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Abstract: In light-sensitive drug delivery systems, more and more nanoparticles were applied to load various drug 
molecules. However, few studies focused on their biomedical effects such as the regulation of heme oxygenase-1 
(HO-1) expression and reactive oxygen species (ROS) generation which could influence cellular redox reaction. In the 
present article, through review of literature, analysis of high-throughput sequencing database, the mechanisms of 
drug delivery based on organic (poly-lactic-co-glycolic acid (PLGA) and polyethylene glycol (PEG)) and inorganic (Au, 
ZnO, SiO2 and TiO2) nanoparticles were introduced briefly. Besides, it was also expounded that nuclear factor-ery-
throid 2 (NF-E2)-related factor 2/BTB domain and CNC homolog 1 (Nrf2/Bach1) might be involved in the regulation 
of HO-1 and the quantum effect of photon altered ROS generation. The exogenous nanoparticles certainly have vari-
ous biomedical effects that even affect the pathogenesis of some diseases like atopic dermatitis. Thus, biomedical 
effect of nanoparticles depends on HO-1/ROS needs further research.
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Introduction

In response to disease progression or certain 
functions/biorhythms of the organism, drug de- 
livery systems (DDS) could release active mol-
ecules at theaccurate site with an appropriate 
rate is particularly appealing. Light-sensitive 
DDS is receiving increasing attention owing to 
the possibility of developing materials which 
sensitive to innocuous electromagnetic radia-
tion (mainly in the ultraviolet (UV), visible and 
near-infrared range), and applied at well delim-
ited sites. Thus, biocompatible materials sensi-
tive to certain physiological variables or exter-
nal physicochemical stimuli can be used for 
achieving this aim. Nanoparticles (NPs), owing 
to their unique physical/chemical properties, 
have gained tremendous attention for their 
potential biomedical and biological applica-
tions in light-sensitive DDS [1]. For example, 
silica NPs (SiO2-NPs), generally considered as 
biocompatible, and have been developed into 
DDS [2], as biosensors for intracellular patho-
gens [3, 4] and as MRI contrast enhancers [5]. 
However, because nanomaterials can enter the 
human body through several ports, the wide-

spread use and increased human exposure in 
NPs have raised concerns about their poten-
tially toxic effect [6]. Like in the previous study, 
the biphasic effect of silver NP was observed  
in HepG2 cells, accelerating cell proliferation 
through p38-MAPK activation at low doses [7], 
but with cytotoxic effect at high concentrations 
[8]. Furthermore, various studies have demon-
strated that NPs might result in thrombus for-
mation, lung inflammation, oxidative stress and 
mechanical irritation of skin [1]. 

Among these, oxidative stress, which has lots 
of detrimental effects at high level such as 
damaging cellular structures and even leading 
to cell death through oxidation of macromole-
cules [9-12]. In Fernandez study [13], it has 
been shown that in liver, the PIBCA (poly-isobu-
tyl cyanoacrylate, biodegradable) or PS (poly-
styrene, not biodegradable) NPs can induce 
oxidative stress locally via a depletion of re- 
duced glutathione (GSH) and oxidized glutathi-
one (GSSG) levels, as well as inhibition of su- 
peroxide dismutase (SOD) activity and a slight 
increase in catalase activity. Thus, it has to be 
stressed that long-term studies are needed to 
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prove the safe use of NPs because chronic 
depletion of the anti-oxidant defense will lead 
to severe health problems.

As well know, abundant intracellular ROS can 
trigger the cellular defense process such as 
induction of antioxidative enzymes. HO-1, an 
important cellular antioxidative enzyme, could 
be induced by pharmacological agents as well 
as environmental elements like UV radiation 
and other cellular stress [14]. Abundant evi-
dence has demonstrated that the common pa- 
thway for regulating HO-1 mainly depends on 
several redox-dependent transcriptional activa-
tors, such as Nrf2/Kelch-like ECH-associated 
protein 1 (Keap1), NF-κB, and AP-1, along with 
the transcriptional repressor Bach1 [15]. Not- 
ably, Bach1, as a repressor, has a stronger af- 
finity than Nrf2 with the antioxidant response 
element (ARE) of HO-1. Only Bach1 was export-
ed from nuclear, Nrf2 could bind to the HO-1 
promoter and activate gene expression [16].

In present review, our knowledge in this field 
mainly comes from drug delivery (pharmaceuti-

cal research) and toxicology 
(xenobiotics) studies. To addr- 
ess the problems depicted 
earlier, we try to analyze the 
basis of the light-sensitive 
DDS and illustrate the mecha-
nism of regulation of HO-1/
ROS according to some sele- 
cted experimental results. In 
addition, the properties, bio-
compatibility and action me- 
chanism of NPs are also brief-
ly introduced. Finally, some 
suspicious points about the 
NPs regulation of HO-1/ROS 
would be discussed in detail. 
Nanomaterials are used more 
and more widely and their  
biological effects should not 
be ignored. Thus, summariz-
ing the advantages and disad-
vantages of nanomaterials is 
a benefit and significant for 
further research about them.

The mechanism of organic 
NPs in light-sensitive DDS

The DDS based on organic 
NPs has various manners to 
deliver drugs. A key mecha-

nism is based on the photodynamic effects  
of the photosensitizer (PS). In brief, 400-690 
nm light irradiation transforms the PS to the 
singlet state. Through inter-system crossing, in 
the irradiated area, PS then relaxes to triplet 
state which could generate ROS [17, 18]. 
Although the generated ROS is very aggressive 
[19, 20], it is also required for cleaving chemi-
cal bonds in DDS. Thus in common DDS nano-
structures, PS might be encapsulated for con-
verting luminous energy to ROS to trigger drug 
release. For example, in vitro, fullerene C60 
could generate ROS after 532 nm light irradia-
tion, conjugated ROS-sensitive thioketal bond 
would be ruptured and allowed 43% loaded 
doxorubicin to be released (Figure 1) [21].

However, because of scattering and light ab- 
sorption of lipids and water, shortwave radia-
tion (<700 nm) can’t penetrate deeper than 1 
cm in tissues [22, 23]. Thus, the innocuous 
near-infrared (NIR) light (650~900 nm) has 
been used for triggering drug delivery in deep- 
er living tissues [24-26]. Although NIR is more 
penetrative, it has not enough energy to excite 

Figure 1. Schematic diagram light-sensitive DDS based on fullerene C60 
nanoparticles. Fullerene C60-based nanoparticles modified with NGR pep-
tide were taken up by CD13-expressing tumor cells. Under the acidic condi-
tions of the endosome, these nanoparticles existed in an “off” state that 
could not release doxorubicin. However, in vivo, they were converted to “on” 
state when triggered by light exposure of a specific wavelength (532 nm).
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PS to an arousal state. In this context, up-con-
version nanoparticles (UCNP), a NIR-to-UV/visi-
ble light switch was applied in DDS since it 
could convert several absorbed low-energy 
photons to emit higher-energy ones [27, 28]. In 
Chen study [29], a DDS comprises PEG, was 
also linked with UCNPs make 75% drug release 
following 10 mins exposure to 980 nm radia-
tion in vitro. It was also reported that in vivo, 
intravenous injection of DDS (AB3-NPs) to med-
ullary thyroid cancer cell TT-xenografted mice 
inhibited tumor growth more effectively than 
the control group. In conclusion, the mecha-
nism of the photochemical activatable system 
which enables remotely controlled drug release 
comprised of organic NPs commonly generates 
ROS and material whose chemical bonds are 
susceptible to light or ROS [29]. 

Liposomes, consist of concentric bilayers of 
phospholipids and/or other amphiphilic mole-
cules, forming nano-sized vesicles by aqueous 
compartments. Despite liposomes were widely 
used in DDS, the optimal system based on lipo-
somes is still a challenge. In most cases, the 
liposome-DDS trigger drug delivery mainly de- 
pends on passive diffusion, so that the requir- 
ed local drug concentrations for the optimum 
therapeutic effect might not be reached [30]. 
Therefore, it is imperative to find new appro- 
aches that could trigger rapid drug release 
upon the liposome arrival to the desired site 
[31]. Most attention was focused on the lipo-
some structure destabilization caused by ex- 
ternal energy despite the mechanism are com-
plicated. External energy could influence the 
photo-polymerization of membrane lipids, in- 
duce photo-isomerization, photo-oxidation (by 
ROS) or photo-deprotection [32]. For example, 
liposomes with plasmenylcholine could con- 
vert to hexagonal phase from lamellar phase 
under 630-820 nm light [33]. ROS from PS 
induced the photo-oxidation of the plasmalo-
gen vinyl ether linkage and then the plasmen- 
ylcholine was decomposed to lysolipids and 
fatty aldehydes, following phase transition and 
the leakage of the intraliposomal content [30, 
34]. The character and quantity of PS deter-
mine the rate of photo-initiated drug delivery. 
For example, bacteriochlorophyll α, a NIR sen- 
sitizer, could lead to 100% calcein release in 
less than 20 min after 800 nm irradiation. The 
observed release rate was twofold faster than 
the control DDS without PS [33]. Recently, bio-
technology of photochemical activated DDS 

has basically mature. Even different NPs and 
PS molecules could generate ROS in vivo, the 
specific mechanism is still unclear [21, 29]. Cer- 
tainly, there are also other manners for light-
sensitive DDS, such as light-sensitive chemis-
try/bonds, but there were few studies indica- 
ted that such materials could regulate HO-1 or 
ROS.

The organic NPs regulation of HO-1/ROS

As we have known, in DDS based on organic 
NPs, the ROS generation would be due to the 
irradiated PS. When ROS in cells was increas- 
ed, various pathways migh regulate HO-1 ex- 
pression. However, Yadav [35] has discovered 
an interesting phenomenon in the rat model 
with a traumatic injury. Liposome-encapsula- 
ted hemoglobin (LEH), an artificial oxygen car-
rier to address post-hemorrhage oxygen deficit, 
was post-inserted into the conjugated HDAS-
PEG2K to generate HDAS-PEG2K-LEH. After 
treating with HDAS-PEG2K-LEH injection over  
4 weeks, immunohistochemical staining for  
rat HO-1 did not show an induced expression of 
HO-1 in lung, liver, spleen, and kidney. It might 
suggest that neither liposome nor PEG2K cou- 
ld regulate the expression of HO-1 in these 
organs. In addition, Abdel [36] also confirmed 
that in the cavernous tissue of aged rats, after 
receiving lipofectamine, the gene expression 
and enzyme activity of HO-1 had an insignifi-
cant difference. It may just because liposomes 
are biocompatible and in Yadav and Abdel stud-
ies, there was no PS, the key factor for ROS 
generation.

However, also as the main nanomaterials, Poly- 
D, L-lactide-co-glycolide (PLGA) may have a dif-
ferent effect on HO-1 expression. In Giovanni 
study, two different melatonin NP carriers, PL- 
GA and PLGA-PEG, were prepared to be used  
in experimental animal model of sepsis. After 
treating, oxidative stress was measured in tis-
sue homogenates by detecting HO-1 expres-
sion, total thiol groups and lipid hydroperoxides 
(LOOH). In all the examined organs, all the mel-
atonin formulations restored total thiol group 
levels insignificantly. Both melatonin NP for- 
mulation significantly decreased LOOH levels 
when compared with sepsis vehicle animals. 
The PLGA-PEG-melatonin was able to reduced 
LOOH levels more significantly in the heart, 
lung, and liver when compared with PLGA. Me- 
anwhile no significant changes were observed 
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between two NP formulations in the kidney. 
Interestingly, HO-1 expression was differently 
affected following treatment with various me- 
latonin formulations. The PLGA-PEG-melatonin 
formulation was more effective in inducing 
HO-1 protein compared with free melatonin, 
with the exception of the kidney. A similar phe-
nomenon was also discovered in Amin study 
[37]. Anthocyanins, an unstable hydrophilic 
drug, was encapsulated in biodegradable NP 
formulation based on PLGA and PEG as stabi-
lizer. In SH-SY5Y cell lines, the drug with PLGA-
PEG had a stronger ability for scavenging free 
radical and abrogating ROS generation via the 
p38-MAPK/JNK pathways accompanied by in- 
duction of endogenous Nrf2 and HO-1. How- 
ever, there was another point suggested that 
formulation with PEG has a stronger effect just 
because it could allow the drugs to avoid the 
macrophages uptake. However, in Yadav’s stu- 
dy, there was no difference in HO-1 expression 
between HDAS-PEG2K-LEH and the control 
group. Therefore, the regulation of HO-1/ROS 
from PLGA or PEG is complicated and needs 
further study. Moreover, though liposome is the 
widely applied organic nanomaterial, few stud-
ies have verified it can regulate ROS generation 
or HO-1 expression. Oppositely, in Yusuf study 
[38], liposomal encapsulation of Ag-NP could 
suppress the Ag-NP-induced ROS and enhan- 
ce its cytotoxicity against THP1-differentiated 
macrophages and unexpectedly suppressed 
reduced glutathione (GSH) levels (P<0.05) re- 
sulting in a redox imbalance.

The mechanism of inorganic NPs in light-
sensitive DDS

In addition to organic materials, some inorganic 
nanomaterials were also used to light-sensi- 
tive DDS. On the one hand, the electron-rich 
photothermal agents (e.g., gold NPs [39], car-
bon nanotubes [40] and graphene nanosheets 
[41, 42]) can transduce NIR to vibrational ener-
gy, result in local hyperthermia which could  
dismantle a carrier with thermosensitive com-
ponents [43]. On the other hand, some nano-
materials release drugs via changing hydrophil-
ia (Figure 2). In our studies, we detected that 
ZnO could combine with AKBA (anti-oxidative 
drugs) originally due to its hydrophobicity. After 
UVA irradiation (200 KJ/m2), the hydrophilia of 
ZnO-NPs was increased (the contact angle was 
decreased) and resulted in drug release. It was 

also confirmed that in an aqueous solution, 
after UVA irradiation, the diameter of ZnO-NPs 
was significantly decreased. Perhaps because 
of the increased hydrophilia, ZnO could be more 
dispersed in aqueous. In one word, all results 
determined the AKBA was released from ZnO-
NPs mainly due to the changed hydrophilia. 

Furthermore, some other NPs (SiO2, TiO2) could 
be readily modified with chemical groups which 
could generate new functionalities for applica-
tion in DDS [2, 44]. For example, SiO2-NPs (70 
nm) were covalently conjugated with the pho- 
toactive o-nitrobenzyl bromide on surface via 
amino groups [45]. Thus, drugs with phosphate, 
hydroxy or carboxylic groups could be attached 
to the o-nitrobenzyl bromide covalently. Once 
nanocomposites undergo 310 nm irradiation, 
the o-nitrobenzyl bromide groups convert to 
o-nitrobenzaldehyde, the covalent bond would 
be cleaved and lead to drug delivery. In addi-
tion, another synthesis manner of nanocom-
posite used azobenzene chains as either impel-
lers or nanovalves. In Lu study [46], it was dem-
onstrated that once cancer cells contact the 
DDS with 413 nm irradiation, the drug molecu-
lar (camptothecin) would be released via acti-
vating the trans-to-cis photoisomerization of 
the azobenzene moieties. TiO2 (diameter, 1-100 
nm), could also be modified for application in 
DDS because of the absorption of UV. Song [47] 
hasreported that amphiphilic TiO2 nanotubes 
were used to provide a highly controllable drug 
release system based on a hydrophobic cap 
(monolayer of OPDA) which can be removed by 
UV-induced chain scission (Figure 3). The most 
significant bio-character of inorganic NPs is 
their mini volume and penetratingability, enab- 
ling external control of the intracellular drug 
delivery. 

The inorganic particles regulation of HO-1/
ROS

Au

Although the mechanism of inorganic NPs par-
ticipate in DDS is various and complicated, 
abundance studies have identified once NPs 
are contacting with cells or ingested by cells, 
the expression of HO-1 and generation of ROS 
might be regulated. According to Lai study [48], 
in human vascular endothelial cells (ECs), gold 
NPs (Au-NPs) could induce HO-1 mRNA and pro-
tein expression in a concentration- and time-
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dependent manner via Nrf2 and Bach1. It is 
noteworthy that the Au-NPs enhanced Nrf2  
protein levels in nuclear, not via inducing Nrf2 
expression but accelerated the cytosolic Nrf2 
translocation to the nucleus, and, concomitant-
ly, Bach1 exited the nucleus followed by the in- 
creased tyrosine phosphorylation. By chroma-
tin immunoprecipitation assay, it was revealed 
that the translocated Nrf2 bound to ARE which 
located in the E2 enhancer region of the HO-1 
gene promoter. Meanwhile, it was revealed Au- 
NPs might not promote intracellular ROS pro-
duction or endoplasmic reticulum stress in the 
ECs. It suggested some NPs not always regu-
late HO-1 or ROS simultaneously (Figure 4). 
Interestingly, in Chakraborty study [49], an op- 
posite phenomenon was detected. In osteosar-

coma cell line, via thorough mechanistic study, 
size-dependent apoptotic activity of Au-NPs 
was confirmed. Increasing concentrations of 
Au-NPs of 46 nm size, enhanced the rate of 
ROS-induced apoptosis in osteosarcoma cells 
by disrupting their mitochondrial membrane 
potential. Considerably higher cell death was 
observed for 46 and 60 nm Au-NPs compared 
to 38 nm at all concentrations of 200, 400 and 
800 ng/mL. Therefore, size-dependent apop-
totic of NPs should be pay attention to and 
reflection.

ZnO

Similarly, it has been identified ZnO was con-
nected with HO-1 regulation. In Yan study  
[50], human coronary artery endothelial cells 

Figure 2. UVA-controlled ZnO DDS. A. 
SEM-image of ZnO-NPs. B. Analysis of ele-
ment composition by FTIR. C. The contact 
angle of ZnO. D. Zeta potential distribu-
tion of ZnO. E. The diameter of ZnO-NPs. 
F. The UV-controlled release behavior of 
AKBA. G. The schematic of the UVA-sensi-
tive drug release system.
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cular system impairment [53], 
liver fibrosis [54], and granu-
loma formation in the liver  
and spleen of rats [55]. In 
vitro, using the HUVEC cell line 
model, SiO2-NPs were detect-
ed to decrease cell viability 
and induce ROS generation 
[56]. However, in Jennifer stu- 
dy [57], it was identified SiO2-
NPs at low concentration (up 
to 0.5 mg/ml) had a benefici- 
al effect on normal human 
facial skin fibroblasts in terms 
of increasing their prolifera-
tion and metabolic activity. 
The low dose SiO2 treatment 
could induce the translocati- 
on of Nrf2 from cytoplasm to 
nucleus followed by overex-
pression of HO-1. In addition, 
it was also observed that in 
A549 cells, SiO2-NPs exposure 

Figure 3. The schematic diagram of TiO2 drug delivery system after UV il-
lumination. 

(HCAECs) were exposed to ZnO-NPs for 24 h 
directly and the level of HO-1 in supernatants  
of culture media was significantly increased. 
Furthermore, in Fukui study [51], it was demon-
strated that both in vivo (rat lung) and in vitro 
(A549 cells), ZnO-NPs could release zinc ion 
which might induce strong oxidative stress. In 
Osmond M’s GEO database (GSE 60159), com-
pared with the control group, it was detected 
that HO-1 was significantly increased (5.63 
fold) in primary human hepatic stellate cells 
treated with ZnO-NPs (30 ug/ml, 24 h) (Table 
1). It was just determined ZnO can alter HO-1 
expression and oxidative stress. Whether th- 
rough Nrf2/Bach1 or influence ROS generation 
is still unknown. However, in Li study [52], the 
results indicated that ZnO-NPs could signifi-
cantly inhibit human multiple myeloma cell  
proliferation and cell death in a time- and dose-
dependent manner in vitro, and this outcome 
can be confirmed by cell morphology and apop-
tosis assay. Meanwhile, the results also show- 
ed that ZnO NPs could effectively increase ROS 
production and decrease ATP levels in human 
multiple myeloma cells.

SiO2

SiO2-NPs, generally considered as biocompati-
ble materials, have been much investigated for 
their toxicity at high doses, such as cardiovas-

could activate the Nrf2/ARE signaling pathway 
via the up-regulation of PERK (PKR-like endo-
plasmic reticulum-regulated kinase). While in 
Nrf2-/- mice, SiO2-NPs exposure would increase 
the level of ROS. These results suggested that 
SiO2 with various concentrations have diffe- 
rent biological effects and Nrf2 might protect 
against oxidative stress induced by SiO2-NPs 
through PERK/Nrf2/ARE/HO-1 pathway.

TiO2

TiO2 NPs, also widely used in light-sensitive 
DDS, its possible toxic mechanisms might be 
related to oxidative stress and/or inflammatory 
responses directly or indirectly [58]. Recently, it 
was suggested that the photocatalytic activity 
of TiO2 NPs has been a major concern owing to 
fear of the ROS generation [59]. During mito-
chondrial respiration in the lung tissue of rats, 
TiO2 NPs could decrease nicotinamide adenine 
dinucleotide (NADH) levels accompanied with 
ROS generation (hydroxyl radicals, superoxide 
radicals, and singlet oxygen) [60]. Previous stu- 
dies have also indicated that TiO2 NPs caused 
liver and kidney function damages by increas-
ing ROS generation and decreasing antioxidant 
capacity [61, 62]. Furthermore, in mice, long 
term TiO2 NPs exposure was accompanied by  
a decrease of glutathione content and an in- 
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In context, it was known that both in orga- 
nic- and inorganic-based DDS, HO-1 would be 
regulated mainly through Nrf-2/Bach1. Never- 
theless, the altered HO-1 level and ROS gene- 
ration are often accompanying even the mech-
anism of ROS generation is unknown and ROS 
accumulation was really detected. ROS gene- 
ration and partitioning are novel examples of 
quantum biology. In vivo, according to the stu- 
dies of reduced flavoenzymes/molecular oxy-
gen [67], quantum biology [68] and radical pair 
mechanism (RPM) [69], the control of ROS gen-
eration might be related with coherent spin 
dynamics in a radical pair (RP) reaction [70].  
In brief, a coherent singlet-triplet intersystem 
crossing was driven by the RP spin dynamic 
which is governed by internal magnetic interac-
tions such as electron-nuclear hyperfine inter-
actions (HFIs) and applied magnetic fields (light 
and radiofrequency). External magnetic fields 
might alter RP spin dynamics and the genera-
tion of ROS through the Zeeman resonance 
effect. In reduced flavoenzymes, an electron 
transfer activates molecular oxygen (O2) and 
then a triplet-born, spin-correlated RP will be 
created between flavin semiquinone (FADH•) 
and superoxide (O2

•-) (Figure 5) [71, 72]. We hy- 

Table 1. The top 10 differentially expressed 
genes in primary human hepatic stellate cells 
treated with ZnO-NPs
Gene.symbol Adj.P.Val P.Value LogFC
HSPA6 0.000137 9.93e-09 7.17
MT1M 0.000137 1.16e-08 6.72
HMOX1 0.000137 3.01e-08 5.63
IL11 0.000137 3.11e-08 5.55
DNAJA4 0.000137 4.30e-08 5.47
CNOT8 0.000137 6.54e-08 -4.81
MANEA 0.000137 6.82e-08 -4.99
IFIT3 0.000137 5.47e-08 -5.06
SOCS5 0.000137 5.07e-08 -5.33
RECK 0.000137 7.05e-08 -5.36

Figure 4. The proposed mechanism of action of the AuNPs in causing hO-1 expression in human vascular endo-
thelial cells. Abbreviations: are, antioxidant-response element; AuNPs, gold nanoparticles; DTT, dithiothreitol; gsh, 
glutathione; lMB, leptomycin B; Nac, N-acetylcysteine.

crease ROS generation [63-65]. In Niu study 
[66], it was also detected that the protein ex- 
pression of Nrf2, HO-1, NQO1 (NAD(P)H dehy-
drogenase quinone 1) and GCLC (glutamate-
cysteine ligase catalytic subunit) were all re- 
duced in heart, liver, and kidney of mice after 
exposing to TiO2 NPs. All results suggested 
chronic TiO2 NPs exposure might result in the 
accumulation of ROS and down-regulated ex- 
pression of anti-oxidative genes. 
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pothesize that in light-control DDS, the quan-
tum effect of photon might alter the RP spin 
dynamic and regulate ROS generation. Further- 
more, the strength, frequency, amplitude, and 
orientation could also alter the relative ROS 
product yields in vitro [70]. Thus, the photo-
sources with different energy would have vari-
ous effects on ROS generation.

Traditional pathophysiology-based DDS leaves 
few options for controlling the rate and ex- 
tent of drug release at target sites. In contrast, 
light-control systems may enable drugs to 
undergo spatiotemporal delivery with remote 
control. The NPs can certainly penetrate the 
human body via the lungs, intestines, and skin. 
However, thus far, most studies of nanomateri-
als ignored their biological effect or affirmed 
their various cytotoxicity unilaterally. Abund- 
ance evidence suuested NPs could also be of 
benefit for some diseases. In present review, 
the regulation of HO-1/ROS from NPs was sum-

marized. Interestingly, the mechanisms of vari-
ous diseases were also associated with the 
level of HO-1/ROS. For example, in allergic dis-
eases, oxidative stress and a deregulated im- 
mune system are the main pathogenesis [73]. 
Ample evidence has demonstrated that HO-1 
was a significant antioxidant enzyme in dise- 
ase process [74] and regulated the bio-func-
tions of mast cells [75, 76], helper T cells [77, 
78], dendritic cells [79] and regulatory T cells 
[80] in allergy. In Marit Ilves study [81], it was 
revealed that in the mouse model of allergic 
dermatitis, ZnO-NP was able to reach into the 
deep layers of allergic skin and diminish the 
local inflammation through inducing the infil- 
tration of T cells and macrophages along with 
downregulating expression of skin cytokines 
(interleukin-6 (IL-6), IL-10, tumor necrosis fa- 
ctor (TNF) and interferon-γ (IFN-γ)). Although 
HO-1 was not detected in this study, the infiltra-
tion of T cells and mast cells [75], and the 
expression of cytokines might be regulated by 
HO-1 [82]. Nevertheless, the mechanism of 
HO-1 regulated by ZnO-NPs in the pathogenes- 
is of AD was just a hypothesis need further 
explored. Thus, the pharmacokinetic behavior 
of different types of nanoparticles requires 
detailed investigation and a database of health 
risks associated with different nanoparticles  
at various concentrations (e.g. Target organs, 
tissue or cells) should be created [1].

Conclusion

In our review, the mechanism of organic NPs 
regulated HO-1 is still unclear while it was con-
cluded that the inorganic NPs might regulate 
HO-1 through Nrf2 or Bach1 translocation. 
However, the theory of NPs induced Nrf2 tra- 
nslocation was still unknown. MicroRNAs (miR-
NAs), a class of small (about 22-nucleotide) 
noncoding RNAs, control gene expression th- 
rough mRNA degradation or translation repres-
sion via 3’-untranslated region (3’-UTRs) of tar-
get mRNA [83]. In addition, the miRNA profile is 
sensitive accompanied by dysregulation when 
the external stimulus appeared. Owing to the 
abundant count and the particular mechanism 
of regulation, miRNA may participate in Nrf2 
translocation after NPs exposure. Furthermore, 
the level of glutathione and the activity of SOD 
were well-known associated with ROS genera-
tion. More and more kinds of NPs were appli- 
ed in light-control DDS. Additional studies are 
needed to test the toxicology of NPs for various 

Figure 5. The schematic of ROS generation. Flavin 
semiquinone (FADH•) and superoxide (O2

•-) spin-cor-
related radical pair (top). The radical pairs undergo 
intersystem crossing (ISC) between singlet (S) and 
triplet states (T-1,0,1) at rates (kISC) determined by 
electron-nuclear hyperfine and Zeeman interactions 
(middle). An applied RF oscillating magnetic field 
tuned at Zeeman resonance (1.4 MHz at 50 μT mag-
netic field), modifies kISC (bottom) and ultimately af-
fects the relative amount of singlet (H2O2) and triplet 
(O2

•-) reaction products. Resonance effect on ROS 
product yields is a key manifestation of quantum bi-
ology.
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pharmacological drugs in diverse disease mod-
els. The most important significance of this re- 
view is reminding other researchers that some 
nanoparticles could also have some underlying 
benefit for some diseases. Therefore, when a 
material with a new structure was made and 
used. A rounded analysis is necessary. 
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