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Background/aim

Calcium phosphate (CAP) and aluminum phosphate (alum) compounds have been
approved as vaccine adjuvants for humans. The present study aimed to study the
ultrastructural and morphometric effect of both aluminum phosphate (alum) and
CAP nanoparticle adjuvant.

Materials and methods

Eighteen Swiss albino mice were used in the experiment. An overall 50% of them
were adult and the other 50% were juvenile. Mice were immunized intramuscularly
with 0.125 ml of adjuvanted tetanus toxoid vaccine. In the alum adjuvant group,
three adult mice and another three juvenile ones were injected with alum adju-
vanted vaccine and killed 1 week after immunization. In the CAP adjuvant group,
three adult mice and another three juvenile mice were injected with CAP adjuvanted
vaccine and killed 1 week afterimmunization. At the end of the work, samples of the
liver, kidney, and brain were subjected to light and electron microscopic exami-
nations.

Results

In both the alum group and the CAP nanopatrticle adjuvant group, the examination
revealed wide and severe ultrastructural changes in the liver, kidney, and brain of
adult and juvenile mice. These changes included swollen mitochondria with
degenerated cristae, severely degenerated ground cytoplasm, and unusual chro-
matin picture of nucleus. In contrast, morphometric studies of the nucleus/cell ratio
and damaged areas showed a significant increase in the liver, kidney, and brain of
both adjuvants.

Conclusion

The results of this study revealed that both aluminum phosphate (alum) and CAP
nanoparticle adjuvant caused ultrastructural and morphometric changes in tissues
of the liver, kidney, and brain.
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Introduction

research and development efforts over the last 80
years, and the safety barriers presented by regulatory

Since the earliest attempts to raise significant immune
responses against nonliving agents, investigators have
tried to identify useful additives that can be combined
with antigens to enhance immune responses. Such
immune-enhancing  additives are  known as
adjuvants. The term ‘adjuvant’ (from the latin,
adjuvare=help) was first coined by Ramon in 1926
[1]. Virtually, all adjuvant systems developed, to date,
have focused on one of the two mechanisms: specific
immune activation or the delivery depot effect [2].
systems
developed and tested in preclinical models, few have

Although many adjuvant have been
actually proved useful for human vaccines. Manmohan
[2] stated that the primary limitations for the use of
new adjuvant systems with human vaccines revolve
around safety issues. However, the toxicity of

adjuvants has been reduced systematically through
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and liability issues have continued to increase [2]. In
the USA, alum compounds are the most extensively
used adjuvants in licensed vaccines for humans [2].
Although they effectively enhance immune responses,
there are several disadvantages associated with their use
[3]. The disadvantages of alum-based adjuvants
include the severity of local tissue irritation, the
longer duration of the inflammatory reaction at the
injection site, minimal induction of cell-mediated
immunity, and a propensity to elicit undesirable
immunoglobulin E responses [4-6]. For these
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reasons, new adjuvants are being developed to enhance
the immunity against weak antigens. Nanomaterials
have unique physicochemical properties, such as ultra
small size, large surface area-to-mass ratio, and high
reactivity, which are different from bulk materials of
the same composition. These properties can be used to
overcome some of the limitations found in traditional
vaccines [7]. Efforts with calcium adjuvants have
continued, and work with calcium phosphate (CAP)
nanoparticles has had some preclinical success [8].
CAP and aluminum phosphate (alum) compounds
have been approved as vaccine adjuvants for human
use in several European countries [9]. Therefore, the
study aimed to evaluate the pathological,
ultrastructural, and morphometrical effects of both
aluminum phosphate and CAP nanoparticle adjuvants.

Materials and methods

Animals

Eighteen Swiss albino mice obtained from the
Egyptian Company for the Production of Sera and
Vaccines (EgyVac.), affiliate of the Holding Company
for Biological Products and Vaccines (VACSERA),
were used in the experiment. Nine of them were adult
(18-22¢) and the other nine were juvenile (10-12g).
The mice were housed under standard conditions in
plastic laboratory cages in the animal facility of the
same place. The animals were divided into groups and
immunized as shown in the experimental design.

Experimental design

In this study, 18 Swiss albino mice were used. The mice
were obtained from the Egyptian Company for the
Production of Sera and Vaccines (EgyVac.), affiliate of
the Holding Company for Biological Products and
Vaccines (VACSERA). Nine of them were adult
(18-22g) and the other nine were juvenile (10-12g).
The animals were housed under standard conditions in
plastic laboratory cages in the animal facility of the same
place. The mice were divided into main three groups as
follows: the control group, the alum adjuvant group, and
the CAP group. In each group, three adult mice were
killed at first week after immunization and three juvenile
mice were killed at first week after immunization.

Preparation of adjuvant

Aluminum phosphate (alum) adjuvant

Both 0.63mol/l AICI30.6H,O and 0.3mol/l
Na;P0O40.12H,0 were individually dissolved in 40
ml distilled water. The prepared solutions were
filtered using a 0.2pm filter. The contents were
stirred continuously during the procedure at 40-60
rpm. The 0.3mol/l Na;PO40.12H,O solution was
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added to a mixing bottle. Thereafter, 300 ml sterile
distilled water was added. Tetanus toxoid was added
followed by the addition of 0.63 mol/l AlC1;0.6H,0O
solution to the mixing bottle. The pH was maintained
between 6.5 and 6.8. The final volume was adjusted
with sterile distilled water. The suspension was mixed

for 2h at 37°C [10,11].

Calcium phosphate nanoparticle adjuvant

CAP nanoparticle adjuvant was prepared by mixing
solution A and solution B. Solution A was prepared by
means of rapid dissolution of 18.36g of
Na,HPO,12H,0, 12.5g of NaOH, and 7.5g of
NaHCOs3 in 325 ml of distilled water. Solution B
was prepared by means of rapid dissolution of 10.75
g of Ca (NO3)2.4H,0 in 125 ml of distilled water. All
solutions were sterilized by means of membrane
filtration (0.022 Stereoscopy vacuum filtration
system; Millipore, Temecula, California, USA).
Tetanus toxoid was homogenized in 0.07mol/l
dibasic sodium phosphate sterile solution. The
vaccine suspension was mixed with solution A before
solution B. The precipitate of gel-like amorphous CAP
formed was agitated for ~30 s [10].

Electron microscopic examination

The examination was carried out at the first week after
immunization. The specimens were prepared according
to the procedure described by Anderson and Cheville
[12], Anderson ef a/[13], and Coulter [14].

Morphometric examination

This examination was carried out on the liver, kidney,
and brain 1 week after immunization on all groups. The
data were obtained using the Leica Qwin 500 Image
Analyzer computer system (Cambridge, England).
The image analyzer consisted of a colored video
camera, colored monitor, and a hard disc of IBM
personal computer connected to the microscope, and

was controlled by Leica Qwin 500 software [15].

Statistical analysis

Statistical calculations were carried out with the SPSS
10.0 for Windows software package (Statistica, San
Jose, California, USA). The results were expressed as
mean+SE. Analysis of variance and Student’s #-test
were used for statistical analyses; P values less than 0.05
were considered significant [15].

Results

Electron microscopic study

Effect on the liver

Electron microscopic examination of liver tissue of
control nonimmunized mice showed similar normal
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structure in both adult and juvenile mice, which
includes normal cellular organelles such as nucleus,
Golgi  apparatus, mitochondria, and rough
endoplasmic reticulum (Fig. 1a).

In the alum groups, wide and severe ultrastructural
changes were observed. The liver tissue of adult mice
showed unusual chromatin picture of nucleus,
degenerative nuclear envelope, and most of the
ground cytoplasm was
(Fig. 1b). The liver of juvenile mice showed nucleus

moderately degenerated

with unusual chromatin picture, degenerated nuclear
envelope, vacuolated and moderately degenerated
cytoplasm, and swollen mitochondria associated with
degenerated cristae (Fig. 1c).

When using CAP nanoparticle adjuvants, the change
in ultrastructures of adult mice included swollen
mitochondria with degenerated cristae and reduction
in the number of chromosomes on rough endoplasmic
reticulum, whereas the changes in juvenile mice

Figure 1

included huge amount of lysosomes and swollen

mitochondria (Fig. 1d and e).

Effect on the kidney

Electron microscopic examination of kidney tissue of
control nonimmunized mice showed similar normal
structure in both adult and juvenile mice: normal
cellular organelles such as nuclei, which lie almost
at the center of the cell, and rough endoplasmic
reticulum with the infolding of the basal membrane

(Fig. 2a).

The ultrastructural changes occurring in the kidney of
both adult and juvenile mice in the alum adjuvant
group included developing large vacuoles containing
cell debris, shrunken nuclei with irregular outline,
unusual chromatin  picture of nucleus, and

appearance of lymphocytes (Fig. 2b and c).

In the CAP nanoparticle adjuvant group, the changes
included swollen mitochondria with degenerated

Electron micrograph of liver sections: (a) a control nonimmunized mouse shows normal structure of nucleus (star), mitochondria (black arrow),
and Golgi apparatus (yellow arrow) (x15 000); (b) an adult mouse immunized with tetanus toxoid adsorbed on alum adjuvant 1 week after
immunization shows nucleus displaying unusual chromatin picture (yellow arrow) and degenerative nuclear envelope (blue arrow). Most of the
ground cytoplasm is moderately degenerated (red arrows) (x8000); (c) a juvenile mouse immunized with tetanus toxoid adsorbed on alum
adjuvant 1 week after immunization shows nucleus with unusual chromatin picture (yellow arrow), degenerated nuclear envelope (blue arrow),
vacuolated and moderately degenerated cytoplasm (red arrows), and swollen mitochondria associated with degenerated cristae (white arrow)
(x8000); (d) an adult mouse immunized with tetanus toxoid adsorbed on calcium phosphate nanoparticle adjuvant 1 week after immunization
shows few ribosomes on the rough endoplasmic reticulum (white arrows) and swollen mitochondria associated with degenerative cristae were
noticed (yellow arrow) (x8000); (e) a juvenile mouse immunized with tetanus toxoid adsorbed on calcium phosphate nanoparticle adjuvant
1 week after immunization shows huge amount of lysosome (white arrows) and degenerated or swollen mitochondria (yellow arrow) (x8000).
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Figure 2

Electron micrograph of kidney sections: (a) a control nonimmunized mouse showing the enfolding of the basal membrane (blue arrow), rough
endoplasmic reticulum (white arrow), few numbers of microvilli (blue arrow), and the nucleus (star) (x8000); (b) an adult mouse immunized with
tetanus toxoid adsorbed on alum adjuvant 1 week after immunization showing a part of a proximal convoluted tubule (blue arrow). Notice the
developed large vacuoles (double head arrow) containing cell debris and usually associated with mitochondria; the nucleus appeared with
irregular outline and associated with condensed chromatin (black arrows) (x8000); (c) a juvenile mouse immunized with tetanus toxoid adsorbed
on alum adjuvant 1 week after immunization shows the appearance of lymphocytes (yellow arrow). Notice that most of the mitochondria
exhibited degenerated cristae, severely degenerated ground cytoplasm, and the nucleus with unusual chromatin picture (yellow arrow) (x8000);
(d) a mouse immunized with tetanus toxoid adsorbed on calcium phosphate nanoparticle adjuvant 1 week after immunization shows most of the
mitochondria exhibiting degenerated cristae or swollen (yellow arrow) and the nucleus displayed unusual chromatin picture (black arrows)
(x8000); (e) a juvenile mouse immunized with tetanus toxoid adsorbed on calcium phosphate nanoparticle adjuvant 1 week after immunization
shows that most of the mitochondria exhibited degeneration (yellow arrow), the ground cytoplasm is severely degenerated (double head arrow),
and the nucleus displayed unusual chromatin picture (white arrows) (x15 000).

cristae, severely degenerated ground cytoplasm, and
unusual chromatin picture of nucleus (Fig. 2d and e).

Effect on the brain

Electron microscopic examination of brain tissue of
control nonimmunized mice showed similar normal
structure in both adult and juvenile mice. The
cytoplasm contained many mitochondria; the nucleus
showed regular chromatin structure, and the
supporting cells had large nucleus and small
cytoplasm that include few organelles (Fig. 3a).

The ultrastructural changes occurring in the brain
of adult mice included appearance of vacuoles

containing fine granular and dense material and
intact cell organelles; however, the juvenile mice
showed appearance of few dense bodies and many
shrunken mitochondria, whereas other organelles

appeared intact in the lower part of the cell
(Fig. 3b and ¢).

In the CAP nanoparticle adjuvant group, the
ultrastructural changes in the adult and the juvenile
group were similar and included the appearance of
necrotic tissue surrounding the upper and lower
border of the cell and some vacuoles containing
dense bodies, whereas others contained pale bodies

(Fig. 3d and e).
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Figure 3

Electron micrograph of brain sections: (a) a control nonimmunized mouse shows a part of a neuron of the cerebral cortex. The cytoplasm
contains many mitochondria (yellow arrow) and a large nucleus (white star) with regular chromatin structure (white arrow). Notice the supporting
cell (blue arrow) at the lower with large nucleus (black star) and cytoplasm (black arrow) that include few organelles (x10 000); (b): an adult
mouse immunized with tetanus toxoid adsorbed on alum adjuvant 1 week after immunization showing vacuoles (white arrows) containing fine
granular and dense material and intact cell organelles (x15 000); (c) a brain section of a juvenile mouse treated with tetanus toxoid adsorbed on
alum adjuvant 1 week after immunization showing the nucleus (star) at the right, a few dense bodies, and many mitochondria that appear in
shrunken form (yellow arrow). Notice the intact organelles at the lower part (white arrow) (x8000); (d) an adult mouse treated with tetanus toxoid
adsorbed on calcium phosphate nanoparticles adjuvant 1 week after immunization showing large indented nucleus (star) with uniformly thick
heterochromatin (white arrows), the upper and lower border of the cell surrounded with necrotic tissue debris, and some vacuoles contain dense
bodies (blue arrow) and other contain pale bodies (black arrow) (x15 000); (e) a juvenile mouse immunized with tetanus toxoid adsorbed on
calcium phosphate nanoparticle adjuvant 1 week after immunization shows a few mitochondria (yellow arrow), some vacuoles that contain
dense bodies (blue arrow), and a large indented nucleus (star) with uniformly thick heterochromatin (white arrows) (x15 000).

Morphometric study

Effect on the liver

Morphometric study of the nucleus/cell ratio (N/C) of
control liver of nonimmunized mice revealed mean
value equal to 0.322+0.014, whereas the damaged
area recorded a value of 0.00 (Tables 1 and 2).

(P<0.05), whereas the damaged area within the same
sample recorded a mean value of 3556.89+2027.05,
which also showed a significant increase as compared

with controls (P<0.05) (Tables 1 and 2).

In the CAP nanoparticle adjuvant group, measurement
of the N/C ratio of the liver sections of adult mice

In the alum adjuvant group, the N/C ratio of liver
sections of adult mice recorded a mean value of 0.702 +
0.494, which showed a significant increase (P<0.05),
and the damaged area within the same sample recorded
a mean value of 4151.50+2260.81, which also showed
a significant increase (P<0.05) as compared with
controls (Tables 1 and 2). Measurement of the N/C
ratio of the liver of juvenile mice recorded a mean value

of 0.424+0.274, which showed a significant decrease

recorded a mean value of 0.865 +0.591, which showed
a significant increase (P<0.05) as compared with
controls, and the damaged area within the same
sample recorded a mean value of 3349.21+1831.01,
which also showed a significant increase (P<0.05) as
compared with controls (Tables 1 and 2).
Measurement of the N/C ratio of the liver sections
of juvenile mice recorded a mean value of 0.389+0.159,
which showed a significant increase (P < 0.05), and the



Table 1 Nucleus/cell ratio area change in the liver, kidney,
and brain tissues of adult and juvenile mice after 1 week of
immunization with tetanus toxoid adsorbed on alum and
calcium phosphate nanoparticle adjuvants
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Table 2 Damaged area in the liver tissue of adult and juvenile
mice after immunization with tetanus toxoid adsorbed on
alum and calcium phosphate nanoparticle adjuvants 1 week
after immunization

Groups Groups

N/C ratio Damaged area (um?)
Parameters Liver Kidney Brain Parameters Liver
Control 0.322+0.014 0.678+0.036 0.299+0.020 Control 0.00
Alum (adult) 0.702+0.494" 0.528+0.290" 0.455+0.235" Alum (adult) 4151.50+2260.81*
Alum (juvenile) 0.424+0.274" 0.652+0.415 0.473+0.242°  Alum (juvenile) 3556.89+2027.05"
Calcium 0.865+0.591" 0.671+0.402 0.272+0.122 Calcium phosphate (adult) 3349.21+1831.01"
phosphate Calcium phosphate (juvenile) 2031.73+706.20"
(adult) *Significant difference than control at P < 0.05.
Calcium 0.389+0.159" 0.724+0.747* 1.103+0.893"
phosphate
(juvenile)

*Significant difference than control at P <0.05.

damaged area within the same sample recorded a mean
value of 2031.73+706.20, which also showed a
significant increase (P<0.05) (Tables 1 and 2).

Effect on the kidney
Measurement of the N/C ratio of control kidney of
nonimmunized mice recorded a mean value of 0.678 +

0.036 (Table 1).

In the alum adjuvant group, measurement of the N/C
ratio of kidney sections of adult mice revealed a mean
value of 0.528+0.290, which showed a significant
change (P<0.05), whereas juvenile mice revealed a
mean value of 0.0.652+0.415 (Table 1).

In the CAP nanoparticle adjuvant group, measurement
of the N/C ratio of kidney sections of adult mice
revealed a mean value of 0.671+0.402, whereas
juvenile mice revealed a mean value of 0.724+0.747,
which showed a significant increase as compared with

controls (P<0.05) (Table 1).

Effect on the brain
Measurement of the N/C ratio of control brain of
nonimmunized mice revealed a mean value of 0.299

+0.020 (Table 1).

In the alum adjuvant group, measurement of the N/C
ratio of brain sections of adult mice revealed a mean
value of 0.455+0.235, which showed a significant
increase (P<0.05) compared with controls, whereas
that of juvenile mice revealed a mean value of 0.473 +
0.242, which showed a significant increase (P<0.05)
compared with controls (Table 1).

In the CAP nanoparticle adjuvant group, measurement
of the N/C ratio of brain sections of adult mice revealed

a mean value of 0.272+0.122, whereas that of juvenile
mice revealed a mean value of 1.103+0.893, which
showed a significant increase (P<0.05) as compared
with controls (Table 1).

Discussion

Vaccines have profound impact on global health,
although concerns persist about their potential role
in autoimmune or other adverse reactions [16]. To
address these concerns, vaccine components such as
immunogens and adjuvants require critical evaluation
for healthy individuals and their safety. In the present
study, aluminum phosphate and CAP nanoparticles
were prepared and used as adjuvants. The current work
aimed at studying the pathological ultrastructural and
morphometrical effect of both alum and CAP

nanoparticle adjuvants.

The results of the electron microscopic study revealed
wide and severe ultrastructural changes in the liver
tissue in both the alum and CAP nanoparticle
adjuvant groups, which were more obvious in adult
mice in the CAP nanoparticle group and in juvenile
mice in the alum group. These changes included
degenerated envelope  with
chromatin picture of nucleus, degenerated cytoplasm,
altered rough endoplasmic reticulum, and swollen
mitochondria with degenerative cristae.

nuclear unusual

The ultrastructural changes occurring in the kidney of
both adult and juvenile mice in the alum adjuvant
group included developing large vacuoles containing
cell debris, shrunken nucleus with irregular outline,
unusual chromatin picture of nucleus, and appearance
of lymphocytes. In the CAP nanoparticle adjuvant with
alum group and juvenile group, the changes included
swollen mitochondria with degenerated cristae,
severely degenerated ground cytoplasm, and unusual

chromatin picture of nucleus.
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The ultrastructural changes occurring in the brain were
more obvious in adult mice when using CAP
nanoparticle adjuvant and in juvenile mice when
using alum adjuvant, and it included both the adult
and juvenile groups in case of using alum and CAP
nanoparticle adjuvant, including the appearance of
vacuoles containing fine granular dense material,
intact  cellular  organelles, and  shrunken
mitochondria. Mitochondrial dysfunction or disease
presented a malfunction in the biochemical process
of energy production, resulting from disruption of
either mitochondrial DNA or nuclear DNA
[17-19]. This has been studied in patients with
brain diseases, including neurodegenerative diseases
and, to some extent, psychiatric disorders [20-21].
In case of using calcium nanoparticles adjuvant in
both the adult and juvenile groups, the changes
included appearance of necrotic tissue debris and
vacuoles containing dense material.

Morphometric changes in the studied liver revealed
changes in N/C ratio and damaged area and showed a
significant change in both the alum and CAP
nanoparticle adjuvant groups in both adult and
juvenile groups.

The morphometric study of the kidney showed
changes in N/C ratio, which were significant when
using alum adjuvant with adult mice but not significant
with juvenile ones. In contrast, when using CAP
nanoparticle adjuvant, the changes in N/C ratio
were significant with juvenile but not significant
with adult mice.

As regards the morphometric changes that occurred in
the brain, the changes in N/C ratio were significant
when using alum adjuvant with both adult and juvenile
mice. In the CAP nanoparticle adjuvant group, the
changes in N/C ratio were significant when using it in
juvenile mice but not significant with adult mice.

Conclusion

Both adjuvants have pathological effect on the
ultrastructures and the N/C ratio of the cell. The
changes were noticed in the liver, kidney, and brain.
From this study, it becomes evident that further studies
are needed to minimize the pathological effects of the
already used adjuvants and more studies must be

directed to with less

pathological effects.

new pOtCIlt ad] uvants
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