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A B S T R A C T
Danmo Capsule (DMC) is a patent Chinese botanic drug, widely used in
combinational therapy with prednisone in China to treat renal diseases. The
combined therapy regimen can reduce the dosage of glucocorticoids and relieve
symptoms of glucocorticoid related adverse drug effects. Previous study from our
laboratory showed that co-administration of the DMC significantly increased the
plasma Cmax and AUC of glucocorticoid in rats. However, the effect of DMC on
prednisone/prednisolone  tissue  distribution  remains  unclear.  Therefore,  the
purpose of the current research was to study the tissue distribution of
prednisone/prednisolone in rats after DMC was co-administered. Rats were treated
with control vehicle or DMC (0.432 g kgG1) for 14 days before prednisone acetate
(42 mg kgG1) was orally given. Samples from the heart, liver, spleen, lung, kidney,
brain, fat, muscle, testes, small intestine and thymus were collected at different time
points. The concentrations of prednisone and prednisolone were determined by
high-performance liquid chromatography. Compared with prednisone alone group,
the prednisone concentrations in rat lung, kidney, heart, muscle, small intestine and
fat were increased in DMC treated groups, while those in liver, spleen, brain and
thymus were decreased. However, the prednisolone concentrations in liver, lung,
small intestine and thymus were increased, while those in kidney, fat, muscle, testes
and heart were decreased following DMC pre-treatment. These results indicated
that the alteration of prednisone/prednisolone levels in important tissues, when
DMC was co-administered, may contribute to the effect of DMC in reducing
adverse drug reactions of glucocorticoid and lowering its dosage administered.

Key words: Prednisone, tissue distribution, danmo capsule, high performance
liquid chromatography, drug-drug interaction

INTRODUCTION

Prednisone, a synthetic corticosteroid, is commonly
prescribed as an immunosuppressive agent in the treatment of
immunological diseases, such as systemic lupus
erythematosus, rheumatoid arthritis, polymyositis and
nephrotic syndrome. Long term therapy with prednisone has
been shown to result in various adverse effects, such as
myopathy, osteoporosis, hyperglycaemia, electrolyte
abnormalities, hypertension and truncal obesity.

As an ester pro-drug, prednisone can be rapidly and
extensively converted by 11β-hydroxysteroid dehydrogenase
to    prednisolone,    its    active    11β-hydroxylmetabolite
(Conti et al., 1994; Garg and Jusko, 1994; Jusko and Rose,
1980). Pharmacokinetic profiles of prednisone and
prednisolone are complex, which involve hepatic
hydroxylation  by  drug  metabolizing  enzyme  CYP3A4,
efflux  by  drug  transport  protein  P-glycoprotein  (P-gp),
inter-conversion between prednisone and prednisolone and
renal   excretion   of   unmodified   drugs  (Chan  et  al.,  2009;
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Frey and Frey, 1990; Karssen et al., 2002; Pichard et al., 1992;
Yates et al., 2003). Therefore, it presents an increasing
possibility of the potential drug-drug or herb-drug interaction
between prednisone/prednisolone and other co-administered
drugs, which share the same routes of drug metabolism and
transport.

In China, Traditional Chinese Medicine is employed with
western  medicine to treat lots of chronic diseases, such as
non-acute bronchial asthma (Zhao et al., 2012),
myelosuppression induced by chemotherapy or radiotherapy
(Jia et al., 2015), functional dyspepsia (Yang et al., 2013,
2000), as well as chronic kidney disease (Wang et al., 2012)
and immunoglobulin A nephropathy (Wei et al., 2013).
Danmo capsule (DMC) is a patent Chinese botanic drug,
prepared with the extract of Eclipta prostrata and Radix
salviae miltiorrhizae. It is widely used in combinational
therapy with prednisone in China to treat renal diseases, such
as glomerulonephritis, nephrotic syndrome and lupus nephritis.
The combined therapy regimen can reduce the dosage of
glucocorticoids and relieve symptoms of glucocorticoid related
adverse drug effects (Jinping et al., 2003; Lo et al., 1992;
Wang et al., 2010; Wu and Yeung, 2010; Zhou et al., 2012).

Previous study from our laboratory showed that the
plasma Cmax and AUC of glucocorticoid were significantly
increased,   when   DMC   was   co-administered   in   rats
(Ren et al., 2013). However, the effect of DMC on
prednisone/prednisolone tissue distribution has not yet been
clarified. Therefore, the purpose of the current study was to
study the tissue distribution of prednisone/prednisolone in rats
after DMC was co-administered.

MATERIALS AND METHODS

Experimental animals: Male Sprague-Dawley rats weighing
between  220  and  310  g  were  supplied  by  the  Laboratory
of Animal  Service  Center  of  Guangdong  Province
(Guangzhou, China). The animals were kept in a 22-24°C
room with a light/dark cycle of 12:12 h and 55-60% relative
humidity. They had free access to standard rodent food and
water. All studies were conducted in accordance with the
Regulations of Experimental Animal Administration issued by
the State Committee of Science and Technology of People’s
Republic of China.

Chemical and reagents: Prednisone and prednisolone with a
purity of 98% and dexamethasone (internal standard, IS) with
a purity of 95% as determined by HPLC with ultraviolet (UV)
detection   was   provided   by   Sigma   Aldrich   Corporation
(St.    Louis,    MO,    USA).    Prednisone    acetate    tablets
(5  mg  per  tablet)  were  produced  by  Huanan
Pharmaceutical Inc. (Guangdong, China) and Danmo Capsule
(0.4 g per capsule) were produced by the First Affiliated
Hospital of Sun Yat-Sen University (Guangdong, China).

Methanol  and  acetonitrile  of  HPLC  grade  were  purchased
from TEDIA Company Inc., Beijing, China. All other reagents
were of analytical grade or HPLC grade, when appropriate.
Ultra-pure water was obtained from a Milli Q-plus system
(Billerica, MA, USA).

Preparation of standard and quality control samples: The
stock standard solutions of prednisone, prednisolone and
dexamethasone were prepared by dissolving the accurately
weighed individual compounds in methanol-water (55:45, v/v)
to give a final concentration of 200 μg mLG1. The solutions
were  then  serially  diluted  with  methanol-water (55:45, v/v)
to    obtain    working    solutions    at    concentrations    over
10-5000 ng mLG1 for prednisone and prednisolone and a
working solution of dexamethasone at 500 ng mLG1. The stock
solutions of the analyte or IS were stored at -80°C and the
working solutions were stored at 4°C and were brought to
room temperature before use. The analytical standard and
Quality Control (QC) samples were prepared by spiking blank
rat tissue homogenates with standard working solutions during
validation and each experimental run for tissue distribution
study.  Calibration  samples  were  made  at  concentrations  of
10, 20, 50, 100, 200, 500, 1000, 2000 and 5000 ng mLG1 for
prednisone and prednisolone. Quality control samples were at
concentrations of 15, 250 and 4500 ng mLG1.

Sample preparation: The 20 μL of dexamethasone was added
to 100 μL of rat tissue homogenate in a 1.5 mL test tube and
vortexed. Sodium hydroxide solution (0.1 mol LG1, 20 μL) was
added and vortexed for 1 min. The 600 μL Ethyl acetate was
then added and vortex-mixed for another 1 min. After
centrifugation at 10800 rpm for 10 min, the supernatant was
transferred to a clean 1.5 mL centrifuge tube and evaporated
to dryness. The residues were dissolved in 20 μL of
acetonitrile and vortexed for 1 min. After centrifugation at
10800 rpm for 5 min, an aliquot (10 μL) of the reconstitute
was injected onto the HPLC for analysis.

Equipment and chromatographic conditions: A reverse
phase  HPLC  system  consisting  of  water  pump  600  and
auto-sampler 717 coupled to a 2489 UV/V is detector
(Milford, MA, USA) was used for solvent and sample delivery
(Gai et al., 2005). Chromatographic separation was achieved
by using a NucleodurTM 100-5C 18ec column (5 μm particle
size, i.d. 4.6×250 mm) at 40°C. The mobile phase consisted of
methanol:   0.2%   phosphoric   acid   in   deionized   water
(55:45,  v/v, A) and acetonitrile (B). The low rate was set at
1.0  mL  minG1,  with  100-100%  (v/v)  A  at  0.0-15.0  min,
100-20%  A  at  15.0-18.0 min, 20-20% A at 18.0-23.0 min,
20-100%   A   at   23.0-28.0   min   and   100-100%   A   at
28.0-35.0 min. The detection wavelength was set at 240 nm.
The total running time was 35 min for each sample.
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Method validation
Specificity: The selectivity of the method was demonstrated
by comparing chromatograms of blank rat tissue homogenate
(without IS), rat tissue homogenate spiked with the analytes
and IS and tissue homogenate from drug treated rats. All blank
tissue homogenates were prepared and analyzed to ensure the
absence of interfering peaks.

Calibration curves: Calibration standard was prepared as
described above in triplicate and analyzed on three consecutive
days. The linearity of the method was assessed by analyzing
prednisone and prednisolone samples over 10-5000 ng mLG1

concentration ranges in rat tissues. The peak area ratio of
analyte to IS against the concentration of analyte was plotted
using 1/X2 as the weighting factor. The slope, intercept and the
correlation coefficient (r2) for each standard curve from each
analytical run were determined automatically by Massllynx
version 4.0 software program.

Precision and recovery: Intra-and inter-batch precision and
recoveries of analyte were evaluated at low, medium and high
level of QC samples. The precision was defined as, the
Relative Standard Deviation (RSD%), while recoveries were
calculated by comparing the observed peak area ratios in
samples to those non-processed standard solutions at the same
concentrations.

Tissue distribution study: Rats were randomly divided into
two groups. In group 1, rats orally received DMC by gavage
at a dose of 0.432 g kgG1 dayG1. In group 2, 0.1% kgG1 dayG1

of sodium carboxymethyl cellulose was given to rats orally.
All rats were dosed for 14 days and sacrificed at 0.5, 0.75, or
4 h after oral administration of 42 mg kgG1 prednisone acetate.
Major organs and tissues including the heart, liver, spleen,
lung, kidney, brain, fat, muscle, testes, small intestine and
thymus were removed. The tissues were quickly excised,
rinsed well with ice-cold saline, blotted dry and weighed. The
samples  were  homogenized  in  ice-cold  saline  to prepare
0.5 g mLG1 homogenates. Blank tissue homogenates were
prepared in a similar manner using rats without prior exposure
to prednisone or DMC. The tissue homogenates were stored at
-80°C until assay.

Statistical analysis: Data are presented as the Mean±SD.
Student's t-test was performed for statistical comparison of the
results. The criterion of significance was set at p<0.05 and
tests  were  performed  using  SPSS  version  12.0  software
(SPSS Inc, Chicago, IL, USA).

RESULTS

Method validation: Representative chromatograms of the
analytes in rat liver and kidney are shown in Fig. 1. The
retention  times  for  prednisone,  prednisolone  and  IS  were
8.7, 11.3 and 16.2 min, respectively. No significant
interference from endogenous substances or metabolites was
observed at the expected retention times of the analytes and IS,
indicating the reliability of the method.

The calibration curves showed good linearity over the
concentration range of 10-5000 ng mLG1 in rat tissue
homogenates with a correlation coefficient (r2) larger than
0.99. Representative regression equations of the standard
curve, correlation coefficient values and linear ranges for
prednisone  and  prednisolone  in  rat  tissues  are  listed  in
Table 1.

The intra-and inter-batch precision and recovery data for
prednisone and prednisolone in representative rat tissues are
summarized in Table 2. Intra-batch precision of prednisone
and prednisolone ranged between 0.84 and 14.81% and the
inter-batch precision of prednisone and prednisolone was
between 1.21 and 13.74%. The recoveries of prednisone and
prednisolone  from  rat  tissue  homogenates  ranged  over
85.66-100.53 and 85.31-103.58%, respectively and were
similar at all concentrations without concentration dependence.
These results indicate that the precision values and extraction
efficiency for the analytes are acceptable.

Tissue distribution study: The tissue distribution study was
conducted in rats receiving oral administration of 42 mg kgG1

prednisone acetate with or without 0.432 g kgG1 dayG1 DMC
pre-treatment.  The  rats were then sacrificed at 0.5, 0.75 and
4 h post-dose of prednisone acetate at 14 days according to our
previous research (Ren et al., 2013). The results of tissue
concentration  of  prednisone  and prednisolone were presented

Table 1: Standard curves, correlation coefficients and linear ranges of prednisone and prednisolone in tissue samples (concentration of IS = 500 ng mLG1)
Prednisone Prednisolone
------------------------------------------------- -------------------------------------------------

Tissues Standard curves r2 Standard curves r2 Linear ranges (ng mLG1)
Heart y = 0.8387x-0.6972 0.9927 y = 0.6932x-0.6523 0.9929 10-5000
Liver y = 1.5744x-0.0583 0.9997 y = 1.5572x-0.0866 0.9990 10-5000
Spleen y = 1.5319x+0.2263 0.9991 y = 2.2794x+0.1561 0.9998 10-5000
Lung y = 1.6711x+0.0128 0.9991 y = 1.4106x-0.0044 0.9996 10-5000
Kidneys y = 0.8211x-0.2671 0.9998 y = 0.6867x-0.127 0.9997 10-5000
Brain y = 2.0089x-0.0377 0.9996 y = 1.6567x-0.0265 0.9998 10-5000
Fat y = 0.7918x-0.334 0.9989 y = 0.7178x-0.4821 0.9983 10-5000
Testes y = 2.1813x-0.0876 0.9991 y = 1.785x-0.0537 0.9994 10-5000
Muscle y = 0.9194x-0.3214 0.9988 y = 0.758x-0.3377 0.9985 10-5000
Small intestine y = 0.7822x+0.0744 0.9996 y = 0.6507x+0.079 0.9997 10-5000
Thymus y = 0.8938x-0.219 0.9993 y = 0.7433x-0.1593 0.9994 10-5000
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Fig. 1(a-f): Chromatograms  of  the  analytes  in  rat  liver  and  kidney,  (a,  d)  Representative  chromatograms  of  blank  tissues,
(b, e) Blank tissues spiked with 1: Prednisone, 2: Prednisolone, 3: Dexamethasone (I.S.) and 4: Corticosterone and
(c, f) Tissue samples from a rat after receiving oral dose of DMC and prednisone acetate

in Fig. 2 and 3. Prednisone and prednisolone were widely
distributed and detected at 0.5 h post-dose (the earliest time
point of sampling), reaching peak levels in most tissues within
0.75 h after oral administration.

Prednisone was detectable in various tissues except for the
testes 0.5 h after prednisone acetate administration in
prednisone treated alone group and lungs, 4 h after prednisone
acetate  administration  in   prednisone+DMC   treated   group.
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Table 2: Intra- and inter-batch precision and recovery for determination of prednisone and prednisolone in rat tissue samples (n = 5)
Intra-batch precision (RSD/%) Inter-batch precision (RSD/%) Recovery (%)
------------------------------------- ------------------------------------- ----------------------------------------------

Tissues Concentration (ng mLG1) Prednisone Prednisolone Prednisone Prednisolone Prednisone Prednisolone
Heart 15 8.68 8.74 10.33 9.28 89.52±7.77 85.69±7.49

250 0.87 0.84 1.21 1.40 92.47±0.80 85.71±0.72
4500 1.07 1.21 2.25 2.30 95.96±1.03 86.30±1.04

Liver 15 7.47 8.67 9.85 13.60 87.63±6.55 86.87±7.53
250 5.34 7.82 1.44 1.84 92.73±4.95 88.80±6.94
4500 6.01 8.71 6.69 8.49 90.67±5.45 89.70±7.81

Spleen 15 14.08 14.45 9.29 10.90 87.17±12.27 88.87±12.84
250 1.60 1.50 2.76 3.46 92.01±1.47 92.37±1.39
4500 2.55 2.61 4.11 4.65 94.81±2.42 89.19±2.33

Lung 15 14.81 14.08 13.74 12.05 100.53±14.89 88.64±12.48
250 3.14 2.91 5.92 7.47 99.99±3.14 103.58±3.01
4500 1.15 1.13 1.75 1.70 96.63±1.11 90.41±1.02

Kidneys 15 9.88 11.03 7.90 6.59 85.76±8.47 85.93±9.47
250 6.85 4.78 8.31 10.49 90.34±6.19 85.50±4.09
4500 6.32 10.31 12.10 11.60 96.32±6.09 85.31±8.80

Brain 15 7.47 8.18 7.91 7.36 88.77±6.63 85.72±7.01
250 4.33 4.78 2.08 3.57 90.47±3.92 89.89±4.30
4500 3.66 3.71 4.90 9.64 99.68±3.65 90.19±3.35

Fat 15 6.67 5.52 11.28 11.23 86.45±5.77 85.07±4.70
250 3.93 4.75 13.00 14.76 94.14±3.70 86.27±4.10
4500 4.42 3.41 12.59 12.97 92.73±4.10 85.81±2.93

Testes 15 4.74 3.76 10.65 8.87 87.00±4.12 86.64±3.26
250 2.57 5.52 12.78 12.90 97.87±2.52 91.59±5.06
4500 5.28 4.14 10.11 12.62 95.93±5.07 96.02±3.98

Muscle 15 7.14 8.35 12.55 11.62 87.13±6.22 85.38±7.13
250 4.68 4.59 8.87 11.43 91.32±4.27 86.42±3.97
4500 4.79 6.36 8.27 13.20 99.09±4.75 89.30±5.68

Small intestine 15 9.14 7.42 10.80 10.53 85.66±7.83 85.93±6.38
250 3.69 3.17 14.11 13.21 94.01±3.47 88.76±2.81
4500 6.26 6.91 8.59 9.85 91.03±5.70 89.81±6.21

Thymus 15 13.67 5.88 12.60 10.83 87.01±11.89 85.65±5.04
250 3.13 3.05 11.15 14.49 92.28±2.89 87.99±2.68
4500 2.43 5.24 10.45 8.41 91.03±2.21 89.90±4.71

The small intestine, thymus, brain, fat and muscle had higher
prednisone concentration among all the detected tissues.
Compared  with  prednisone  treated  alone  group,  the
prednisone  level  was  increased  by  DMC  pre-treatment  in
lung  (0.5  and  4  h),  kidney  (0.5  h),  heart  (0.75  h),  muscle
(0.75 and 4 h), small intestine (0.75 h), fat (4 h). On the other
hand, pre-treatment of DMC decreased the prednisone level in
liver (0.75 and 4 h), spleen (0.75 h), thymus (0.75 h) (Fig. 2).

Prednisolone is the active 11β-hydroxylmetabolite of
prednisone converted by 11β-hydroxysteroid dehydrogenase
(11β-HSD ). Prednisolone was presented in most of the tissues,
but undetectable in kidney and brain 4 h post-dose of
prednisone acetate in both group and lung 4 h post-dose of
prednisone acetate in prednisone treated alone group. High
levels of prednisolone were observed in small intestine,
thymus, liver and lung. The DMC pre-treatment also changed
the tissue distribution of prednisolone in various tissues.
Compared with prednisone treated alone group, the
prednisolone level was increased by DMC pre-treatment in
liver (0.5 h), lung (0.5, 0.75 and 4 h), thymus (0.5 h), in small
intestine (0.75 and 4 h). On the other hand, pre-treatment of
DMC decreased the prednisolone level in kidney (0.75 h), fat
(0.75 h), muscle (0.75 h) (Fig. 3).

DISCUSSION

The DMC is used in combinational therapy with
prednisone to treat renal diseases, which may reduce the
dosage of glucocorticoids and relieve symptoms of
glucocorticoid related adverse drug effects and also
significantly increased the plasma Cmax and AUC of
glucocorticoid in rats (Ren et al., 2013). The aim was to study
the tissue distribution of prednisone/prednisolone in rats after
DMC was co-administered.

The DMC is the extract of 50% Radix Salviae
miltiorrhizae and 50% Eclipta prostrate (weight/weight),
which is manufactured by a pharmaceutical company. The
quality control test of the batch of capsules is to determine the
salvianolic acid B by HPLC. The amount of salvianolic acid B
is not less than 0.9 mg for each capsule, which keep the
consistent quality of different batch of the capsule formulation.
In China DMC is usually used in combinational therapy with
prednisone to treat glomerulonephritis, nephrotic syndrome
and lupus nephritis. When DMC is combined of prednisone to
treat 68 patients with adult primary nephritic syndrome,
patients had significantly more improvement than with
prednisone  alone  (85.3   vs.,   56.1%),   lower   adverse   drug
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Fig. 2(a-c): Tissue distributions of prednisone at different
times. Concentration of prednisone in the tissues
of rats at (a) 0.5 h, (b) 0.75 h and (c) 4 h after
receiving a single oral dose of prednisone acetate
(42 mg kgG1) with or without pre-treatment of
DMC  (0.432  g  kgG1)  for  14  days  (Mean±SD,
n = 3)

reactions  in  combined  treatment  patients  were  also
observed (14.8 vs., 48.4%) (Ye et al., 1993). Higher effective
percentage of DMC with prednisone was also obtained in 148
patients with lupus nephritis than in 142 patients with western
medicine treatment (85.1 vs., 73.9%), different adverse drug
reactions  were  also  observed  in  the  two  group  patients
(14.8 vs., 48.4%) (Luo et al., 1998).

The metabolism and transport of prednisone/prednisolone
mainly  involve  CYP  3A4  enzyme,  P-gp  transporter  and
11β-hydroxysteroid   dehydrogenase   (11β-HSD).    11β-HSD,

Fig. 3(a-c): Tissue distributions of prednisolone at different
times. Concentration of prednisolone in the tissues
of rats at (a) 0.5 h, (b) 0.75 h and (c) 4 h after
receiving a single oral dose of prednisone acetate
(42 mg kgG1) with or without pre-treatment of
DMC  (0.432  g  kgG1)  for  14  days  (Mean±SD,
n = 3)

which  consists  of  two  distinct  enzymes,  11β-HSD  I and
11β-HSD II, catalyzes the inter-conversion between
prednisone and prednisolone (Kimura et al., 2010; Liu et al.,
2006; Quintieri et al., 2008). The 11β-HSD I is expressed in
target organs, such as liver, kidney, testicle, ovary and fat
tissue, where prednisone is activated and extensively
converted to prednisolone (Brozic et al., 2009; Odermatt and
Nashev, 2010; Schnackenberg, 2008; Staab and Maser, 2010).
The 11β-HSD II, however, is a powerful inactivator of
glucocorticoid and  presents  in  kidney,  pancreas  and  rectum
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(Ferrari, 2010; Saiah, 2008). Previous studies indicate that the
level of active glucocorticoids increased with increasing
activity of 11β-HSD I or decreasing activity of 11β-HSD II in
kidney, leading to adverse drug reaction, such as hypertension
(Staab  and  Maser, 2010). Moreover, increased activity of
11β-HSD I in adipose tissues resulted in higher levels of active
glucocorticoids, accelerated the breakdown of fat and caused
fat redistribution and central obesity. Therefore, the local
concentration of 11β-HSD in different tissues may contribute
to the glucocorticoid associated adverse drug reactions. In the
current study, the prednisolone concentration was decreased in
kidney, testes, muscle and fat tissues in DMC pre-treated rats,
indicating the effect of DMC in regulating tissue distribution
of prednisolone, which may attribute to the reduced adverse
drug reactions of glucocorticoid by DMC. Recently reported
data from our laboratory reveal that the enzyme activity, gene
and protein expression of rat kidney 11β-HSD II are reduced
by oral administration of Eclipta prostrata, one of the major
constituents of DMC (Xu et al., 2014). The effect of DMC in
reducing adverse drug reactions of glucocorticoid may thus be
regulated through 11β-HSD enzymes.

CONCLUSION

In summary, the prednisone/prednisolone levels in
important rat tissues are affected by oral administration of
DMC alters, which may attribute to the effect of DMC on
reducing adverse drug reactions of glucocorticoid and
lowering its dosage administered in patients undergoing
combinational therapy.
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