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Abstract
AIM: To explore an ideal method for extracting protoporphyrin
disodium (PPN) from unanticoagulated animal blood, and
to study the inhibitory effects of PPN on HBV-DNA duplication
and its cytotoxicity to 2.2.15 cell strain.

METHODS: Protoporphyrin methyl ester and other
intermediate products were prepared with protoheme
separated from protein hydrolysates of coagulated animal
blood, which were finally made into PPN and detected
quantitatively with an ultraviolet fluorescent analyzer.
Ten µg/ml, 20 µg/ml, 40 µg/ml, 80 µg/ml and 160 µg/ml of
PPN-aqueous solution were added into culture medium for
2.2.15 cells respectively. Eight days later, the drug
concentration in supernatant from the culture medium was
detected when inhibition rate of HBeAg, cell survival rate
when inhibition rate of HBeAg was 50% (ID50), and when
survival cells in experimental group were 50% of those in
control group (CD50), and the therapeutic index (TI) was
also detected. PPN with different concentration of 10 µg/ml,
20 µg/ml, 40 µg/ml, 80 µg/ml and 160 µg/ml was respectively
mixed and cultivated with HepG2 2.2.15 cell suspension,
and then the inhibition of PPN against HBV-DNA was judged
by PCR.

RESULTS: The extract of henna crystal was identified to be
PPN. When the concentrations of PPN were 160 µg/ml and
80 µg/ml, the inhibition rates of HBeAg were 89.8% and
82.4%, and the cell survival rates were 98.7% and 99.2%.

CONCLUSION: It is suggested that PPN can be extracted
from unanticoagulated animal blood. PPN can inhibit HBV-
DNA expression and duplication in vitro, and has no
cytotoxicity to liver cells. Further study and application of
PPN are warranted.
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INTRODUCTION
Protoporphyrin disodium (PPN) is a macrocyclic compound
with a conjugated double bond, which is consisted of four

pyrrole rings connected by four methylene bonds, and is a
derivative of porphine. PPN can be prepared with extracted
haemachrome originated from ferrohemoglobin in serum and
other chemicals. PPN is a pharmaceutics to improve liver
functions and can be used in clinical therapy for recovery of
injured liver cells.
     PPN could be obtained from fresh anticoagulant animal
blood according to reports[1-3]. But the PPN in this study was
obtained from fresh unanticoagualted animal blood, and the
method has not been reported in the literature.
      Hepatitis B is widely occurred in China, and severely affects
people’s health and the quality of life. In order to find out the
relationship between PPN and the expression and duplication
of HBV-DNA, hoping to seek for an effective therapy of
Hepatitis B, we designed an experimental in vitro study.

MATERIALS AND METHODS

Reagents
Unanticoagulated pig blood (from Huainan area), NaOH, zinc
powder, chloroform, skellysolve G, 2.2.15 cell strain (from
the Institute of Infectious Disease, Peking Medical University),
kit for ELISA (from Huamei Biological Engineering Co.,Ltd),
kit for PCR (from Huamei Biological Engineering Co.,Ltd).

Instruments
Tissue homogenate instrument (from Shanghai Biaomo),
magnetic stirring apparatus, glassy device of reflux, glassy
filter, chromatography column with neutral aluminium oxide
(from Shanghai-Jinhua Chromatography Equipment Factory),
drying oven by electrothermal blow (form Shanghai-Yuejin
Equipment Factory), gamma radio immunoassay counters
(from State-Operated Factory 262), CO2 incubator (from
Japan), SLT-Spectra-I enzyme analyzer (from America), DNA
amplifier (from Zhuhai Hema Bio-Tech Institute), ultraviolet
fluorescent analyzer (from Shanghai-Kanghua Biochemical
Instrument Manufactory).

Methods
Extraction of protoheme  1L homogenate of unanticogulated
pig bloods was added to a container, and 100 g NaOH was
added simultaneously during stirring until they were well
mixed. When the mixture changed into dilute solution after
placement for 24 h, it was heated and stirred by magnetic
stirring apparatus at the 80  to 90  for 12 hours. When the
mixture was naturally cooled to 60 , 1M HCL aqueous
solution was added into the mixture till precipitation of
protoheme occurred. The precipitation was taken out, washed
3 times with water and dried. Finally about 1.7g of protoheme
was obtained.
Preparation of crude protoporphyrin  1.5 g zinc powder
divided into six portions was added into the mixture of 250 ml
formic acid aqueous solution (85%) and 5 g protoheme under
the condition of heating, stirring and regurgitating respectively.
Each addition had an interval of 5 minutes. Then they were
heated and regurgitated once more for 20 min and then cooled
and filtered. Ammonium acetate aqueous solution (20%) was
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added into the filtrate, then the solution was filtered when
crystals occurred after placement for 12 h. After the crystals
were dissolved with 600 ml ammonia water (2%), ammonium
acetate aqueous solution (30%) was added into the solute and
placed for 12 h till crystallization occurred. The crystals were
filtered out and washed 3 times with 600 ml ammonium acetate
aqueous solution (2%) and 90 ml distilled water, respectively.
Then it was dried into crude protoporphyrin, which was a kind
of brown cystalline materials of about 2 g.
Preparation of protoporphyrin methyl ester  5 g crude
protoporphyrin was dissolved in 200 ml hydrochloric methanol
aqueous solution (1%), and the reactants were heated,
regurgitated for 20 min. Then 1 000 ml ammonium carbonate
aqueous solution (1%) was added into the above cooled
reactants and placed till crystallization occurred. The crystalline
materials were taken, and washed 3 times with distilled water,
then dissolved in 200 ml chloroform and the solute was taken
to pass through chromatography column with 1 000 g neutral
aluminium oxide. After the elution with prepared eluting agent
of chloroform and petroleum ether with volumetric proportion
at the ratio of 1 to 3 was completed, the eluent of protoporphyrin
methyl ester was collected and evaporated, and a kind of brown
cystalline materials was obtained. Then the brown cystalline
materials were crystallized 2 times with chloroform and
methanol, and 2 g protoporphyrin methyl ester was acquired.
Preparation of pure protoporphyrin  5 g protoporphyrin
methyl ester was dissolved in 150 ml HCL aqueous solution
(25%). After placed for 8 h, the reactants were neutralized
with NaOH aqueous solution (30%), then crystallization
occurred. The crystalline materials were isolated and washed
3 times with distilled water. After being dried, the crystalline
materials were re-crystallized 2 times with pyridine, and 2.5 g
brown pure protoporphyrin was obtained.
Preparation of PPN  The mixture of 10 g pure protoporphyrin,
5 g NaOH and 500 ml anhydrous alcohol was heated and
regurgitated for 2 h. Crystalline materials occurred after the
mixture was cooled. Then the crystalline materials were
isolated, washed 3 times with anhydrous alcohol and dried.
Finally, 9 g brown crystalline materials of PPN was obtained.
Inhibitory effects of PPN on HBV-DNA expression in vitro
2.2.15 cell strain was prepared based on human cancer cell
strain of the liver, HepG2, which had been infected with HBV-
DNA, could express all marks of duplications of HBV-DNA
effectively[4-17]. Regarding 2.2.15 cell strain as the target cell,
the effect of PPN on HBV-DNA was confirmed by detecting
the levels of HBeAg in culture supernatants with quantitative
methods.
      Procedure was as follows: 1×105/ml cell suspension was
prepared with 2.2.15 cell strain which grew well. One ml cell
suspension was added into each of the 24-hole plastic plate
respectively and cultivated. After incubation at 37  for 48 h,
fresh culture media with different concentrations of PPN
(10 µg/ml, 20 µg/ml, 40 µg/ml, 80 µg/ml, 160 µg/ml) were
then replaced every 3 days. Eight days later, supernatants were
collected and stored at 20  for detection of HBeAg levels
and cytotoxicity of PPN to liver cells. ELISA was used for
detection of HBeAg. The detailed procedure followed the
operating instructions. Inhibition rate (%)=(P/N values of the
control holes- P/N values of the study holes)/(P/N values of
the control holes -2.1)×100%, and ID50 represented the
concentration of PPN when the inhibition rate of HBeAg was
50%. The cytotoxicity of PPN to liver cells was detected by
MTT to determine the survival rate of liver cells. The survival
rate of liver cells (%)=values of the study holes (A595-A650)/ values
of the control holes (A595-A650)×100%. CD50 represented the
concentration of PPN when the number of the survival cells
in the detected holes to the survival cells in the study holes
was 50%.

      Inhibitory effects of PPN on HBV were evaluated with TI
(TI=CD50/ID50). When TI<1, PPN was cytotoxic and poorly
effective on liver cells. When 1<TI<2, PPN was cytotoxic and
effective. When TI 2, PPN was mildly cytotoxic and
effective. The higher the values of TI, the greater the inhibitory
effects of PPN on HBV and the less the cytotoxicity of PPN to
liver cells[18,19] (Table 1).
Inhibitory effects of PPN on HBV-DNA duplication in
vitro  PPN was diluted to a series of solutions with different
concentrations (including 10 µg/ml, 20 µg/ml, 40 µg/ml,
80 µg/ml and 160 µg/ml) by aseptic techniques for further
use. HepG2 2.2.15 cells in good cultivation were dispensed to
the suspension with a concentration of 1×105/ml, 6 identical
shares of it were subsequently taken out, PPN with the
concentration of 10 µg/ml, 20 µg/ml, 40 µg/ml, 80 µg/ml and
160 µg/ml respectively was added to 5 of 6, the remaining one
had no PPN. After a period of cultivation, the cells were
collected, then whole genome DNA of them was extracted by
using CASSupper blood genomic DNA isolation kit and
further amplified by PCR. The amplification system included
10×buffer 25 ul, dNTP 3 ul, sense 0.5 ul, anti-sense 0.5 ul,
TaqE 1.5 ul and template 2 ul. The parameters included at
95  for 5 min, at 94  for 30 s, at 55  for 30 s, at 72  for
30 s, 35 cycles and extension at 72  for 5 min. The final
products with DGL-2000 were further performed with routine
electrophoresis. During the process of analysing by using agarose
gel electrophoresis containing EB, each hole was added 10 ul
of products and placed at 80-100V for 20 min. Lastly, the agar
plates were observed by ultraviolet fluorescence analysis.

RESULTS

General characterisics of PPN
The prepared PPN was brown crystalline materials, soluble in
water, slightly soluble in methyl alcohol, but not soluble in
chloroform, diethyl ether or dimethy ketone. PPN displayed
absorption peaks at wavelengths of 600 nm, 556 nm and
408 nm, and the maximal absorption wavelength was 408 nm.
When exposed to ultraviolet, strong fluorescence could be
observed in red[3].

Quantitative detection of PPN
According to the fact that when PPN was dissolved in 1.37M
HCL and placed at wavelength of 408 nm, the E         was
4.81×103, the purity of PPN extract was detected to be 97.3%.

Inhibitory effects of PPN on HBV-DNA in vitro

Table 1  Inhibition of PPN on HBV-DNA expression in vitro

PPN (µg/ml)     OD Inhibition rate           Survival rate
of HBeAg (%)          of liver cell (%)

160     1.20          89.8       98.7
  80     1.30          82.4       99.2
  40     1.50          56.7     100
  20     1.85          32.3     100
  10     2.30            5.5     100

CD50=279.4 µg/ml, ID50=37.4 µg/ml, TI=7.47.

      Table 1 shows that when the concentrations of PPN were
160 µg/ml and 80 µg/ml, the inhibition rates of HBeAg were
89.8% and 82.4% respectively and cellar survival rates were
98.7% and 99.2%, TI=7.47.
     It was obvious that the luminance of amplified bands of
samples without addition of PPN was the brightest, while that
of samples with addition of PPN decreased gradually
accompanying increased concentration of PPN.

 



DISCUSSION
While fresh anticoagulated animal blood was used as raw
materials to prepare PPN, the harvest, transportation, and
preservation of the raw materials needed a strict condition,
which made the source of raw materials limited, working cost
increased and the scale of production limited. In this study,
unanticoagulated animal blood was used as raw materials to
prepare PPN, that is, the form of the raw materials was
improved. Using unanticoagulated animal blood as raw
materials to prepare PPN, fine PPN could be obtained. The
method is an ideal way of preparing PPN at present. Meanwhile,
it can solve the problems mentioned. In addition, during the
whole process of preparation, the special, expensive reagents
are not necessary and also some reagents can be retrieved for
reuse. The method is simple and convenient in its process of
preparation and its production cost is lower. If some of amino
acids produced during the preparation were studied, analyzed
and purified, the additional value of the raw materials would
be increased, so that large amount of animal blood resource
can be fully utilized.
   Protoporphyrin is the necessary component  of
ferrohemoglobin, myohemoglobin, cytochrome, catalase and
tryptophan pyrrolase in human body. Protoporphyrin showed
a circular structure in somatic cells, and could easily combine
with metallic ion to form metallic porphyrin[21]. In the case of
liver disease, liver functions might be in disorder, porphyrin
and metallic porphyrin in bile decrease as well as the activity
of catalase in liver would decrease. Therefore, PPN could
activate the biosynthesis of porphyrin and metallic porphyrin
in cells as demonstrated by in vitro test, increase the quantity
of metallic porphyrin in cells, inhibit the decrease of activity
of catalase, improve cellular respiration and regeneration, and
decrease the necrosis of liver cells with recovery of its function.
Based upon the above metabolic properties, PPN could
improve blood flow and utilization rate of oxygen by liver and
other related organs, accelerate the respiration of histocytes,
improve metabolism of proteins and carbohydrates, enhance
effects of complement fixation, and enhance immunity, anti-
inflammation and anti-anaphylaxis potentials of the organism.
Thus, PPN has been constantly studied and applied as an
improving agent of liver functions[22-32]. At present, PPN is
being studied for its antineoplastic effects in foreign countries.
Inhibitory effects of PPN on expression and duplication of
HBV-DNA in vitro was studied by us from another point of
view. As table 1 shows, PPN could inhibit expression of HBV-
DNA in vitro and had no cytotoxic action, and it is not difficult
to see that the luminance of amplified bands decreased
gradually with increased concentration of PPN. The mechanism
of action in the above results might be that some intermediary
metabolites of PPN in liver cells could affect antisense
oligonucleotides (ASONs) located at pre-C and C gene regions
of HBV and also adjust genes ENH I of HBV through ASONs.
Then it could finally inhibit the duplication of HBV-DNA and
the expression of HBeAg in host cells[33-35]. Therefore, further
study and application of PPN in clinical therapy of hepatitis B
should be carried out.
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