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Abstract

The study aimed to investigate the potential protective effect of bromelain on renal histopathological
changes induced by carbon tetrachloride (CCly) in albino mice. CCly is widely used in the chemical industry
but is also known to cause toxicity to various organs including the brain, liver, kidneys and lungs. In this
study, 49 animals were divided into 7 equal groups. The kidneys of the mice were examined to assess
histopathological changes and immunohistochemical markers, specifically caspase-9. The groups that
received bromelain solution coated with gold nanoparticles demonstrated greater protective effects against
CCly-induced kidney damage. The findings suggest that kidney damage induced by CCl4 may be attributed
to oxidative stress, which disrupts the antioxidant defense system, enzyme function and biochemical
markers. However, administration of bromelain significantly mitigated CCls toxicity by enhancing the
antioxidant defense system and reducing the production of free radicals. Notably, the study found that a
dose of 300 mg of bromelain effectively reduced CCls-induced toxicity in rats. This highlights the potential
therapeutic value of bromelain in protecting against chemical-induced kidney damage.
Keywords: Kidney, Gold nanoparticles, Bromelain, Antioxidant, Anti-inflammatory, Histopathological,

Immunohistochemical

Introduction

Carbon tetrachloride (CCls) belongs to a group of well-known organic compounds called (alkyl
halides) [1]. The kidneys are among the important organs that are exposed to toxicity with this compound,
and this toxicity causes multiple damages after a few days of exposure, including inflammation and fibrosis
of the nephrons, kidney failure and a decrease or absence of urine. After this compound damages the liver,
kidney failure occurs immediately after the 2" week of exposure. This exposure is also accompanied by
protein, sugar and hemoglobin in the urine, and its appearance may cause high blood pressure and acidity
[2,3]. Numerous plants, including the Bromeliaceae family’s Ananas comosus (pineapple), are of great

interest due to their potential as antioxidants. Ananas comosus is mostly grown in equatorial areas around
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the world and is recognized to have a variety of beneficial health advantages, including anti-inflammatory,
anti-cancer and anti-platelet properties. The inexpensive byproduct waste of Ananas comosus is rich in
complex enzymes identified by bromelain, which are crucial for several clinical applications, including
wound healing, tumor growth modulation, anti-inflammatory, anti-diarrhea and digestive aid [4-6].
According to Manosroi et al. [7], bromelain possesses antioxidant qualities that enable it to scavenge free
radicals and stop lipids from oxidizing. Bromelain contains a variety of protease inhibitors, cellulases,
glycoproteins, phosphatases, glucosidase, peroxidases and thiol endopeptidases [8,9]. To develop a material
that prevents degenerative illnesses, it is important to determine antioxidative activity [10]. A quick and
easy method to measure the antioxidant activity of bromelain was to compare its results against the 1,1-
diphenyl-2-picrylhydrazyl radical [11,12].

Just as important as the therapeutic agent selection is how the drug is delivered to the targeted tissues
and cells. The utilization of nanoparticles offers several benefits, particularly in the medical area, despite
the ongoing argument over their cytotoxicity [13]. Due to their special properties, including their small
sizes and large surface areas relative to their size, as well as their ability to readily pass through biological
membranes and barriers to reach hard-to-reach areas, nanoparticles of many types have been used recently
as carriers that aid in the delivery of therapeutic materials [14].

Apoptotic induction is mostly dependent on caspases, which are proteases belonging to the
interleukin-1B-converting enzyme family. Select caspases function as either effector (caspase-3, -6 and -7)
or initiators (caspase-1, -2, -4, -5, -8, -9 and -10) [15]. The intrinsic or extrinsic route mediates apoptosis in
animals. The intrinsic pathway is triggered by cellular stress and activates caspase-9, whereas the extrinsic
pathway is started by ligation of death receptors and activates caspase-8. In these pathways, caspase-3 is a
downstream effector protease [16].

The study’s objectives are to improve the damage caused by carbon tetrachloride poisoning, which is
known for its toxicity, and to develop a dosage technique that relies on loading bromelain on gold
nanoparticles to increase the enzyme’s availability in the body and ensure an increase in effectiveness.
Despite the numerous benefits of bromelain, as evidenced by studies and research, its effectiveness is

limited, as is the case with all plant extracts, due to its low bioavailability in the body.

Materials and methods

Materials and reagents

Carbon tetrachloride, trisodium citrate, bromelain (EC:3.4.22.32) and chloroauric trihydrate
(HauCl4.3H20) were acquired from Sigma-Aldrich (St. Louis, USA). Only reagents of the analytical grade
are used. DIW, or de-ionized water, was used for all reaction and laboratory requirements.

Preparation of the AuNPs and Br-AuNPs

They are mixing 1.0 g of HAuCl4. 3H20 with 250 mL of pure water yields a 10.0 mM stock solution
of gold(IIT) ions. To get the 1.0 mM concentration needed for this experiment, dilute 25 mL of stock with
250 mL. The gold solution (Stoke) was diluted to a concentration of 1 mM [17]. Then, to create gold
nanoparticles, combine the obtained solution with 70 mL of boiling gold solution and 1.4 mL of trisodium
citrate solution. We utilize a ratio of 1:5 to load bromelain, which means that for every milliliter of

bromelain, 5 mL of gold solution are added.

AuNP and Br-AuNP characterization
To measure the absorption spectra, a UV-Vis spectrophotometer (Shimadzu 1900, Japan) operating

at room temperature in the 100 - 1,100 nm range was utilized. FTIR spectroscopy (Shimadzu 1800, Japan)
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was used to identify the functional groups in solutions at wavelengths ranging from 400 to 4,000 cm ™. Two
methods were used to determine the size and shape of the particles: Transmission electron microscopy
(TEM) and scanning electron microscopy (SEM). With the use of Philips (PW1730), an X-ray diffraction
(XRD) analysis was carried out. Measurements of XRD at a 26 angle between 20 and 80 ° [18] were made
using Cu Ko radiation (A = 1.54 A). Zeta potential measurement as a means of forecasting the stability of

chemically produced gold nanoparticles and bromelain-loaded gold nanoparticles.

Preparation of the carbon tetrachloride solution
To produce the solution, 1 mL of concentrated CCL4 was diluted with 3 mL of olive oil in a glass

beaker. The mixture was then thoroughly mixed and allowed to sit at room temperature until needed [19].

Experimental design and animals

The study comprised 49 male Mus Musculus albino mice, aged between 8 and 10 weeks, from Al-
Nahrain University’s Biotechnology Research Center. Seven mouse groups were present: G1, G2, G3, G4,
G5, G6 and G7. G1 was given normal saline on a daily basis, G2 underwent subperitoneal injection of CCly
once a week at a concentration of 0.1 mL/100 g of body weight, G3 received an oral dose of Au-Nps
solution, and G4 received a subperitoneal injection of CCL4. An hour later, the mice were given an oral
dose of 100 mg/kg bromelain solution at a daily dose of 0.1 mL, and G5 was subperitoneally injected with
CCly. After 60 min, the mice received the same oral dosage of 100 mg/kg Au-NPs-Bro, G6 and G7 as
groups 4 and 5, but with a 300 mg/kg bromelain concentration.

Examinations using histopathology and immunohistochemistry

After removing the kidneys fixed in 10 % concentrated in formalin and washing them under running
water, several procedures were carried out by method [20]. A MEIJI light microscope fitted with a high-
resolution Canon digital camera was used to take photos of the slides.

Immunohistochemical staining technique Briefly, 4 mm-thick tissue sections were deparaffinized in
xylene and hydrated by immersing in a graded ethanol series. Antigen retrieval was performed by using
high pH at 95 °C in a water bath for 40 min. Endogenous peroxidase was inhibited by added peroxide black
and incubated for 10 min in a humid chamber. A power block was added and incubated for 10 min humid
chamber. A power block was added and incubated for 10 min in a humid chamber. The primary antibody
was added and incubated for 20 min, the HRP (Horseradish peroxidase) secondary antibody was added and
incubated for 10 min Mayer'4s hematoxylin added for 1 min as counter stain, the slides mounted by cover
slides and be ready to be examined and do scoring (DAKO, USA).

Analytical statistics

The 1-way ANOVA test was used to find significant differences in the averages using the Statistical
Package for the Social Sciences (Version 23) application. The results were presented as (the arithmetic
mean =+ the standard deviation), with the value of the least significant difference being adopted at the level
(p <0.05).

Results and discussion

The hue of HAuCL4.3H,0 changed from light yellow to wine red when a tri-sodium citrate solution
was added to chemically prepare the gold nanoparticle solution. This hue shift, as seen in Figure 1, is
assumed to be the 1% indication that gold nanoparticles are beginning to develop. The color changes of the
solutions might have resulted from differences in the electronic density of the nanoparticles driven by

variations in their diameters [17]. Surface plasmon resonance (SPR), the product of collective oscillation
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of free conduction electrons induced by an interacting electromagnetic field, may account for the visually
noticeable color change that indicates the formation of metal nanoparticles [21].

Figure 1 Illustrates how the color changes as gold nanoparticles are produced.

AuNP and Br-AuNP characterization

UV-visible spectrophotometer

Utilizing the results of UV-visible spectroscopy, bromelain conjugation and AuNP synthesis were
verified. For Bromelain, AuNPs and AuNPs-Bromelain, respectively, 3 peaks with wavelengths of 276,
534 and 550 nm were seen in Figure 2.
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Figure 2 UV-vis analysis of bromelain (BR1), AuNP (BR2) and AuNP-bromelain (BR3).
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The wavelengths in issue are indicative of the colloidal spectrum of gold nanoparticles, which
confirms the presence of gold and the process of generating gold nanoparticles [22].

Fourier transform infrared spectrometer (FTIR)

One of technique used in this study’s characterization part is FTIR. It is used to quantify the intensity
of infrared light as a function of frequency or wavelength and to clearly distinguish chemical structures. As
seen in Figures 3(A) - 3(C), the FTIR analytical instrument may be utilized to determine functional groups
and provide details on covalent bonds. The peaks at frequencies 3,410.18 and 3,653.18, which reflect the
findings of the FTIR analysis of the bromelain solution, demonstrate the presence of the OH groups of
alcohol and phenol molecules. The FTIR analysis of bromelain Br-AuNP-loaded gold nanoparticles is
displayed in Figure 3(B). The absorption peak at frequency 3,305.99 indicates the presence of OH groups
in alcohol and phenol, whereas the absorption peak at frequency 1,535.34 indicates the presence of
secondary amine and amide groups. A bigger peak at 3,271.27 in the FTIR spectra of the generated AuNPs
is characterized as O-H stretching an alcohol band associated with a medium-strong H-bounded vibration,
as seen in Figure 3(C). FTIR analysis is used to investigate the adsorption of organic compounds on metal
oxide nanoparticles [23]. The results presented here are in line with other research [24,25].

Figure 3 FTIR spectra of (a) Bromelain, (b) AuNPs-Bromelain and (c) AuNPs.
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Scanning electron microscopy (FE-SEM) and transmission electron microscopy (TEM)

FE-SEM and TEM pictures of the particle morphology were taken to gain a deeper understanding of
the morphological characteristics of AuNPs and AuNPs-Br. AuNPs had an average size of 18 &= 49.36 nm,
and Figures 4(A) - 4(B) provided FE-SEM images displaying their particle morphologies. Their shape was
round and fairly regular. This accounts for the formation of uniformly formed spherical particles. Smooth,

well-separated structures were generated by the AuNPs [26,27].
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Figure 4 Scanning electron microscopy pictures of (A) AuNPs with a 200 nm scale bar and (B) a histogram

of the particle size distribution.

Br-AuNPs morphological characteristics are displayed in Figures 5(A) - 5(B). The gold nanoparticles
loaded with Br-AuNPs were shown to have a spherical shape and an uneven distribution of particles with
an average size of 46.39 + 75.39 nm. The findings of this investigation align with those of [27], which

created a bromelain-loaded nanolipid formulation intended to treat rheumatoid arthritis.
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Figure 5 Scanning electron microscopic images for (A) AuNPs -Bromelain with scale bar 200 nm and (B)

particle size distribution histogram.

The TEM images of the AuNPs, which have an average size of 7.40 + 15 nm, are displayed in Figures
6(A) - 6(B) and illustrate their well-distributed size and shape. It was noted that the shape of most AuNPs
was spherical, this aligns with [28].
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Figure 6 Transmission electron microscopy analysis for (A) AuNPs with scale bar 15 nm and (B) particle
size distribution histogram.

Research examining the surface morphology of Br-AuNPs produced spherical particles with a size of
43.05 = 110 nm. Some nanostructures (Figures 7(A) - 7(C1)) have sharp edges and triangular forms.
According to reference [27], the TEM image of Br-AuNPs revealed that they were quite large, indicating
that the bromelain had adhered to the AuNP surface.
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Figure 7 (A) - (D) Transmission electron microscopy analysis for (A) - (C) AuNPs-Bromelain with scale
bar 100 nm, (C-1) particle size distribution histogram.

Zeta potentials

Zeta potentials (ZP) of gold nanoparticle bioconjugates (AuNP-bios) provide important surface
charge information for drug delivery, biosensing, and cell imaging, among other applications. High-
frequency ZP measurements (ZPMs) are performed in an alternative electrical field. AuNPs-Bromelain was
discovered to have a zeta potential of +1.2 + 3.0 mV, which is much less than that of unconjugated Au-
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NPs, which showed a zeta potential of +0.1 = 0.4 mV. Given that conjugation includes the addition of extra
carboxylic groups, this suggests that there was no agglomeration of nanoparticles following the procedure.

The results of this study are consistent with the results of the earlier study [29].
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Figure 8 Zeta potential analysis (A) - (C) AuNPs and (D) - (F) AuNPs-Bromelain.

X-ray diffraction

X-ray diffraction (XRD) examination was utilized to investigate the crystalline phases of AuNPs and
AuNPs-bromelain, as shown in Figures 9(A) - 9(B), to determine phase purity and crystal structure. With
JCPDS data file No. 04-0784 as a standard reference, it was determined that the synthesized gold
nanoparticles under examination produced consistent findings when analyzed using X-ray diffraction
spectroscopy at an angle of 20. This implies that the crystalline nature of the produced gold nanoparticles
is present. Face-centered cubic structures are common in crystalline structures. XRD pattern revealed that
AuNPs (Figure 9(A)) were produced by chemical reduction after Au3+ was completely reduced to AuO0.
The observed diffraction peaks at 111.84, 200.31, 202.98 and 311.55 © are in agreement with the acquired
strong peaks (JCPDS, USA) for the standard gold metal (Au0). The results indicate a high degree of
agreement with several earlier research investigations [30-32]. As seen in Figure 9(B), the difference
between the XRD peaks of AuNPs and AuNPs-bromelain shows that bromelain and AuNPs have coupled
to create AuNPs-bromelain. The investigation’s findings demonstrated that bromelain loading did not affect
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the crystal structure of silver nanoparticles. The additional peaks in the X-ray diffraction analysis, according
to study [33] are caused by biomolecules, such as phytochemical components, that are present on the surface
of the nanoparticles. In some samples, stabilizing factors like proteins and enzymes can also cause these

peaks.
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Figure 9 The XRD patterns, (A) AuNPs and (B) AuNPs-bromelain.

Histopathological study

Comparing the kidney sections from albino mice to the control group revealed variations in the
capacity of bromelain solution and AuNPs-Bro to completely remove the harmful effects of carbon
tetrachloride. The control group showed normal cytoarchitecture of glomeruli and renal tubules (Figure
10(A)). The 2" group showed degeneration of renal tubules and focal interstitium thickening associated
with congestion and infiltration of leukocytes (Figure 10(B)). The 3™ group showed revealed mild renal
congestion, and the magnified figures showed mild vascular congestion of glomerular tufts, mild tubular
cast formation and little inflammatory infiltration (Figure 10(C)). The 4" group revealed a normal
appearance of glomeruli with mild vascular congestion, per vascular lymphocytic cuffing and normal
interstitium (Figure 10(D)). The 5" group revealed the normal appearance of the cytoarchitecture of
glomeruli, renal tubules and renal interstitium (Figure 10(E)). The 6" group revealed that the renal cortex
and medulla showed marked glomerular congestion with severe vascular degeneration with necrosis of
lining cells of all segments of renal tubules (Figure 10(F)). The 7 group showed the renal cortex and the
medulla showed normal glomeruli and segments of renal tubules (Figure 10(G)).

In this investigation, renal damage was induced by administering CCls, a hepatotoxin and nephrotoxin
that has also been demonstrated to have toxic effects on the kidney in addition to the liver [34,35]. These
papers claim that the cytochrome P450 enzyme converts CCly to CCl; and CCl30,, which causes CCly-
induced liver damage. Cell damage is brought on by these very reactive free radicals. However, it is still
unclear how CCls causes kidney damage [36]. The kidney examination of the prebiotic and carbon
tetrachloride group proved the renal-protective effect of prebiotics on the nephrotoxicity of carbon
tetrachloride. Ozturk et al. [35] discovered that pretreatment with betaine reduced the substantial
glomerular and tubular changes in the renal cortex that were widely generated by subcutaneous injections
of CCls to rats at daily dosages of 1 mL/kg for 7 days. According to Dogukan et al. [34], continuous
treatment of CCls (0.15 mL/kg, sc, in olive oil) for 7 weeks at a time in rats resulted in varying degrees of
tubular and glomerular alterations, interstitial mononuclear cell proliferation and kidney fibrosis.

Due to its anti-inflammatory effects, bromelain delivery along with CCL4 improved lipids and protein

levels. This is consistent with [37] studies in rats treated with high doses of lead-generated dyslipidemia,
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which was relieved by stem bromelain therapy. Due to its antioxidant action, administration of bromelain
protects kidney function biomarkers as well as enzyme activities from CCly-intoxication as demonstrated
by a considerable restoration compared to the CCl4 treated group.

While bromelain had a protective effect at high dosages of 100 and 300 mg, the present study found
that mice injected with a bromelain solution loaded with gold nanoparticles exhibited a superior protective
effect.

Figure 10 (A) normal appearance of glomeruli (red arrows), renal tubules (black arrow) and normal
interstitum, H & E 400x%. (B) degeneration of renal tubules (red arrows) and focal interstitum thickening
associated with congestion and infiltration of leukocytes (black arrow), H & E stain 40%. (C) mild vascular
congestion of glomerular tufts (red arrows), mild tubular cast formation (black arrows) and little
inflammatory infiltration (blue arrow). (D) normal appearance of renal tubules (black arrow), mild vascular
congestion (MVC), and per vascular lymphocytic cuffing (red arrow). (E) normal glomerulus (red arrows),
and normal tubules (red arrows). (F) congested glomerulus (black arrow) and vascular degeneration of
lining epithelial cells of renal tubules (red arrows), H & E stain 400%. (G) shows normal glomerulus (black

arrow) and normal renal tubules (red arrow), H & E stain 100x.
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Immunohistochemical study

Caspase-9 immunohistochemical results in kidney

The immunohistochemical study showed the cell membrane of kidney tissue sections of mice positive
expression of caspase-9 with varying intensity, with a weak score of +2 for control animals negative and
varying scores +2 - +3 in other treatment totals Table 1.

The present study focused on the assessment of Au-NPs-Bro treatment outcomes for treating CCls-
induced nephropathy, by evaluating kidney functions, caspase-9. The current in vivo study treatment of
CCls produced nephropathy, as evidenced by modifications to biochemical parameters, histological
alterations and molecular expression changes. One important role that caspases, a class of proteases,
perform in programmed cell death [38]. CCls caused oxidative stress, on the mitochondria. This stress
enhanced the intrinsic route of apoptosis by upregulating the expression of Bcl2 mRNA and reducing the
level of caspase-9 mRNA [39].

The results of [40] investigation showed that, when CCls (GPIII) was used instead of GPI to stimulate
Bcl-2 mRNA expressions in rat liver and kidney tissue, the expression of caspase 9 mRNA was higher in
GPIII than in GPI. The reduction in Bcl-2 expression mRNA stimulates the release of cytochrome ¢ from
mitochondria into the cytosol, which stimulates the expression of caspase-9 mRNA regulation for activating
apoptotic processes through the liver and kidney tissue’s cytoplasm and membranes.

In comparison to the control group, there was an increase in caspase-9 expression in the groups that
received doses of carbon tetrachloride, gold nanoparticle solution and 100 mg of bromelain solution. These
observations suggest that apoptosis was present. The study’s findings showed that the groups who received
a 300 mg dosage of bromelain solution had a decrease in apoptosis.

Table 1 Expression of caspase-9 in all the cells except the nucleus of kidney tissue of albino mice.

Groups Score of Caspase-9
Control group +2 N all the cells except the nucleus
CCL4 solution +3 N all the cells except the nucleus
Gold nanoparticles solution +3 all the cells except the nucleus
CCL4 + Bromelain 100 mg +2 all the cells except the nucleus
CCL4 + Bromelain 100 mg loaded with
] +3 all the cells except the nucleus
the nanoparticles
CCL4 + Bromelain 300 mg +2 all the cells except the nucleus
CCL4 + Bromelain 300 mg loaded with
+2 all the cells except the nucleus

the nanoparticles
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Figure 11 (A) section of the kidney control showed positive (+3) (black arrow) (IHC.40X) (G1). (B) section
of the kidney control showed positive caspase-9 (+3) (black arrow) (IHC.40X) (G2). (C) section of the
kidney treated by AuNps showed (IHC) score (+3) (IHC.40X) (G3). (D) section of the kidney treated by
CCL4 + Bromelain 100 mg showed (IHC) score (+2) (IHC.40X) (G4). (E) section of the kidney treated by
CCL4 + Bromelain 100 mg loaded gold nanoparticles showed (IHC) score (+3) (IHC.40X) (GS5). (F) section
of the kidney treated by CCL4+Bromelain 300 mg showed (IHC) score (+2) (IHC.40X) (G6). (G) section
of the kidney treated by CCL4+Bromelain 300 mg loaded gold nanoparticles showed (IHC) score (+2)
(IHC.40X) (G7).
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Conclusions

The findings of this study suggest that kidney damage from carbon tetrachloride can occur through
oxidative stress, altering the antioxidant defense system, enzyme function and biochemical markers.
Therefore, by improving the state of the antioxidant defense system and reducing the production of free
radicals, bromelain dramatically decreased the toxicity of CCL4. For rats given carbon tetrachloride
injections, the 300 mg bromelain solution proved more efficacious than the 100 mg dose. The microscopic
studies revealed that the treatment with bromelain Loaded on AuNPs has been shown to reduce cellular

damage in the liver and kidney of albino mice tissues.
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