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Background: Recently, several studies demonstrate the possible role of zinc oxide (ZnO) in

the protection of several skin diseases, but less is known about the role of ZnO nanoparticles

in the inflammatory skin disease. So, this study was designed to confirm the pivotal role of

the nano zinc oxide cream in the alleviation of lead oxide (PbO) induced-allergic dermatitis

in rats.

Materials and methods: Two concentrations (1% and 6%) of ZnONPs creams were

prepared and characterized prior to being used in the study. A total number of 30 male

Wistar rats were randomly divided into six groups. Group 1 (negative control), groups 2&3

(either 1% or 6% ZnONPs control groups), group 4 (PbO), groups 5&6 (co-treatment of each

ZnONPs concentration+PbO). All rats in different groups were observed daily to determine

the severity of dermal gross lesions. Histopathological studies, mRNA analysis, and oxida-

tive stress evaluations were performed on the affected skin tissue. Immunohistochemical

studies were performed to evaluate the expression of cluster of differentiation CD4, CD8 and

intercellular adhesion molecules ICAM-1 in different groups.

Results: PbO caused extensive skin oxidative damage manifested by a significant increase in

MDA level with a decrease in GSH content and CAT activity. The results of histopatholo-

gical and immunohistochemical examinations revealed that topical application of PbO for 14

days led to severe allergic dermatitis with remarkable elevations in the number of CD4+

T-helper, CD8+ T-cytotoxic lymphocytes, and ICAM-1 expression. On the other hand,

noticeable improvements were recorded in all the previous toxicopathological parameters

among the groups treated by either 1% or 6% ZnO-NPs cream. However, the best results

were observed in the group treated with 1% ZnO-NPs cream.

Conclusion: Our findings suggest that 1% of ZnO-NPs cream is safe when applied topically

on the inflamed skin. Moreover, it had anti-inflammatory and antioxidant effects so that, it is

recommended to use the 1% ZnO-NPs cream to avert the dermal toxicity-induced by PbO.

Keywords: skin, nanoparticles, histopathology, immunohistochemistry, oxidative stress,

collagen gene

Introduction
Lead is considered one of the most global, cumulative occupational and environ-

mental pollutants that affect all the biological systems through exposure to air, water,

and food sources.1,2 The exposure to lead initials severe clinical changes through

systemic and dermal toxicity.3 Lead can cause toxic health effects through inhalation,

ingestion, and skin contact.4 Skin contamination by dust containing lead and other
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toxic metals is not generally regarded by researches as the

hazardous risk through dermal penetration. Little experi-

mental studies were conducted on the dermal toxic effect

of lead paints on workers or experimental animals.5 Lead is

attributed to the induction of oxidative stress by elevation of

reactive oxygen species (ROS) such as lipid peroxide,

hydroxyl radical and hydrogen peroxide and superoxide

radical.6 However, exaggerated ROS production happens

in various pathologic things as hematopoietic stem cell

apoptosis,7 cell membrane injury,8 interferes with DNA

transcription, enzymes that facilitate within the synthesis

of vitamin D, and enzymes that maintain the integrity of

the cell membrane.9 Lead interferes with the metabolism of

bones and teeth and alters the permeability of blood vessels

and collagen synthesis.10 Collagen is the most extensive

protein within the extracellular matrix of skin that imparts

the dermis tensile properties. Collagen is responsible for

structure, stability, and strength, especially within the der-

mal layers.11 About one-half of the total human body col-

lagen is present in the skin, being mostly collagen type I.12

The degradation of type I collagen is initiated by matrix

metalloproteinases-1 (MMP-1) and enhanced by over ROS

production.13 Several researchers reported that high concen-

trations of lead acetate or lead oxide delayed the synthesis

of collagen fiber.14,15

Dermal toxicity induced by topical application of lead

oxide thought-about as a sort of T-cell mediates delayed-

hypersensitivity reactions in the form of allergic contact

dermatitis.16 Pathologic process of allergic dermatitis

(AD) is divided into a pair of phases: sensitization, and

elicitation phases. Through-out the sensitization phase, the

epicutaneously applied hapten is obsessed and processed

by epidermal Langerhans cells, and presented to naive

T cells within the draining lymph nodes then, convert to

hapten-specific T cells. During the elicitation phase, re-

application of the same hapten ends up in the achievement

of hapten-specific T cells that react to the hapten given by

Langerhans cells, release cytokines and chemokines which

attract different inflammatory cells chiefly mast cells

and eosinophils.17–19 T cells either T helper cells or

T-cytotoxic cells are thought to play a significant role

within the pathologic process of AD.20–22 A typical feature

of AD is that the category of the switch from Th2 kind

immunity within the acute phase toward Th1 throughout

the chronic phase.23 In the acute phase, infiltration of

T cells and eosinophils into the dermis may be ascertained

in parallel with the release of Th2 kind cytokines IL-4 and

IL-13.24,25

Nanotechnology has shown a tremendous and rapid

growth related to their broad applications in many fields,

like electronics, cosmetics, food industry, and medicine.

Metal nanoparticles (NPs) and their oxides have a consid-

erable number of present and future applications in the

medical and industrial fields. The smaller size and unique

Figure 1 (A) X-ray powder diffraction (XRD) pattern of the synthesized ZnO nanoparticles. (B) high-resolution transmission electron microscopic (HRTEM) images of zinc

oxide nanoparticles.
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properties of NPs have substantially improved their

application.26 ZnO is well-known and widely used metal

oxides in several numerous products like paints, coatings

and cosmetics product like sunscreens thanks to their

anti-inflammatory, antioxidant, antimicrobial or UV ray

protecting properties.27,28 The raised utilization of this

material stems from the issue related to the bulk-sized

inorganic ingredients that were employed in the older

generations of the product. The poor dispersion quality,

opaqueness and comedogenic properties of non-nanoscale

ZnO have inspired makers to boost their productivity by

reducing the dimension of the particles.29 Nowadays,

sunscreens are one in all few nanomaterial-containing

products to which individuals are intentionally exposed.30

Topical exposure to various nanoparticles, particularly

ZnO-NPs, and therefore the penetration of them into the

contact skin has been antecedently investigated; but, the

results of the studies are somewhat contentious. What is

more, there is a scarcity of information regarding the effect

of ZnO-NPs on injured or inflamed skin. Once taking

under consideration the high prevalence of dermal toxicity

especially allergic dermatitis, there’s some concern regard-

ing whether or not concentration-dependent ZnO-NPs will

cause hazard once applied repeatedly onto the injured and

inflamed skin. The aim of the current study was to analyze

the protecting effects of local application of two different

concentrations of nano-ZnO cream (1% and 6%) against

lead-induced allergic dermatitis in a rat model.

Materials And Methods
Chemicals And Reagents
Lead paint (red lead) used as a source of lead oxide and

was purchased from the paint market. Zinc sulfate hepta-

hydrate (zinc precursors), sodium hydroxide pellets and

other chemical were purchased from Sigma-Aldrich, St.

Louis, MO, USA, Chemical Company. CD4 primary anti-

body, CD8 primary antibody, ICAM-1 primary antibody as

well as peroxidase block and DAP kit purchased from

Abcam, Ltd., USA.

Preparation Of Nanosized Zinc Oxide

Cream
Zinc oxide nanoparticles (ZnO-NPs) were synthesized by

the precipitation method.31 In the typical procedure,

5.4875g of zinc sulfate heptahydrate was dissolved in 50

mL of deionized water (Milli-Q, Millipore, USA) and then,

2g of sodium hydroxide in 50 mL of deionized water was

added dropwise under magnetic stirring for 30 min. The

precipitates were filtered and washed by pure water several

times. Then, obtained precipitates were dried at 60°C for 24

h and claimed at 400°C for 2 h. The cream base was

prepared according to the previous study32 and was used

as a vehicle for ZnO-NPs. Briefly, Stearic acid (25%), cetyl

alcohol (2%), and glycerol (12%) were taken into a porce-

lain dish and melted at 70°C (oil phase). The aqueous

phases of potassium hydroxide (2%), propylparaben

(0.05%), methylparaben (0.1%), and water (58.85%) were

taken into another porcelain dish and heated at 70°C. The

aqueous phase was added to the oil phase with continuous

stirring at 70°C till complete saponification. The prepared

ZnO nanocrystals were added to the prepared cream by

mixing in a morter at a concentration of 1% and 6%.

Characterization Of Nanoparticles
The crystalline and phase structure of the synthesized ZnO

was studied by an X-ray diffractometer (XRD, X’Pert Pro,

PanAlytical, Netherlands). The morphology and size were

determined by the transmission electron microscopy (TEM,

Tecnai G20, FEI, Netherlands). All the Preparation

and characterization processes were conducted at

Nanotechnology and Advanced Materials Central Lab

(NAMCL), Agricultural Research Center, Egypt.

Animals And Experimental Design
All procedures were conducted in accordance with the

guidelines contained in the guide for the care and use of

laboratory animals. The protocol was approved by the

Veterinary Institutional Animal Care and Use Committee

at Cairo University (VetCU0722019061), Cairo, Egypt.

Thirty male albino Wistar rats weighing 170-200gm were

obtained from the department of veterinary hygiene and

management’s animal house, faculty of veterinary medicine,

Cairo University. All animals were housed in plastic cages

(5 rats/cage) in a well-ventilated environment and received

a daily illumination of 12 hrs of light. They were fed on dry

commercial standard pellets and gain access to tap water

ad- libitum throughout the experimental period. They were

acclimatized to the environment for 2 weeks prior to the

onset of the experiment to ensure their healthy state.

Rats were randomly assigned into six groups (n=5) as

in Table 1. Group (1) was kept as negative control and

applied only sterile normal saline topical on the skin every

alternate day for 14 days. Groups (2&3) received 1% and

6% nanosized zinc oxide (ZnO-NPs) cream locally on the

skin after hair removal, daily for 14 days. Group (4)
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received 10% red lead or lead oxide (PbO) topically on the

skin after hair removal, daily for 14 days. Groups (5&6)

were given both ZnO-NPs cream and PbO topically on the

skin. Two different concentrations of ZnO-NPs were

selected according to a previous study.33 The cream base

control group was not incorporated in the experimental

design because the assessment of the irritation induced

by the cream base on the intact skin was previously done

and showed neither erythema nor edema, indicating that

this cream base not irritant to the skin of animals.32

Gross Evaluation Of Dermatitis Severity
The degree of severity of dermatitis was determined

grossly based on the presence of erythema, edema,

ulcer/erosion, and dryness/scaling/crusting then evalu-

ated according to the severity index scoring system

described by Young et al,34 Skin lesions on the back

(area of the topical application of the used materials)

were scored based on the presence of clinical symp-

toms as follows: none=0, mild=1, moderate=2, and

severe=3.

Histopathological Studies
10% neutral buffered formalin-fixed paraffin-embedded

skin tissue samples were sliced into 4.5μm sections. The

sections were stained with H&E for histopathological

examination.35 Toluidine blue and Congo red stain were

used as needed for determination of mast cells and eosi-

nophils respectively.

Skin tissue sections were assessed for epidermal edema

(spongiosis and vacuolar degenerations), epidermal hyper-

plasia, dermal edema, and inflammation using the follow-

ing scoring system: none (-), mild (+), moderate (++),

severe (+++) skin tissue damage.36

Morphometric studies applied to measure the full skin

thickness in different groups, as well as the number of

mast cells (toluidine blue positive cells) and eosinophils

(Congo red positive cells) per high power field, were

calculated. Cells were visually counted in a random fash-

ion throughout the whole skin tissue sections using 400X

magnification. A total of 10 high power fields were used

from each skin tissue sections (5 sections representing 5

rats per group).

Immunohistochemical Studies
The deparaffinized and dehydrated slides were quenched

in 3% hydrogen peroxide to neutralize endogenous perox-

idase activity, then washed in PBS-T, and blocked in 1%

bovine serum albumin. Slides were incubated with primary

antibody against CD4 (cluster of differentiation) or CD8 or

ICAM-1 (intercellular adhesion molecule-1)at 1:400 dilu-

tions overnight at 4°C. The slides were washed and incu-

bated with secondary antibody for 1 hr at room

temperature. Slides were washed and immediately treated

with DAB chromogen substrate for 5 mins, then counter-

stained in Hematoxyline, and rinsed in deionized water.

Slides were then rehydrated in alcohol and Xylene, dried,

and mounted on a DPX mounting medium then examined

under a light microscope to evaluate the severity of gene

expressions.

CD4+, CD8+, and ICAM-1 immunopositivity were

analyzed using Image J software. Morphometric results

were determined as the percentage of specific positive

area in relation to the total counted area and expressed as

mean ±SD.

Reverse Transcriptase And Quantification

Of Collagen Type-I Gene Expression
The isolation of total RNA from the skin tissue of different

experimental groups (50 mg) was performed according to the

manufacturer protocol of the RNeasyR tissue mini kit

(Qiagen). Both the quality and amount of the extracted

total RNA were checked using a NanoDrop 1000

Spectrophotometer. The cDNA was synthesized using the

first-strand cDNA synthesis kit (Fermentas, Life Sciences).

The cDNAwas then used in the real-time PCR step that was

performed usingBioEasySYBRGreen IReal-Time PCRKit.

PCR amplification consisted of 45 s at 94 °C, 45 s at 59 °C,

and 45 s at 72 °C for 40 cycles. Transcript levels were

normalized to those of glyceraldehyde 3-phosphate dehydro-

genase (GAPDH) the primer sequence for GAPDHwas used

Table 1 Experimental Design

Groups Drugs Route/day Durations

1 Normal saline Dressing 14 d

2 1% ZnO NPs cream Topical 14 d

3 6% ZnO NPs cream Topical 14 d

4 10% PbO Dressing 14 d

5 1% ZnO NPs cream + 10%

PbO

Topical

Dressing

14 d

14 d

6 6% ZnO NPs cream + 10%

PbO

Topical

Dressing

14 d

14 d

Notes: saline, ZnONPs and PbO were applied daily on the skin of rats in different

groups

Abbreviations: ZnO-NPs, zinc oxide nanoparticles; PbO, lead oxide.
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as reported by Morgan et al37. Collagen type I gene forward

and reverse primer were F AACAAGGGAGGAGAGAGT

GC; R AGTCTCTTGCTTCCTCCCAC. PCR specificity

was verified by melting curve analysis. All samples were

analyzed in duplicate, and relative gene expression was cal-

culated by the 2−ΔΔCt method.

Oxidative Stress Evaluations
The prepared skin tissue homogenates were evaluated for

Lipid peroxide content by quantifying the thiobarbituric

acid reactive substances (TBARs) level according to the

method described by Yoshioka et al,38 Determination of

reduced glutathione (GSH) content was performed accord-

ing to Ellman,39 as well as Catalase (CAT) activity as the

antioxidant enzyme, was assessed according to the method

of Aebi,40 using commercial kits (Biodiagnostics, Cairo,

Egypt).

Statistical Analysis
Statistical analysis was performed utilizing SPSS version

16.0 software (SPSS Inc., Chicago, IL, USA). Data were

expressed as means ± significant difference (SD).

Comparison of means was performed by one-way analysis

of variance (ANOVA) followed by independent test. A

value of P≤ 0.05 was considered a statistically significant

difference according to the method described by Hassanen

et al.41

Results
Characterization Of The Prepared

Nanoparticles
X-Ray Diffraction (XRD)

A typical powder XRD pattern of a synthesized nan-

ometer-sized zinc oxide powder has been presented in

Figure 1A. The XRD of the synthesized zinc oxide showed

broad peaks at 2 theta values of 31.77°, 34.4°, 36.26°,

47.54°, 56.60°, 62.86°, 66.38°, 67.95°, 69.09°, 72.57°,

and 76.97° which were typical for the zinc oxide structure.

The peak positions were in good agreement with the

JCPDS (5–0664). The main (h k l) indices for nan-

ometer-sized ZnO: ((100), (002), (101), (102), (110),

(103), (200), (112), (201), (004), and (202).

High-Resolution Transmission Electron Microscopy

(HR-TEM)

The TEM analysis confirmed the presence of nearly sphe-

rical shaped morphology with the diameter between 13

and 23 nm (Figure 1B).

Gross Pathology Of Dermatitis In

Different Groups
The macroscopic observation of the skin revealed skin

inflammation in the group exposed to lead oxide only start-

ing from one week from the initial application. The onset of

skin inflammation appeared as mild erythema and edema

then the back skin thickened and showed severe erythema,

hemorrhage, erosions, ulceration, and crusting formation

after two weeks. The dermatitis score reached the maximum

levels in all parameters (score ≈ 3) in this group. On the

other hand, rats treated with ZnO-NPs cream either with

low (1%) or high (6%) concentration ameliorated the skin

lesions but, the better improvements observed in low con-

centration (1%) of ZnO-NPs (score ≈ 1). The previously

observed skin lesions progressively worsened after 2 weeks

from the initial treatment. Whereas, rats treated with 6%

ZnO-NPs (score ≈ 2) were showed minute foci of ulceration

as well as moderate skin thickening.

Histopathological Examination
Microscopic examination of skin tissue sections in rats from

the control group and groups treated with nano-zinc oxide

cream either with low 1% or high 6% concentration were the

same and revealed normal skin thickness (Figure 2A) with

normal histology (Figure 2B and C). On the other hand, skin

tissue sections in rats exposed to lead oxide revealed severe

sub-chronic allergic dermatitis with a high score in all of the

observable lesions as showed in the Table 2. There was

epidermal hyperplasia characterized by increasing epidermal

thickness associated with acanthosis, parakeratosis, and

hyperkeratosis (Figure 2D). Multiple pustules containing

neutrophils also observed in the sub-corneal layer in addition

to epidermal kerato-acanthosis and keratocysts. Epidermal

edema in the form of spongiosis (intercellular edema) and

epithelial vacuolar degeneration (intracellular edema) was

recorded (Figure 2E). There was thickening in the dermal

layer associated with severe congestion, edema, hemorrhage,

inflammatory cells infiltration mainly lymphocytes and neu-

trophils especially at the perivascular area (Figure 2F). There

was a remarkable improvement in the skin lesions in rats

treated with ZnO NPs either when applied topically with low

or high concentrations. However, the most ameliorative

effects recorded in rats treated with 1% ZnO NPs. There

was a significant decrease in the full skin thickness in all

ZnO NPs treated rats when compared with lead oxide

exposed group (Figure 2G and J). Epidermal layer showing

normal histology neither crust nor inflammatory cells
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infiltration were observed (Figure 2K) except for those trea-

ted with 6% ZnO NPs showed minimum vacuolar degenera-

tion in the stratum spongiosis (Figure 2H). There was a

remarkable reduction in the dermal inflammatory cells infil-

trations in rats treated with 1% ZnO NPs (Figure 2L) but still

present in those treated with 6% ZnO NPs and associated

with moderate congestion and edema (Figure 2I).

Toluidine blue and Congo red staining were performed to

recognize mast cells and eosinophils respectively (Figure 3).

The result revealed that the number of toluidine blue positive

Figure 2 Histopathological alterations in the skin tissue sections of rats in different groups. (A-C) Skin of rats in control groups showing normal epidermal and dermal

layers. (D-F) Skin of rats treated with PbO showing, (D) increasing skin layer thickness, (E) epidermal hyperplasia (arrow), vacuolar degenerations, and hyperkeratosis

(arrowhead), (F) Severe dermal congestion (arrow), edema and inflammatory cells infiltration especially around blood vessels (arrowhead). (G-I) Skin of rats treated with

both PbO and 6% ZnO NPs showing, (G) Normal skin thickness, (H) Epidermal vacuolar degeneration (arrow) with dermal edema (star), (I) Moderate dermal edema with

mild congestion (arrow). (J-L) Skin of rats treated with both PbO and 1% ZnO NPs showing, (J) normal skin thickness, (K) normal epidermal and dermal histology, (L) mild

dermal edema (star) with minimum inflammatory cells infiltrations (arrow) (H&E staining for all figs).

Table 2 Scoring Of The Histopathological Lesions In The Skin Tissue Sections

C –ve 1%ZnO NPs 6%ZnO NPs PbO PbO+ 6%ZnONPs PbO+ 1%ZnONPs

Epidermal edema – – + +++ + –

Epidermal hyperplasia – – – +++ + _

Dermal edema + + + +++ ++ +

Dermal inflammation – _ + +++ + +

Notes: (-) no, (+) mild, (++) moderate, (+++) severe histopathological alterations

Abbreviations: ZnO-NPs, zinc oxide nanoparticles; PbO, lead oxide.
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mast cells and Congo red positive eosinophils were increased

markedly in lead oxide exposed group. The number of both

mast cells and eosinophils also reduced in rats treated with

either 1% or 6% ZnO-NPs Table 3.

Immunohistochemical Studies
Immunohistochemical staining was performed to analyze

different T-cell types and intercellular adhesion molecule-1

(ICAM-1) gene expression in skin tissue sections in different

groups (Figure 4 and Table 4). The number of CD4+ and CD8

+ T- lymphocytes were remarkably induced in rats exposed

to lead oxide, while reduced in those treated with either 1%

or 6% ZnO-NPs. There were also marked ICAM-1 gene

expression among dermal leukocytes and endothelial cells

lining dermal blood vessels. On the other hand, we observed

that ICAM-1 gene expression in the dermal layer decreased

Figure 3 Toluidine blue and Congo red staining of the skin lesions. (A-B) Skin of rats in control groups showing minimum mast cells (arrow) (A) and eosinophils (arrow) (B)
in the dermal layer. (C-D) Skin of rats treated with PbO showing, (C) marked mast cells infiltrations (arrow) in the dermis especially around dermal blood vessels. (D)

minimum dermal eosinophils (arrow) with marked dermal eosinophilia (star), note: epidermal hyperplasia. (E-F) skin of rats treated with both PbO and 6% ZnO NPs show,

(E) A moderate amount of mast cells (arrow) in the dermis. (F) the minimum amount of eosinophils (arrow) in the dermis. (G-H) skin of rats treated with both PbO and 1%

ZnO NPs showing minimum mast cells (arrow) (G) and eosinophils (arrow) (H) in the dermal layer.
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dramatically after treatment of rats by 1% nano-zinc oxide

cream and still high, but not significant, in rats treated with

6% nanosized zinc oxide cream.

Reverse Transcriptase (RT) And

Quantification Of Collagen Type I Gene

Expression
The effect of lead oxide and zinc oxide nanoparticles on

collagen gene expression level in the skin was

demonstrated in Figure 5A. According to the present

study, lead oxide-exposed rats up-regulate the expression

level of the collagen gene compared to the control group

by more than 3 folds. Different doses of nano zinc-induced

significant down-regulation of collagen expression in skin

tissue by 78% in 6% nano zinc and 82% in 1% nano zinc

compared to lead oxide intoxicated group. Co-administra-

tion of nano zinc oxide cream reduced the up-regulation of

the expression of the collagen gene as compared to lead

Table 3 Morphometric Studies Of The Histopathological Lesions Of The Skin Sections In Different Groups

C –ve 1%ZnO NPs 6%ZnO NPs PbO PbO+ 6%ZnONPs PbO+ 1%ZnONPs

Mean skin thickness (um) 260±5 279±3.5 290±5 590±6.5* 345±3.5* 275±4

TB+ cells (cells/field) 5±1.2 8±0.3 5±0.1 49±2.5* 25±3* 7±1.5

CR+ cells (cells/field) 5±1 8±1.3 8±0.5 55±3.5* 20±1* 8±1.5

Notes: Values are presented as mean ± SD, ⃰ means a significant difference from the control group at P ≤ 0.05.

Abbreviations: TB, Toluidine blue stain; CR, Congo red stain; ZnO-NPs, zinc oxide nanoparticles, PbO: lead oxide.

Figure 4 Immunohistochemical staining of the skin tissue sections showing mild to negative CD4, CD8 and ICAM-1 gene expression among the skin tissues in control

groups (A, B, C). A marked increase in a number of cells expressed CD4, CD8 and ICAM-1 among dermal and epidermal layers observed in the group received lead oxide

(D, E, F). Moderate reactions of the above gene expression among the skin tissue sections in 6%ZnO NPs pretreated rats (G, H, I). Mild to negative gene expression among

the skin tissues in 1%ZnO NPs pretreated rats (J, K, L) (IHC X200 for all figs).
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oxide exposed rats indicating the beneficial effect nano

zinc oxide cream against lead dermal toxicity.

Oxidative Stress Evaluations
Skin oxidative and antioxidative parameters in different

groups were summarized in fig (5B, C&D). Significant

lower values concerning catalase activity and reduced

glutathione level in addition to significantly higher values

of MDA level were observed in the lead-exposed group.

The topical application of nano-ZnO cream either 1% or

6% showed nearly similar values of the previous para-

meters compared to the control group. The application of

the protector ZnO-NPs cream 1% and 6% before lead

exposure significantly increased catalase activity and glu-

tathione level when compared with the lead-exposed group

and significantly reduced the level of MDA.

Discussion
Several studies report both in-vivo and in-vitro skin pene-

tration of lead salts and confirmed that Pb concentrated in

the stratum corneum of the skin but absorbed to the blood

with low levels and maybe aggregated to other organs.42

Although, lead absorption via dermal route is still clear

until now but may cause several hazards especially for

paint workers. Our results reported that CAT activity and

GSH contents lowered in lead oxide exposed rats, while

the MDA level extensively increased. Many mechanisms

explained this finding including the generation of ROS,

reducing the antioxidant defense system of cells via

depleting glutathione, interfering with some essential

metal, inhibiting sulfhydryl dependent enzymes or antiox-

idant enzymes activities or increasing susceptibility of

cells to oxidative attack by altering membrane integrity

and fatty acid composition.43 Vaziri et al,44 reported that

lead has an inhibitory effect on CAT activity which is one

of the antioxidant enzymes involved in the prevention of

lipid peroxidation. Schwartz et al,45 founded a decrease in

Table 4 Mean %area Of The Immunopositivity Of Different

Immunohistochemical Markers In Different Groups

Control PbO PbO+ 6%ZnO

NPs

PbO+ 1%ZnO

NPs

CD4 5±0.3 25±1.5 ⃰ 5±1.1 7±2.5

CD8 1±0.0 45±2.2 ⃰ 15±0.5 8±2.6

ICAM-1 1±0.0 30±1.3 ⃰ 20±0.7 ⃰ 5±3.5

Notes: Values are presented as mean ± SD, ⃰ means a significant difference from

control negative groups at P ≤ 0.05.

Abbreviations: CD, cluster of differentiation; ICAM-1, intercellular adhesion

molicules-1; ZnO-NPs, zinc oxide nanoparticles, PbO: lead oxide.

Figure 5 Relative mRNA gene expression of collagen type I (A), serum levels of MDA (B), CAT (C), and GSH (D) in the skin of rats in different experimental groups.

Notes: Values are presented as mean±SD, a: Significant from the control group at P≤0.05, b: Significant from PbO group at P≤0.05.
Abbreviations: ZnO-NPs, zinc oxide nanoparticles, PbO, lead oxide, MDA, malondialdehyde, CAT, catalase, GSH, reduced glutathione.
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GSH and an increase in oxidized glutathione (GSSH)

concentration in lead treated rats. In agreement with our

results, it was observed that a level of total glutathione was

significantly reduced while MDA level (lipid peroxidation

biomarker) was significantly elevated in lead-exposed

rats.46

Macroscopic and microscopic examinations were per-

formed in the skin tissue sections and revealed that the

topical application of red lead (lead oxide) to the skin of

rats for 14 days leading to severe allergic dermatitis mani-

fested macroscopically by skin swelling, redness, and

ulcerations. The gross lesions examined microscopically

and showing severe epidermal hyperplasia accompanied

by vacuolization, dermal edema, and inflammatory cells

infiltrations especially mast cells and lymphocytes. Our

results are in agreement with several studies which con-

firmed that lead oxide considered as one of the most sys-

temic toxicants that are known to induce skin and multiple

organ damage, even at lower levels of exposure.63,64

Histopathological lesions observed in rats received lead

oxide may be related to oxidative damage induced by

local administration of lead oxide to the skin as discussed

previously.

Our study revealed an increase in the number of tolui-

dine blue positive mast cells with a marked increase in

Congo red positive eosinophils in the epidermal and der-

mal layers of the skin of rats administered lead oxide.

Traditionally, allergic dermatitis is connected with the

presence of mast cells and anaphylactic response. Mast

cells are a key factor in the inflammatory and allergic

cascade during the course of allergic dermatitis.47

Several studies demonstrated that eosinophils also play a

major role in the pathogenesis of allergic dermatitis.48

Apart from mast cells and eosinophils, other components

of the skin immune system such as T cells play an impor-

tant role in the course of allergic dermatitis.49,50 CD4 is

expressed in T-helper cells and is found in approximately

80% of thymocytes and in 45% of peripheral blood

lymphocytes.51,52 CD8 has been shown to be an important

marker in the analysis of T-cell mediated inflammatory

dermatoses. CD8 can be used in panels with CD4 to aid

in identifying subsets of inflammatory skin diseases.53

Although allergic dermatitis has classically been consid-

ered a disease induced by Th2 CD4+ T cells, more recent

findings have suggested a pathogenic role for CD8+

T cells.54,55 In acute and subacute lesions of allergic der-

matitis, there is a significant increase in the number of

cells expressing CD4 and CD8 in dermis and

epidermis.56,57 Those mentioned our findings that the

numbers of CD4+ and CD8+ T- lymphocytes were remark-

ably induced in rats exposed to lead oxide.

The present study demonstrates that lead oxide-induced

up-regulation of collagen type I gene expression on the

skin tissue. Type I collagen is a major extracellular matrix

component in the dermis. It is believed that transforming

growth factor-β1 (TGF-β1)/Smad pathways play key roles

in type I collagen synthesis. An important physiological

feature of TGF-β1 includes the de-novo synthesis of extra-

cellular matrix proteins and the inhibition of the expres-

sion of matrix metalloproteinases (MMPs).58 ROS can

activate fibrogenic gene expression and TGF-β1, which
is known to play a major role in the activation of tissue

fibrosis.59 One of the main mechanisms of toxicity of lead

oxide is the induction of oxidative stress.60 This could be

the main cause for up-regulation of collagen expression

induced by lead oxide in the present study.

Zinc is considered as one of the most essential micro-

nutrients required for human and animal health.61 Zinc

plays a major role in regulating every phase of the

wound healing process, ranging from membrane repair,

oxidative stress, coagulation, inflammation, and immune

defenses, tissue re-epithelialization, angiogenesis, to fibro-

sis of scar formation. Recent advances in drug investiga-

tion with ZnO-NPs technology have received significant

attention for the treatment of several skin diseases due to

their effective cell penetration, antioxidant and antimicro-

bial capacity.62

In the present study, ZnO-NPs accomplished in redu-

cing the toxic effect of lead oxide on the antioxidant

parameters, pathological pictures and collagen gene

expression in the skin of rats. Microscopic scoring showed

remarkable improvements in all parameters except for

mild dermal edema and inflammation which were

observed in ZnO-NPs treated groups. Apart from ZnO-

NPs treatment, this finding may be related to the skin

trauma which may occurred during hair removal at the

site of application which in turn may lead to increased

dermal blood vessels wall permeability and resulted in

mild dermal edema and inflammation in all groups.62

The number of both mast cells and eosinophils also

reduced in rats treated with either 1% or 6%ZnO-NPs.

The results of Immunohistochemistry revealed reduction

in the immunopositivity of CD4+ and CD8+ T- lympho-

cytes in rats treated with either 1% or 6%ZnO-NPs.

ICAM-1 was down-regulated in rats treated with 1%

ZnO-NPs, whereas up-regulation was recorded in rats
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treated with 6%ZnO-NPs. These observations confirmed

the concentration-dependent anti-inflammatory effects of

ZnO-NPs on the injured skin. High concentration of ZnO-

NPs may be irritant to the skin leading to moderate edema

and inflammation manifested by moderate immunopositiv-

ity of ICAM-1 gene expression. Our findings coincide

with a report that evaluated the safety of ZnO-NPs on

the injured skin and showed that the high concentration

of ZnO-NPs (more than 10%) led to dermal toxicity and

irritation.63 Another study showed that the high concentra-

tion of ZnO (6%) had no effect on the process of healing

but increased the inflammation in the granulation tissue

compared with low concentration (1%).64 The best patho-

logical pictures observed in rats treated with 1%ZnO-NPs.

According to the present data ZnO-NPs induced down-

regulation of collagen type I in the skin tissue. Our results

revealed the protective role of ZnO-NPs cream either at

low (1%) or high (6%) concentrations against skin allergic

dermatitis and oxidative damage induced by lead oxide.

This may be related to the anti-inflammatory and antiox-

idant properties of ZnO-NPs.65The other mechanism may

be the increased Zn concentration produced from the dis-

sociation of ZnO-NPs. It is well known that Zn is a

powerful antioxidant metal; it is the core constituent of

antioxidant enzymes such as SOD and is cognized protec-

tor of sulfhydryl groups; it is also thought to impair lipid

peroxidation by displacing transition metals such as iron

and copper from catalytic sites.66 It was reported that

topical application of 3% zinc sulfate (ZnSo4) has widely

used in wound healing due to its antioxidant property.67

Also, ZnO increases collagen degradation in necrotic

wounds.68 It has been reported that topical application of

ZnO induces mRNA expression of metallothionein, which

could account for its anti u photoprotective effect.69 It was

reported that ZnO-NPs are able to protect cell membrane

integrity against oxidative stress damage, increase antiox-

idant enzyme levels, decrease MDA and free radicals

levels.70

Conclusion
The frequent exposure of the skin to lead oxide for 14 days

caused extensive oxidative stress damage and allergic der-

matitis. However, the daily topical application of ZnO-NPs

either at 1% or 6% concentrations alleviated the lead

oxide-induced dermal toxicity due to their antioxidant

and anti-inflammatory effects. Moreover, the 1%ZnO-

NPs surpassed the 6% ZnO-NPs. Thus, the current find-

ings suggest that 1%ZnO-NPs cream is safe when

repeatedly applied on the injured or inflamed skin and

may be used daily to prevent dermal toxicity initiated by

lead oxide-containing materials and is recommended for

paint workers.

Recommendation
Further studies needed to determine dermal uptake of both

lead oxide and ZnO-NPs if applied topically on the skin to

give more information about their absorption, distribution,

and excretion. Bioaccumulation of ZnO-NPs in different

organs and either their toxic or beneficial effect is very

important prior to apply it topically on the inflamed skin to

determine their safety.
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