively, OB, OBC and cerebral hemisphere (CH) lengths decreased by
4.01, 11.8 & 8.66% for VBS and 5.90, 14.43 & 12.24% for DCT whereas OB and CH breadths decreased by 1.73 & 6.24% for VBS and
3.03 & 8.99% for DCT. Respective values for OM epithelial thickness, olfactory receptor neuron (ORN) axon bundle diameter,
ORN packing density, and cilia number per ORN decreased by 7.03, 26.8, 9.6 & 16.5% for VBS and 23.04, 52.6, 63.1 & 50.0% for
DCT. Olfactory sensitivity decreased 5.4-fold and 7.0-fold for VBS and DCT respectively.

Conclusion: single parenteral doses of VBS and DCT impact negatively on the OS by altering its quantitative structure and

function in a manner that is more pronounced in the latter drug.
Keywords: Docetaxel; Vinblastine; Morphometry; Olfactory system; Rabbit.

Introduction

The olfactory system (OS) processes information
about the identity, concentration and quality of
odors, playing critical roles in feeding (food detection,
identification and regulation of appetite), reproduction
(mating and mother-infant bonding) and avoidance of
danger’*3. Data on the basic structure and function
of the mammalian OS, including the olfactory mucosa
(OM) and the olfactory bulb (OB), are available in the
literature*>$. Odorants interact with olfactory receptor
neurons (ORNs) in the epithelium of the OM in the
nasal cavity’®. Axons arising from the ORNs fasciculate
in the OM lamina propria to form axon bundles before
projecting to the OB to synapse with second order
neurons (mitral and tufted cells), which in turn project
to various regions of the olfactory cortex®©. The
olfactory tract is formed by a bundle of nerve fibers
that connect the OB with the olfactory cortex while
olfactory striae are the ridges formed, laterally and
medially, when fiber bundles of the olfactory tract
split on reaching the olfactory areas of the cerebral
cortex'2,
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Neurogenesis continues throughout life in specific
areas of nervous system including the hippocampus,
OB and OM epithelium, with the latter two structures
being of particular interest as they contribute new
neurons to both ends of a first-level circuit governing
olfactory perception®. The OS is in direct contact with
the external environment putting it at risk of injury
by environmental agents including toxicants and
pathogens*®. These agents induce inflammation of
the nasal cavity resulting in alteration of the normal
OM structure and reduction in ORN numbers®.
Inflammation triggered by noxious agents on the OM
also disrupts the anatomy and homeostatic function of
the OB, causing reduction in its size and dysregulation
of intrabulbar circuits’®. Cancer chemotherapy
utilizes a wide range of parenterally administered
drugs, majority of which are anti-proliferative.
Although some degree of specificity in the action of
these drugs to cancer cells come from the inability
of many cancer cells to repair DNA damage, they
have the potential to cause injury to normal tissues
characterized high cell turnover such as bone marrow,
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GIT lining, reticuloendothelial system, gonads, hair
follicles, gustatory and olfactory epithelia’® . In the
OS, chemotherapy is associated with loss of olfactory
function during and after treatment with consequent
deleterious effects on the patient’s nutritional intake,
quality of life and overall prognosis?.

Taxanes and vinca alkaloids are among the
widely used group of antiproliferative drugs used in
chemotherapy for many types of cancer. These drugs,
also called microtubule-targeting (MTTDs) or anti-
tubulin drugs, are plant-derived and act by disrupting
microtubules to inhibit mitosis??*. Microtubules
are made up o- and a-tubulin heterodimers that
interconvert between phases of rapid growth and
shrinkage and functions in maintenance of cell shape,
cell motility, epithelial polarity and formation of
spindle fibers, chromosome segregation, intracellular
trafficking of macromolecules and organelles during
cell division and formation of cilia or flagella®?.
Neurons are striking examples of cells in which
microtubules are essential for achieving a high degree
of morphological and functional complexity?. Indeed,
biochemical similarities between filaments of the
mitotic spindle and those of neuronal axons justify
why neurons are vulnerably to damaging effects
of MTTDs*. Vinca alkaloids (e.g. VBS, vincristine,
vinorelbine, vindesine and vinflunine) arrest cell
division by inducing tubulin to form alternate spiral
polymers that dissociate microtubules by peeling
spiral protofilaments®?¢. Conversely, taxanes (e.g.
DCT, paclitaxel and cabazitaxel) bind reversibly to
microtubule polymers within microtubule lumen to
enhance polymerization of tubulin®-2.

Previously, experimental studies have examined
the effect of MTTDs in highly proliferative tissues
including lymphohematopoietic, GIT, testicular?3°
and cutaneous tissues®, with little focus on the OS.
The studies by Kai and colleagues, whose scope was
limited to qualitative analysis of the OM epithelium,
demonstrated remarkable differences in susceptibility
of the epithelium to lesions induced by MTTDs with
regard to drug type, dosage and animal specie??333435,
In our earlier work in rabbits*¢*, we analyzed the
effects of DCT and VBS only on the OM and from a
non-comparative point of view. In an attempt to fill
this knowledge gap and to generate new data, the
current study compared VBS and DCT with regard to
the extent to which they distort the gross, microscopic
and functional integrity of the rabbit OS both in the
nasal cavity (OM) and in the brain (OBCs).

Materials and Methods

Experimental Animals

This study utilized a total of forty two clinically
healthy adult male New Zealand White rabbits aged
6-8 months and weighing 2.5-3.5 kg. These rabbits
were purchased from commercial breeders in Njoro
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Sub-county, Rift Valley, Kenya. The animals were
transported to the housing facility at the Department
of Veterinary Anatomy and Physiology, University
of Nairobi, where they were kept in individual wire
mesh cages and under conditions of 12-h light/dark
cycle, ambient temperatures 23 + 2 °C and relative
humidity 55 + 15%. They were fed on standard rabbit
pellets (Unga feeds Ltd, Nairobi, Kenya) and tap water
was available ad libitum. The animals were allowed to
acclimatize to the housing conditions for four weeks
before starting the experiments. All protocols for the
experimentation of the animals were approved by the
Animal Use and Care Committee of the University of
Nairobi (730/2008) and strictly adhered to the National
Institutes of Health (NIH) Guide for the Care and Use
of Laboratory Animals.

Animal Grouping

For this work, animals were distributed to various
groups as shown Table 1. They were randomly
assigned to three treatment groups (designated A,
B and C) and three control groups (D, E and F) with
each group having seven animals. Respectively, groups
A and B animals were treated with VBS and DCT and
euthanized for olfactory brain morphometry only
(data on OM morphometry are available in our earlier
papers®*®¥). Group C animals were administered VBS
and used for olfactory function test (data on olfactory
function for DCT are also available®). Groups D, E and
F served as controls for olfactory function test, brain
morphometry and OM morphometry respectively.
Table 1. Summary of distribution of the experimental animals into various
treatment groups. Data on olfactory function for docetacel and on olfactory

mucosa (OM) morphometry for vinblastine and docetaxel are available in our
earlier papers®?.

Study oM Brain Olchtory
Morphometry | Morphometry | Function Test
Controls 7 7 7
Vinblastine - 7 7
Docetaxel - 7 -

Administration of Test Drugs

Lyophilized formulation of VBSand DCT (Surgipharm
Ltd, Nairobi, Kenya) were dissolved in physiological
saline and administered to the rabbits as single human
equivalent doses of 0.31 and 6.26 mg/kg, respectively,
via the ear vein. In humans, VBS is administered at
a dose rate of 3.7 mg/m? (0.10 mg/kg)*® whereas DCT
is given at 75 mg/m? (2.03 mg/kg)* and therefore the
doses given to the rabbits were worked out using the
formula:

Animal dose= Human dose x (Human K_ factor /
Animal K factor)

[Where: K factor, body weight (kg) divided by body
surface area (m?), is 37 for humans and 12 for rabbits*?]

Control animals were injected with a corresponding
volume of physiological saline also through the ear vein.
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Harvesting of Brains and Olfactory Mucosa

Representative groups of animals for morphometric
work (VBS & DCT-treated animals for brain work
and controls for OM and brain) were euthanized
with lethal doses of pentobarbital sodium (200 mg/
kg, inraperitoneally). For the VBS and DCT-treated
animals, euthanasia was done at post-exposure day 10.
Perfusion fixation of freshly euthanized animals was
performed transcardially through the left ventricle
with saline followed by 10% formaldehyde, after which
the carcass head was detached from the rest of the
body at the atlanto-axial joint using a sharp knife.
Harvesting and sampling of the OM were performed
as described for dogs and sheep*. Thus, the OM
was obtained from the ethmoturbinates after mid-
sagittal sectioning of the skull and removal of the
nasal septum. This was followed by transection of the
ethmoturbinates perpendicular to their long axes into
anterior, middle and posterior portions from where
tissue sub-segments were selected by systematic
random sampling for microscopy (Figure 1). Brain
harvesting was done as detailed before*’, by skinning
and stripping off the cranial and facial muscles prior
to breaking the skull using a dissecting knife and a
pair of thumb forceps to extract the brain (with the
bulbs intact). The harvested brains and OM tissues

B }"

=

Figure 1. Macrograph of ethmoturbinates of the rabbit illustrating the steps
followed in tissue sampling. Tissue blocks were obtained from anterior (A),
middle (M) and posterior (P) portions of the turbinate using a sharp blade. Each
of these portions was further transected into smaller pieces (Pi). For microscopic
analysis, tissue pieces obtained from each of the three levels were selected by
systematic random sampling.

were allowed to fix further by immersion in 10%
formaldehyde for 24 hours.

Processing of the olfactory mucosa for light and
scanning electron microscopy

Selected ethmoturbinate pieces were decalcified
in 5% phosphate buffered EDTA*, washed in distilled
water and dehydrated in graded ethanol series (50,
70, 80, 90% and twice in 100%). This was followed
by infiltration and embedding in paraffin wax and
sectioning of the tissues in the transverse plane at 5um
using a rotary microtome (Leitz Wetzlar, Germany).
Staining was then done in H&E and Masson’s trichrome
following routine procedures. For scanning electron
microscopy (SEM), tissue pieces were dehydrated
in increasing concentrations of acetone (50% to 70,
80, 90, 95, and 100% x2), critical point dried in liquid
carbon dioxide, mounted on brass stubs and sputter-
coated with gold-palladium complex. The sample
surfaces were then viewed on a Jeol 330 or Leo 1530
SEM at 15 kV

Morphometric Analysis of the Olfactory Mucosa

Quantitative parameters of the OM were analyzed at
both light microscopy and SEM levels using a graticule
fittedinsidetheeyepieceofthemicroscope4.Tothisend,
tissue samples were randomly selected and processed
from the seven animals (four for light microscopy
and three for SEM) from which 10-15 histology and
8-10 SEM micrographs were prepared. In both cases,
morphometric analysis was done on 30-35 test fields
generated from randomly selected micrographs. The
OM was analyzed for epithelial thickness and ORN
axon bundle diameter at light microscopic level and for
ORN packing density and cilia number per ORN knob
at SEM level. All the aforementioned parameters were
determined following the steps detailed in our earlier
paper®. In brief, the thickness of OE was measured
from the basement membrane to the apical surface
while diameters ORN axon bundle were worked
out from mean linear intercept lengths. Volume
densities were estimated by point counting using an
overlay of a coherent test system of points. Packing
densities of ORN were estimated by counting the ORN
knobs projecting from the OM epithelial surface in a
millimeter square area while taking into account the
forbidden line rule. In determining cilia counts/ ORN
knob, the obscured cilia, which are estimated at 25%,
were incorporated in the final total value.

Determination of linear dimensions and volumes
of brain components

Linear measurements of the cerebral hemispheres
(CHs) and olfactory brain components (OBC) [olfactory
bulb (OB), olfactory tract and stria combined] were
carried out as described for elephant shrews*. To this
end, the length and breadths of the CHs were taken
(on the brain in situ) at their greatest points from
the dorsal aspect of the brain. The OBCs were then
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marked out for dissection and removed, en bloc, and its
length determined. Thereafter, the OB was separated
from the underlying olfactory tract to estimate its
greatest length and breadth. The measurements were
performed by two trained technicians (intra and inter-
observer errors = 2-3%) using vernier calipers, thread
and meter rule. The volume of the whole brain (WB)
and that of the OBC were determined using Water
Immersion Volumetry*. Thus, a beaker containing
sufficient amount of saline was placed on a digital
weighing balance and the structure to be weighed
(initially suspended from a clamp stand with a fine
thread) was completely dipped in the saline, and
the change in weight reading (in grams) taken to be
equivalent to the volume of the structure (in cubic
centimeters).

Assessment of Olfactory Function Using Hidden
Cookie Test

The hidden cookie test, also known as food
exploration test, food localization test or buried food
pellet recovery test* measures the animal’s natural
tendency to use the olfactory cue for foraging and
therefore its general ability to smell. To examine the
impact of VBS administration on olfactory sensitivity in
the rabbit, the test was performed in steps as described
elsewhere*: Step 1: Odor familiarization where a piece
of dry cookie (made from rabbit food pellets) was put
in the subject’s cage for 2-3 consecutive days before
the test with daily checks to confirm if the cookie had
been consumed. Step 2: Food deprivation where all
food was removed from the cage 18-24 hours before
the test but with provision of water ad libitum. Step
3: Scoring the latency to find the cookie where, (i) the
subject was placed in a standard cage measuring 52
cm long x 42 cm wide x 41 cm high®® containing clean
bedding and allowed to acclimate for 5-10 minutes, (ii)
the subject was transferred to an open wooden box
(of similar dimension as the standard cage) containing
clean bedding underneath which a 5 gram piece of
cookie was buried approximately 6 cm beneath the
surface (Figure 2), (iii) recording was done on the
latency time i.e. the time taken (in seconds) between
placement of the subject rabbit in the box and grasping
the cookie with its teeth. Latency scores were taken
three times for each subject (using a video camera) by
an experimenter blinded to the test information in all
trials and positioned 2m away from the box. A deficit in
olfactory ability was recorded for subjects who failed
to find the cookie after 300 seconds had elapsed.

Statistical Analysis

Comparison of changes in OM and brain
morphometric values between controls and treated
animals were recorded as percentages. For differences
in olfactory sensitivity, latency scores were compared
between controls and treated animals using the
Student’s t-test and with graphical representation
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Figure 2. A photograph of the set up used to measure latency scores in the hidden
cookie test. After odor familiarization, food deprivation and acclimatization, the
subject rabbit was placed in an open wooden box measuring 52cm long, 42cm
wide and 41cm high and containing clean wooden shavings below which piece
of cookie (5g) was buried about 6cm beneath the surface. The subject was then
allowed time to locate and uncover the cookie. Latency time was recorded as the
time (in seconds) between placement of the subject in the box and grasping the
cookie with its teeth.

of the data. In all cases, mean values were presented
together with their standard deviations (SD) and
statistical significance was captured at p < 0.05.

Results

Table 2 contains data on linear dimensions (greatest
lengths and breadths) of OB, OBC and CH in controls
and in rabbits administered with VBS and DCT. Relative
to controls, a decrease in linear measurements of the
three structures is noted, with the degree of reduction
being greater in DCT than in VBS-treated animals.
Length measurements (in mm) in controls were 15.23+
1.36 for OB, 26.61 = 2.11 for OBC and 36.60 * 3.18 for
CH and these decreased in VBS-treated animals by
4.01, 11.88 and 8.66% and with DCT-treatment by 5.90,
14.43 and 12.24% respectively. For the breadths, control
values (in mm) were 6.92 + 0.87 for OB and 24.36+ 2.15
for CH and these decreased by 1.73 and 6.24% with VBS

Table 2. Mean values (+SD given in parenthesis) of linear measurements of the
olfactory bulb (OB) alone, OB, olfactory tracts and stria combined (OBC) and
cerebral hemispheres (CHs) (in mm) in controls and in vinblastine and docetaxel-
treated rabbits, and their percentage decrease relative to the controls at post-
exposure day 10.

Parameter Control Vinblastine | Docetaxel
Length OB 1523 (1.36) | 14.62(113) | 14.33(1.27)
Decrease % 4.01 5.90
Breadth OB 6.92 (0.87) 6.80 (0.75) 6.71(0.84)
Decrease % 1.73 3.03
Length OBC 26.61(211) | 23.45(1.97) | 22.77 (1.88)
Decrease % 11.88 14.43
Length CH 36.60 (318) | 33.43(2.91) | 3212 (2.67)
Decrease % 8.66 12.24
Breadth CH 24.36 (215) 22.84(1.78) 2217 (1.93)
Decrease % 6.24 8.99
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treatment and by 3.03 and 8.99% with DCT treatment,
respectively.

Data on volumes for OB, OBC and WB are provided
in Table 3. Control values for volume (in cm?®) were
0.08+0.01 for OB, 0.19 +0.05 for OBC and 13.67+1.80 for
WB. Respectively for the OB, OBC and WB, the values
decreased more remarkably in DCT- treated rabbits
(25.0, 15.79 & 18.95%) as compared with VBS-treated
animals (12.5, 10.53 & 11.92%)

Table 3. Mean values (+SD given in parenthesis) for volumes (in cm?®) of the
olfactory bulb (OB) alone, OB, olfactory tract and stria combined (OBC) and whole
brains (WB) for controls and for vinblastine and docetaxel- treated rabbits, and
the percentage decrease in the volumes relative to the controls at post-exposure
days 10.

Parameter Control | Vinblastine | Docetaxel
Volume OB (cm3) 0.08 (0.01) 0.07 (0.01) 0.06 (0.01)
Decrease (%) 12.5 25.0
Volume OBC (cm3) | 0.19 (0.05) 047 (0.05) 0.6 (0.04)
Decrease (%) 10.53 15.79
Volume WB (cm3) 13.67 (1.8) 12.04 (1.5) 11.08 (1.4)
Decrease (%) 11.92 18.95

Differences in OM morphometric values between
controls (current study) and VBS and DCT- treated
animals (previous studies) are recorded in Table 4.
Respectively, OM epithelial thickness (um), ORN axon
bundle diameter (um), ORN packing density (mm?x
10%) and cilia counts/ ORN knob which were 98.1+2.8,
129.6+10.3, 88.9+4.7 and 24+3 in control animals,
decreased by 7.03,26.8, 9.6 &16.5% with VBS-treatment
and by 23.04, 52.6, 63.1 and 50.0 with DCT-treatment.

In Figure 3, olfactory sensitivity scores in controls
are compared with those of animals treated with
Table 4. Mean values (+SD given in parenthesis) for OM epithelial thickness,
olfactory receptor neuron (ORN) axon bundle diameter (in um), packing densities
of ORNs (mm-2 x 103) and cilia counts per ORN in controls (current study) and in

vinblastine and docetaxel-treated rabbits (previous studies), and the percentage
decrease in these parameters relative controls at post-exposure day 10.

Control Vinblastine | Docetaxel
Parameter (Current (Previous (Previous
study) study?) study®)
Epithelial
thickness 98.1(2.8) 91.2 (2.9) 75.5 (4.3)
Decrease % 7.03 23.04
Axon bundle
diameter 129.6 (10.3) 94.9 (12.6) 61.4(8.9)
Decrease % 26.8 52.6
ORN packing
density 88.9 (4.7) 80.4 (4.2) 32.8(3.3)
Decrease % 9.6 63.1
Cilia number/
ORN 24 (3) 20 (2) 12 (3)
Decrease % 16.5 50.0

Vinblastine

Figure 3. Mean latency scores (in seconds) of controls and of rabbits injected with
vinblastine (current study) and docetaxel37, and tested for olfaction sensitivity
on post-exposure day 10. Relative to the controls, latency scores increased
significantly in vinblastine-treated rabbits (5.4-fold), and even more markedly
with docetaxel-treatment (7.0-fold) where the animals showed olfactory deficit
and inability to locate and uncover the cookie, p < 0.05.

Docetaxel

Control

VBS (current study) and docetaxel (earlier study) at
post-exposure day 10. Relative to the control value
(47+ 11seconds), latency scores increased significantly
(p< 0.05) in VBS-treated animals (5.4-fold) and DCT
treatment (7.0-fold), with the latter drug producing a
deficit in olfactory function and inability to locate and
uncover the hidden cookie.

Discussion

The combined perception in flavor of food by the
olfactory and gustatory epithelia is an important
determinant with regard to food intake and nutritional
status. Although chemotherapy improves the survival
of cancer patients, the drugs used cause severe
side effects leading to poor nutrient intake and
reduced efficacy of the anticancer treatment?*°.
Clinical reports on various forms of MTTDs-induced
olfactory dysfunction have been presented by several
authors®%54% with scanty details on the exact
nature and magnitude of lesions associated with
such dysfunctions. Further, there have been attempts
to document, using different experimental models,
the structural distortions produced by MTTDs on
the OM32333435437 However, none of the studies has
compared the degree of structural and functional
disruptions that VBS (a vinca alkaloid) and DCT (a
taxane) cause on the OS in its entirety, both grossly
and microscopically. Thus, this study provides the first
comprehensive comparison regarding the magnitude
of macroscopic, microscopic and functional alterations
that VBS and DCT produce on OS structures in the
nasal cavity and the brain.

Anticancer drug VBS is a first-generation
vinca alkaloid developed from Periwinkle plant
(Catharanthus roseus)*®. This drug inhibits mitosis by
aggregating tubulin to disrupt microtubule assembly
and is used in treating melanoma, non-small cell lung
cancer, testicular cancer, brain cancer, and Hodgkin’s
lymphoma?¢°7%8, In contrast, DCT is a semisynthetic
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analogue of paclitaxel derived from the bark of Pacific
yew (Taxus Brevifolia)®. It arrests cell replication by
stabilizing GDP bound tubulin to block microtubule
disassembly and is used in treating breast cancer (as
first-line therapy), ovarian, prostate, lung, gastric,
bladder, head and neck cancers®®®. The rabbit, which
is an excellent model for toxicological work®, was used
in this study to demonstrate changes produced on the
OS structure by VBS and DCT (viz. linear dimensions
and volumes of OB and OBCs, thickness of OM
epithelium, diameter of ORN axon bundles, density
of ORN and number of cilia/ ORN) with the finding
that the two drugs caused a reduction in all the above
parameters but to greater extent with DCT treatment.
This observation that was further confirmed by
recording of latency scores for olfactory sensitivity in
this study. Plausibly, these findings may be a reflection
of the difference in the mechanisms of action of the
two groups of drugs.

Undisrupted, the OM epithelium remains in a
steady state of equilibrium between cell loss and cell
replacement®. With DCT and VBS treatment, cells of
the rabbit OM epithelium were shown to lose their
normal arrangement®?’. Additionally, administration
of VBS and DCT in rabbits®** or vincristine in mice®
resulted in sporadic mitotic figures at the basal region
of the OM epithelium. Several intercellular adhesion
systems including tight junctions are maintained by
cell-cell contact and apical-basal polarity in epithelia%.
Arguably, these adhesion systems may disrupted by
MTTDs to cause the disarrangement noted in the
above studies. Additionally, regenerative response
to cell death after MTTD treatment is believed to be
the reason for presence of mitotic figures seen in the
OM epithelium®. In paclitaxel-treated mice, death of
OM epithelial cells was reported to occur through
apoptosis with resultant epithelial atrophy®*. Apoptotic
cell death and degeneration were also demonstrated
in ORN axon bundles of rabbits treated with VBS and
DCT?6%". Notably, these qualitative changes appear to
match closely with our morphometric data (of reduced
OM epithelial thickness, ORN packing density and
bundle diameters) where DCT presents a higher level
of reduction than VBS at post-exposure day 10.

Olfactory cell cilia, which provide the sites for odor
binding, are microtubule-based structures® and as
such, they are highly prone to the disruptive effects
of MTTDs. This, apparently, can be attributed to the
current findings of reduced ORN packing density and
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