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ABSTRACT: Some metalloporphyrins (Mps) inhibit heme oxygen-
ase (HO), the rate-limiting enzyme in the production of bilirubin, and
are potential compounds for the treatment of neonatal jaundice. We
studied the safety and efficacy of Mps following oral administration.
Adult HO-1-luc reporter mice were administered 30 �mol/kg body
weight of tin mesoporphyrin (SnMP), zinc bis glycol deuteroporphy-
rin (ZnBG), or zinc protoporphyrin (ZnPP), or vehicle by oral
gavage. Bilirubin production was measured as total body carbon
monoxide (CO) excretion (VeCO). HO activity was quantitated via
CO measurements by gas chromatography. HO-1 protein was deter-
mined by Western blot. HO-1 transcription levels were assessed by in
vivo bioluminescence imaging. A significant 28% decrease in biliru-
bin production occurred within 3h of SnMP treatment and persisted
beyond 48h. Bilirubin production decreased 15% and 9% by 3h after
administration of ZnBG and ZnPP, respectively, but returned to
baseline within 48h. Maximal inhibition of liver, spleen, and intestine
HO activity was seen at 3h with inhibitory effects decreasing in the
order: SnMP � ZnBG � ZnPP. After SnMP treatment, HO-1
transcription increased 5.7-fold after 24h. Furthermore, liver and
spleen HO-1 protein significantly increased 3.7- and 2.0-fold, respec-
tively, after 24h. HO-1 transcription and protein were not affected in
ZnBG- or ZnPP-treated mice. We conclude that the three Mps are
absorbed at different rates in the mouse and affect bilirubin produc-
tion and HO-1 expression in a tissue- and time-dependent manner.
(Pediatr Res 59: 667–672, 2006)

All neonates transiently present with jaundice, resolving
within 1 wk after birth. However, some neonates de-

velop pathologic jaundice, usually caused by hemolytic dis-
ease, closed-space bleeding, genetic factors, or prematurity.
These conditions are often associated with an increased pro-
duction of bilirubin superimposed on an immature hepatic
bilirubin conjugation and excretion system. At pathologically
high bilirubin levels (hyperbilirubinemia), there is an in-
creased risk for developing acute bilirubin encephalopathy
and, if chronic, kernicterus. The standard treatment for hyper-
bilirubinemia is phototherapy or, when severe, exchange
transfusion either alone or in combination with phototherapy.
These therapies only remove the bilirubin that is produced or

has accumulated in circulation and tissues. A more ideal
strategy would be to suppress the formation of bilirubin.
Heme oxygenase (HO) is the enzyme in the heme degra-

dation pathway, where equimolar quantities of ferrous iron
(Fe2�), carbon monoxide (CO), and biliverdin are produced
(1,2). Biliverdin is immediately reduced to bilirubin by biliv-
erdin reductase. Thus, by inhibiting HO activity, the formation
of bilirubin can be suppressed.
Metalloporphyrins (Mps) consist of a central metal (e.g.,

tin, zinc, etc.) and a porphyrin macrocycle [i.e., mesoporphy-
rin (MP), protoporphyrin (PP), or deuteroporphyrin IX 2,4-
bis(glycol) (BG)]. Some Mps are competitive inhibitors of HO
and derivatives of heme and, therefore are being evaluated as
drugs for the treatment of jaundice (3–6). Clinical studies
have shown that 6 �mol/kg body weight (BW) of tin meso-
porphyrin [SnMP or Stannsoporfin (InfaCare Pharmaceuticals,
Neptune, NJ)] has therapeutic value (7–10). However, Mps
can potentially affect important enzymes other than HO, such
as nitric oxide synthase (NOS) and soluble guanylyl cyclase
(sGC) (11), lipid peroxidation (12), and HO-1 gene expression
(13,14), and some are phototoxic (15,16). By inducing HO-1
gene expression, Mps may increase HO-1 protein and increase
bilirubin formation, therefore negating their clinical utility,
especially in patients with an increased heme load, as in
hemolytic diseases or closed-space bleeding.
SnMP was chosen because it is not only a potent HO

inhibitor (3,17), but also has been used in clinical studies
(7–10). Zinc bis(glycol) deuteroporphyrin (ZnBG) was se-
lected because it is also a potent HO inhibitor (4,17) and orally
absorbed by neonatal rats (18). In addition, it does not affect
NOS or sGC at low concentrations (11) nor HO-1 gene
expression in mice (14). Finally, zinc protoporphyrin (ZnPP)
was chosen because it is occurs in nature, has moderate
inhibitory effects on HO and seems to be less phototoxic than
SnMP (15,17), though it is a potent singlet oxygen sensitizer
in vitro (19). It can accumulate under pathologic conditions,
such as chronic anemia and lead poisoning. Here, we inves-
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tigated the safety and efficacy of oral SnMP, ZnBG, and ZnPP
by assessing their effects on bilirubin production, HO enzyme
activity, HO protein, and HO-1 transcription rates in a mouse
model.

MATERIALS AND METHODS

Animals. The study was approved by the Institutional Animal Care and
Use Committee at Stanford University. Adult (6–8 wks, 15.3 to 22.8 g)
female transgenic (Tg) mice, with the transgene containing a 15-kb HO-1
promoter driving expression of the reporter gene luciferase (luc, HO-1-luc)
(20) were obtained from the Stanford Transgenic Animal Facility (Stanford,
CA) and provided water and food ad libitum.

Reagents. Mps: SnMP (6.0 mg), ZnBG (5.6 mg), and ZnPP (5.0 mg)
(Frontier Scientific, Logan, UT), were dissolved in 60-�L 0.4M Na3PO4.
After addition of 250-�L H2O, 1-mL 0.9% saline was added and the pH was
adjusted to 7.4–7.8 with 1M HCl. The volume was then adjusted to 2-mLwith
saline to yield 4 mM stock solutions. Vehicle: Vehicle was prepared similarly
without the addition of Mps. All solutions were stored at 4°C in the dark until
use for up to 1 wk. Methemalbumin: A stock solution of methemalbumin [(1.5
mM heme/0.15 mM BSA (BSA)] was prepared by dissolving 9.9 mg of hemin
(Sigma Chemical Co., Aldrich, St. Louis, MO) in 2.5-mL 0.4M Na3PO4.
100-mg BSA (Sigma Chemical Co.) was added, and the volume adjusted to
8-mL with distilled water. pH was then gradually titrated to 7.4 with 1M HCl
under constant stirring. H2O was added to a final volume of 10 mL. NADPH:
4.5mM solution was prepared by dissolving 4.2 mg NADPH in 1-mL 0.1M
K2HPO4/KH2PO4 buffer, pH 7.4.

Oral administration. Mice were randomly distributed into four groups
[control (vehicle), SnMP, ZnBG, or ZnPP]. After baseline total body CO
excretion (VeCO), an index of in vivo bilirubin production rate (21), and
HO-1 transcription levels had been measured (see below), mice were given
vehicle or 30 �mol of SnMP, ZnBG, or ZnPP/kg BW in a single bolus by oral
gavage in volumes �250 �L using a 1.0-mL syringe fitted with a blunt
gavage needle.

VeCO. In vivo bilirubin production rates (VeCO) were determined by gas
chromatography (GC) as described previously (6,22). Each mouse was
weighed and placed in a 50-mL chamber supplied with CO-free air at a flow
approximately 40–50 mL/min. After 30 min, the CO concentration (ppm) in
the chamber outlet gas was measured by GC every 90 s, calculated as �L
CO/h/kg BW, and expressed as % of baseline.

In vivo bioluminescence imaging (BLI). In vivo HO-1 transcription was
assessed by BLI using the In Vivo Imaging System (IVIS™, Xenogen,
Alameda, CA) as described previously (13,14,20). Briefly, 10–20 min before
imaging, mice were injected intraperitoneally (IP) with 50-mg Nembutal/kg
BW and 150 mg luciferin/kg BW. Sedated mice were then placed in the IVIS.
Photons emitted were calculated as flux (photons emitted/s) using LivingIm-
age (Xenogen), expressed as fold change from basal levels, and then normal-
ized to that of control animals.

Tissue preparation. After animals were killed, liver, spleen, and small
intestine were harvested, immediately rinsed with ice-cold buffer, and divided
as follows: 100 � 2 mg whole tissue was immediately placed in 1.5-mL
microfuge tubes containing RNAlater (Qiagen Inc., Valencia, CA). Tubes
were stored at 4°C overnight and then at –20°C until isolation of total RNA.
Another 100 � 2 mg tissue was placed in a 2.0-mL polypropylene microfuge
tube, diced in 900-�L buffer, and sonicated on ice at 50% power with an
ultrasonic cell disruptor with an ice-cold 1/8” microprobe (Model XL2000,
Misonics Inc., Farmingdale, NY). Sonicates were kept on ice and HO activity
measured within 1h. 500-�L of sonicate was added to a 1.5-mL polypro-
pylene microfuge tube containing 0.5-�L protease inhibitor and flash frozen
with liquid nitrogen before storage at –80°C until measurements of HO
proteins.

In vitro HO activity. 20-�L tissue sonicate [2 mg fresh weight (FW)] was
incubated for 15 min at 37°C in CO-free septum-sealed 2-mL vials containing
20-�L 150�M methemalbumin and 20-�L 4.5 mM NADPH as previously
described (23,24). Blank reaction vials contained phosphate buffer in place of
NADPH. Reactions were terminated by the addition of 5-�L 30% sulfosali-
cylic acid and the vials place on ice. The amount of CO generated by the
reaction and released into the vial headspace was quantitated by GC. HO
activity was calculated as pmol CO/h/mg FW and expressed as % of HO
activity left.

Proteins. Protein concentrations of (1:100) tissue sonicates were deter-
mined using Bio-Rad Protein Assay kit (Bio-Rad, Hercules, CA).

mRNA levels of luc and HO-1. luc and HO-1 mRNA levels were
quantified by real-time RT-PCR using a GeneAmp 5700 Sequence Detection
System (Perkin-Elmer, Wellesley, MA). Total RNA in liver, spleen, and

intestine of control and SnMP-treated mice was extracted from archived
samples using the RNAeasy Mini Kit (Qiagen Inc.). One-step RT-PCR was
performed in a MicroAmp optical 96-well plate, each well containing 40-ng
total RNA with HO-1 or luc primers and the QuantiTect SYBR Green
RT-PCR kit (Qiagen Inc.). Thermocycles were set as follows: 50°C for 30
min, 95°C for 15 min and 40 cycles of 95°C for 15 s, 60°C for 30 s, and 72°C
for 30 s. Copy number per �g total RNA per sample was calculated from a
standard curve using standards of HO-1 and luc mRNA, normalized to
�-actin, and then expressed as fold change from control levels.

Western blots. 100, 50, 150 �g of liver, spleen, and intestine protein
sonicate, respectively, were mixed with an equal volume of loading buffer.
Samples were separated on a 12% polyacrylamide gel, and then transferred to
polyvinylidene difluoride membranes (Millipore, Bedford, MA). After being
blocked in Tween-PBS with 5% milk, membranes were incubated with
polyclonal HO-1 antibody (1:1,000) raised against a 30-kDa soluble HO-1
protein expressed in Escherichia coli from rat liver cDNA (gift of Angela
Wilks, University of Maryland, Baltimore, MD) by Berkeley Antibodies Inc.
(Berkeley, CA) or polyclonal HO-2 antibody (1:2,000) (Stressgen, Victoria,
BC) for 1h. Membranes were washed, and then incubated with anti-rabbit
IgG-HRP (1:7,000) (Santa Cruz Biotechnology, Santa Cruz, CA) in Tween-
PBS with 5% milk for 30 min. After washing, immunocomplexes on the
membranes were visualized with ECL Western Blotting Detection Reagents
(Amersham Biosciences, UK). Protein bands were quantified by densitometry
using a GS-710 Densitometer (Bio-Rad), normalized to time-matched control
levels, and expressed as fold change.

Statistical analysis. All data are presented as mean � SD. Statistical
analyses were performed with paired t tests for comparisons of in vivo
bilirubin production measurements, and the Mann-Whitney non-parametric
rank test or unpaired t test for all other measurements as appropriate.
Differences were deemed statistically significant when p � 0.05.

RESULTS

Bilirubin production.Mean � SD baseline VeCO value for
all mice (n � 68) was 37.5 � 6.3 �L CO/h/kg BW. After oral
administration of Mps, VeCO was monitored at 1, 3, 6, 24,
and 48h (Fig. 1). In SnMP-treated mice, VeCO significantly
decreased 23% within 1h of administration, with maximal
decreases within 3h, persisting beyond 48h (Fig. 1A). Within
3h after ZnBG administration, a significant 15% decrease was
observed, returning to baseline by 48h (Fig. 1B). After ZnPP
administration, VeCO decreased 3h following ZnPP adminis-
tration and persisted for 24h, but was not statistically signif-
icant (Fig. 1C). No change in VeCO was observed in the
control group during the entire 48h study period as expected
(Fig. 1D).

Figure 1. In vivo bilirubin production rates (VeCO) were measured as �L
CO/h/kg BW at 1, 3, 6, 24, and 48h after oral administration of 30 �mol/kg
BW of SnMP (A), ZnBG (B), ZnPP (C), or vehicle (D) and expressed as mean
� SD % of baseline VeCO (n � 5–9 for each time point). † p � 0.01, * p �
0.05 compared with the baseline.
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HO activity. HO activity time course in the liver, spleen,
and intestine after Mp treatment is shown in Fig. 2. For control
mice, HO activities in the liver, spleen, and intestine were:
96.5 � 14.7 (n � 12), 574.1 � 170.6 (n � 11), and 61.2 �
17.1 (n � 10) pmol CO/h/mg FW, respectively. After SnMP
treatment, liver HO activity was significantly inhibited (67%)
within 3h and persisted (55–60%) throughout the study period
(Fig. 2A). Following ZnBG and ZnPP treatment, a significant
63% and 43% inhibition was found at 3h, respectively, with
activity returning to near control levels by 48h. For the spleen,
HO activity was significantly inhibited after treatment with all
Mps throughout the study period (Fig. 2B), with the greatest
inhibition following SnMP treatment, then with ZnBG, and
the least with ZnPP. In the intestine, maximal (63%) inhibition
by SnMP was observed at 3h, with 37% inhibition still present
at 48h, although the inhibition decreased progressively with
time (Fig. 2C). After ZnBG or ZnPP administration, HO
activity was significantly inhibited (35–40%) at 3 and 24h,
returning to control levels by 48h.
HO protein. HO-1 protein levels in the liver, spleen, and

intestine were determined after 3, 6, 24, and 48h of Mp
treatment and are shown in Fig. 3. Levels in the liver signif-
icantly increased 3.7- and 3.1-fold at 24 and 48h after SnMP
administration, respectively. No significant changes in liver
HO-1 protein were observed after treatment with ZnBG or
ZnPP, although levels gradually increased with time (Fig. 3A).
Spleen HO-1 protein significantly increased 2.0-fold at 24h
after SnMP administration and persisted beyond 48h. No
significant change in the spleen was observed after treatment
with ZnBG, but significant 1.2- to 1.3-fold increases were
observed after 24 and 48h of ZnPP treatment (Fig. 3B). No
significant changes in intestinal HO-1 protein were found after
treatment with any Mp (Fig. 3C).
When HO-2 protein levels in the liver, spleen, and intestine

were determined after 3, 6, 24 and 48h of Mp administration,
no changes were found for any tissue (data not shown). Equal
loading of samples was verified by Coomassie Blue staining.
HO-1 transcription. The results of Mp administration on

HO-1 transcription levels 0, 3, 6, 24, and 48h after treatments
are displayed in Fig. 4. After SnMP administration, HO-1
transcription in the abdominal region increased by 3h, signif-
icantly peaked to 5.7-fold by 24h, and decreased to 2.6-fold by
48h (Fig. 4A). In ZnBG-treated mice, HO-1 transcription
increased 2.0-fold after 6h, although not significantly, return-

ing to control levels by 24h (Fig. 4B). In ZnPP-treated mice,
no significant changes in HO-1 transcription were observed
until 48h post-administration (1.7-fold) (Fig. 4C).
Correlation between in vivo BLI and native HO-1 and luc

mRNA levels. In a separate group of animals (n � 4), tissues
were harvested after BLI to correlate luc activity with luc and
HO-1 mRNA levels. Figure 5A shows representative in vivo
images of the abdominal (ventral) region of control and
SnMP-treated mice 24h post-treatment. When fold change
from control was calculated (Fig. 5B), HO-1 transcription in
SnMP-treated mice increased 6.1-fold from pre-treatment lev-
els (pre-treatment: 4.5 � 105 versus post 24h: 28.4 � 105

photons/s, respectively) compared with controls (pre-
treatment: 4.6 � 105 versus post 24h: 6.2 � 105 photons/s,
respectively). Pre-treatment levels of both groups were similar
(Fig. 5B).
Figure 5C shows representative ex vivo images taken from

the liver, spleen, and intestine of these mice. All SnMP-treated

Figure 2. Mean � SD %HO activity left in the liver (A), spleen (B), and intestine (C) 3, 24, and 48h after oral administration of 30 �mol/kg BW of SnMP
(black), ZnBG (gray), or ZnPP (white), n � 5–7 mice for each time point. † p � 0.01, * p � 0.05 compared with the control levels.

Figure 3. HO-1 protein levels after oral administration of Mps. HO-1 protein
levels in the liver (A, n � 5 for each group and time point), spleen (B, n � 5),
and intestine (C, n � 5) at 3, 6, 24 and 48h following oral administration of
30 �mol/kg BW of SnMP (black), ZnBG (gray), ZnPP (white), or vehicle
(control). Values are shown as mean � SD fold increase over control levels.
† p � 0.01, * p � 0.05 compared with time-matched control mice.
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tissues had higher signal intensities than that of control tissues.
When RT-PCR was performed on these tissues, signal inten-
sities correlated not only with luc mRNA, but also with native
HO-1 mRNA for each tissue (Fig. 5D,E).

DISCUSSION

Some Sn and Zn Mps, those that are competitive inhibitors
of HO, have been proposed as potential drugs for the treatment
of severe neonatal hyperbilirubinemia. Early clinical studies
performed on human newborns with hemolytic jaundice, such
as Rhisoimmunization or ABO incompatibility, glucose-6-
phosphate dehydrogenase deficiency, or breastfeeding jaun-
dice showed that the intramuscular (IM) administration of
6-�moles of SnMP/kg BW is effective in preventing the
development of severe hyperbilirubinemia (7–10). Oral ad-
ministration of drugs is more desirable because this route is
less invasive than IM and IV (intravenous) injections, and is
more convenient in the outpatient setting. Previous reports
have shown that some Mps, such as ZnPP, tin protoporphyrin
(SnPP), and zinc mesoporphyrin (ZnMP) are not orally ab-
sorbed by rats (25–27), while ZnBG (18) and chromium
mesoporphyrin (CrMP) (28) are absorbed by neonatal rats.

However, there is little information regarding the absorption
and the potency of Mps in the mouse.
Because heme degradation by HO produces equimolar

amounts of CO and bilirubin, measurements of VeCO can
serve as an index of bilirubin production (21,29,30). In the
present study, we found that VeCO levels decreased following
the oral administration of SnMP, ZnBG, or ZnPP, demonstrat-
ing that they are absorbed in the adult mouse. These observa-
tions are in contrast to findings reported in rats where ZnPP
was not orally absorbed (27). These Mp absorption differences
may be due to species differences in gastrointestinal pH,
bacterial flora, or characteristics of the intestinal epithelial
cells and should be considered when human studies are initi-
ated. The most potent inhibitor was SnMP, followed by
ZnBG, and then ZnPP. In addition, SnMP had long-lasting
effects (�48h), while the effects of ZnBG and ZnPP were
short-acting as VeCO returned to baseline within 48h of
administration (Fig. 1). This in vivo variability in inhibitory
potency and duration of action is probably due to their differ-
ential absorption, body distribution, rate of elimination from
the body, and/or affinity for HO. These properties of Mps
could be used to design therapeutic strategies that are targeted
at selectively treating hyperbilirubinemia caused by a specific
heme load. For example, infants with hemolytic disease or

Figure 4. In vivo HO-1 transcription rates were assessed using the IVIS.
Representative images from three separate studies are shown at baseline and
3, 6, 24 and 48h after treatment with Mp. All images are displayed at the same
ranges (see rainbow scale) and quantitated as the total number of photons
emitted from the abdominal region at each time point. Results expressed as
fold change (mean � SD) from baseline levels and then normalized to control
mice (dotted line) after treatment with 30 �mol/kg BW of SnMP (A), ZnBG
(B), or ZnPP (C), n � 5–10 mice for each time point. † p � 0.01, * p � 0.05
compared with controls.

Figure 5. To show that in vivo HO-1 transcription levels as assessed by in
vivo BLI is an index of transcription, luc activity and luc and HO-1 mRNA of
tissues from mice treated with SnMP (n � 4) and vehicle (control, n � 3)
were correlated pre- and post 24h treatment. Light emission (photons) from
the abdominal region (red box) (A) was calculated as photons emitted and
expressed as mean � SD fold change from baseline; (B) Ex vivo images of
liver, spleen, and intestine were taken using BLI (C) and photon emission
quantitated and compared with control levels. Total RNA from these tissues
was then extracted and real-time RT-PCR was performed. Data were calcu-
lated as total number of mRNA molecules/40 ng total RNA, normalized to
�-actin, and expressed as mean � SD fold change from control levels (D: luc
mRNA, E: native HO-1 mRNA).
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closed-space bleeding could be treated with a highly potent
and long-lasting Mp (SnMP); whereas, transient severe hyper-
bilirubinemia (without an underlying disease) could be treated
with a short-acting Mp (ZnBG or ZnPP).However, the oral
absorption of Mps in humans has yet to be demonstrated.
Because the spleen and liver are the primary tissues where

heme degradation occurs, we measured in vitro HO activity in
these target tissues as well as in the intestine, a non-target
tissue. When in vitro HO activity in liver, spleen, and intestine
was measured following oral administration of SnMP, ZnBG,
and ZnPP, we found that HO activity mirrored that of VeCO
(Fig. 2). Again, SnMP was the most potent and long-lasting.
ZnBG was also potent, but displayed short-acting inhibition in
the liver and intestine. ZnPP was the least potent and the
shortest-acting.
VeCO and in vitro HO activity measurements show that

ZnBG is orally absorbed in the mouse as in neonatal rats as
described previously (18). Furthermore, ZnPP and SnMP are
also orally absorbed in mice. This is in contrast to what we
have previously observed where ZnPP was poorly absorbed in
mice after direct administration into the intestinal lumen of the
proximal region (unpublished observations). Therefore, our
results suggest that ZnPP is absorbed through the duodenum
and not likely absorbed in the stomach. Our data demonstrate
that SnMP is a potent drug that can be used via oral admin-
istration in mice. Previous reports have shown that several
drugs and toxic substances have species-specific absorption.
Dreyfuss et al. (31) reported that the absorptive rates of
nadolol, a �-adrenergic blocking agents, varies across species.
Also, Roberts et al. (32) demonstrated differences between
rats and mice in their absorption of cyclohexylamine after oral
administration.
Because we have previously found that SnMP and ZnPP

induce the expression of HO-1 in mice, and may negate its
clinical utility (14), we further evaluated the effects of these
Mps on HO-1 transcription. It is known that the HO-1 pro-
moter is induced by several conditions and compounds acting
on the transcriptional enhancer regions, such as heat-shock
and metal responsive element sites (29,33). In fact, we have
found that the mechanism of HO-1 gene induction by Mps
may be Mp-specific (unpublished observations). Our data
demonstrate that in vivo BLI correlates with luc and native
HO-1 mRNA levels for each tissue using SnMP-treated mice
(Fig. 5) as an example. Therefore, BLI can be used to assess
spatiotemporal changes of HO-1 gene expression in HO-1-luc
reporter mice after treatment with Mps. We have also found
that Zn2�, Sn4�, and Cr3� ions alone did not induce HO-1
transcription and, therefore HO-1 induction by these Mps does
not appear to be mediated by metal ions released from their
breakdown (13). Besides, we have found no evidence that they
are metabolized in vitro (34).
Recent studies by others show that the HO-1 promoter

region contains a sequence that up-regulates the gene in
response to heme or cobalt protoporphyrin (CoPP), but not
other Mps, such as CrMP and SnPP (33,35). However, we
now find that 24h after SnMP treatment, HO-1 transcription
increased 6-fold (Figs. 4, 5B), but after ZnBG or ZnPP
treatment, only small changes in HO-1 gene expression were

observed. A previous study reported that after IV administra-
tion, ZnBG did not affect HO-1 transcription, but in SnMP-
and ZnPP-treated mice, HO-1 transcription significantly in-
creased 3- to 10-fold (14). The lower absorption of ZnPP after
oral administration could explain the lower corresponding
increase in HO-1 transcription compared with IV injections.
Our HO protein data confirm that some Mps can induce

HO-1, while sparing HO-2, the constitutive isozyme (2).
SnMP was found to increase HO-1 protein levels in liver and
spleen 24h after treatment. However, in vivo bilirubin produc-
tion and HO activity of liver and spleen were still inhibited at
this time point. Therefore, the concern that SnMP can affect
HO-1 transcription may be of little importance since this effect
is transient and may not offset its long-lasting inhibitory effect
on HO activity in the liver and spleen. However, the contri-
bution of HO-1 induction by SnMP to the overall effect needs
to be investigated in a heme-loaded (increased HO substrate)
model, mimicking hemolytic conditions
The doses of SnMP used in this study greatly exceed those

proposed in human studies (7–10). Further work will be
needed to determine the effects of the drug at clinically-
relevant doses. The systemic effects of oral Sn and ZnMps
also need to be studied in neonatal animals
In conclusion, this report provides evidence that SnMP,

ZnBG, and ZnPP are orally absorbed at different rates in adult
mice and differentially affect bilirubin production and HO
expression and activity in a tissue- and time-dependent man-
ner. It also shows that, even at the high doses used, the
attenuating effect of these Mps on bilirubin production is
modest, with SnMP showing the largest effect. These obser-
vations could be helpful in designing therapeutic strategies
using Mps in the treatment of pathologic neonatal jaundice.
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