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Abstract
AIM: To develop a pharmacodynamic model of portal 
hypertension from chronic hepatitis.

METHODS: Pathological changes and collagen depo-
sitions were analyzed using morphometry to confirm 
CCl4-induced chronic hepatitis. At d0, d28, d56 and d84 of 
the process, the portal perfused velocities (μL/min) in 
isolated rat livers were exactly controlled with a quanti-
fied pump. The pressure (mmHg) was monitored with 
a Physiological System. The geometric concentrations 
of phenylephrine or acetylcholine were added to a 
fixed volume (300 mL) of the circulating perfusate. The 
equation, the median effective concentration and its 
95% confidence intervals of phenylephrine or acetyl-
choline were regressed with Prism-4 software in non-

linear fit and various slopes. In the isolated perfused 
rat livers with chronic hepatitis, both median effective 
concentrations were defined as the pharmacodynamic 
model of portal hypertension.

RESULTS: At d0, d28, d56 and d84, the equations of portal 
pressure potency from the concentrations of phenyleph-
rine used to constrict the portal vein in isolated perfused 
rat livers were Y = 0.1732 + 0.3970/[1 + 10(-4.3061-0.4407 

X)], Y = -0.004934 + 0.12113/[1 + 10(-3.1247-0.3262 X)], Y = 
0.0104 + 0.2643/[1 + 10(-8.8462-0.9579 X)], and Y = 0.01603 
+ 0.12107/[1 + 10(-5.1134-0.563 X)]; the median effective 
concentrations were 1.69 × 10-10 mol/L, 2.64 × 10-10 
mol/L, 5.82 × 10-10 mol/L, and 8.24 × 10-10 mol/L, re-
spectively. The equations from the concentrations of 
acetylcholine used to relax the portal vein were Y = 
-0.4548 + 0.3274/[1 + 10(6.1538 + 0.5554 X)], Y = -0.05391 + 
0.06424/[1 + 10(3.8541 + 0.3469 X)], Y = -0.2733 + 0.22978/[1 
+ 10(3.0472 + 0.3008 X)], and Y = -0.0559 + 0.053178/[1 + 
10(5.6336 + 0.5883 X)]; the median effective concentrations 
were 8.40 × 10-10 mol/L, 7.73 × 10-12 mol/L, 5.98 × 10-11 
mol/L, and 2.66 × 10-10 mol/L, respectively.

CONCLUSION: A pharmacodynamic model of portal 
hypertension in isolated perfused rat livers with chronic 
hepatitis was defined as the median effective concen-
trations of phenylephrine and acetylcholine.
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INTRODUCTION
Patients with portal hypertension have significant mor-
tality[1]. A lack of  drugs[2] to treat this disease is derived 
from the failure to use the reversible mechanisms in its 
pathogenesis[3]. Being similar to amiloride, a candidate 
drug for portal hypertension[4], molecules from medical 
plants have been demonstrated to affect portal hyperten-
sion in rats[5-7] and in patients[8] with chronic hepatitis. 
The effect of  these molecules on relaxation of  the extra-
hepatic portal rings did not account for the efficacy of  
these therapies in vivo[9]. A novel mode of  portal perfusion 
has been characterized with both controlled velocity and 
monitored pressure in the isolated portal perfused rat 
liver (IPPRL)[10-12]. With the primary velocity and preload 
at the various advanced stages of  CCl4-induced chronic 
hepatitis in rats, constriction with phenylephrine (PE) and 
relaxation with acetylcholine (Ach) were more sensitive 
than those reported previously[13,14]. With standardization 
of  the IPPRL[15], both median effective concentrations of  
Ach and PE were defined as the pharmacodynamic model 
of  portal hypertension. Both the controlled velocity and 
monitored pressure made the model sensitive enough for 
the basis of  systems biology in portal regulation[16].

MATERIALS AND METHODS
Materials
Thirty two healthy male Wistar rats weighing 200-220 g 
were supplied by the Animal Center of  the Chinese 
Academy of  Medical Sciences. Standard rodent pellets 
for rats were prepared by Beijing Scientific Animal Feed-
stuff  Company. The study was approved by the Animal 
Study Committee of  the Chinese Academy of  Medical 
Sciences. All experimental procedures were performed in 
accordance with the Guidelines of  Animal Experiments 
from the Committee of  Medical Ethics, National Health 
Department of  China. All rats were maintained in a tem-
perature-controlled room (25.0  ℃ ± 0.2  ℃) in the SPF 
laboratory, with a 12-h/12-h light/dark photoperiod and 
45% ± 2% humidity. The rats were fed standard rodent 
pellets and allowed free access to tap water throughout 
the experiment. 

Carbon tetrachloride (CCl4, MW 153.84, CAS 56-23-5), 
Olive oil (CAS 8001-25-0) and Heparin sodium (MW 
12  000, CAS 9041-08-1) were purchased from Sinopharm 
Chemical Reagent Company to induce chronic hepatic 
hepatitis or for anticoagulation.

As the perfusate in portal perfusion, Krebs-Henseleit 
solution consisted of  KCl 4.7, KH2PO4 1.2, CaCl2 2.5, 

MgSO4 1.2, NaCl 118, and Glucose 11.0 mmol/L in the 
final concentration at pH 7.35-7.45 equilibrated with 95% 
O2-5% CO2 and warmed to 37.8  ℃ before being added 
to the livers.

Phenylephrine hydrochloride (PE, MW 203.67, CAS 
61-76-7) and Acetylcholine chloride (Ach, MW 181.67, 
CAS 60-31-1) were purchased from Sigma (United States) 
as the α1-adrenoceptor and M3-cholinoceptor agonist, 
respectively, used to elevate or reduce portal pressure.

Experimental design
Male Wistar rats were randomly divided into four groups. 
In four rats, PE was used to constrict the portal vein and 
in the other rats Ach was used to relax the portal vein 
in each group. Group 1 was the vehicle control without 
CCl4 In this group, rats were subcutaneously adminis-
tered 3 mL/kg olive oil twice weekly for 84 d. Groups 2, 
3 and 4 were model groups with CCl4-induced chronic 
hepatitis, the rats in these groups were subcutaneously 
administered the same volume of  a mixture of  40% 
(v/v) CCl4 in olive oil twice weekly for 28 d, 56 d and 
84 d, beginning at d58, d28, and d0, respectively (Figure 1). 
Forty-eight hours after the last CCl4 injection, rats were 
anesthetized with 50 mg/kg pentobarbital sodium subcu-
taneously; a midline incision was made to expose the liver 
and its vessels. The hepatic artery, portal vein and hepatic 
vein were canalized. The remaining blood in the IPPRLs 
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Figure 1  Group design of pharmacological model of portal hypertension. 
Oil indicated was administered subcutaneously with 3 mL/kg olive oil twice 
weekly for 84 d, as was CCl4 + Oil 40% (v/v) CCl4 in olive oil; IPPRL: Isolated 
portal perfused rat livers; EV50: Median effective velocity; PE: Phenylephrine; 
Ach: Acetylcholine; CEC50: Median effective concentration of PE constriction; 
REC50: Median effective concentration of Ach relaxation; HE: Hematoxylin and 
eosin.



was eliminated using Krebs-Henseleit perfusate through 
the hepatic artery. When portal perfusion was complete, 
a small portion of  the liver was removed for pathological 
examination following fixation with 40 g/L formaldehyde 
solution and subsequent embedding in paraffin.

Protocol for portal perfusion 
When CCl4-induced chronic hepatitis was complete, eight 
rats from each group were randomized into two sub-
groups, one for PE constriction and the other for Ach 
relaxation of  the portal vein. Each IPPRL was instru-
mented for portal pressure measurement. 

Each IPPRL was perfused in a recirculation at a fixed 
temperature of  37.8  ℃ and equilibrated with 95% O2-5% 
CO2 mixed gas (Beijing Specialized Mixed Gas Institute), 
portal velocity was precisely controlled by a quantified 
BTO1 pump (Beijing Yidaxk Technical Company), and 
3935.50, 4720.63, 4753.35, and 5164.16 (μL/min) at d0, 
d28, d56, and d84, were chosen, respectively, the equation of  
portal perfusion median velocity (Y) from the day (x) of  
chronic hepatitis was Y = 13.28x + 4085 (r = 0.935, P < 
0.01)[12].

The portal pressure of  perfusion (mmHg) was con-
tinuously monitored and recorded with a strain-gauge 
transducer connected to the portal inflow cannula 6 cm 
proximal to the perfusion cannula with BL-420S Physi-
ological Systems (Taimeng Instruments, Chengdu) ac-
cording to a previously published method[10-14]. The global 
viability of  livers was assessed by gross appearance and 
perfusate stable pH.

Pharmacodynamic actions 
Perfusions were performed in the recirculating system 
containing 300 mL Krebs-Henseleit solution. Each prep-
aration was allowed to stabilize for 15 min. The flow rate 
during each individual perfusion was maintained at a con-
stant rate equalized to the portal perfusion median veloc-
ity at d0, d28, d56, and d84, respectively, the average portal 
pressure during this condition had been designated as the 

baseline. With a fixed volume of  the recirculating perfus-
ate in the portal perfusion system, cumulative geometric 
concentrations of  PE (10-12-10-6 mol/L) were added to 
elevate portal pressure.

After the median effective concentration of  PE to 
constrict the portal vein was added, cumulative geometric 
concentrations of  Ach (10-13-10-7 mol/L) were added to 
reduce portal pressure. 

Concentration-response curves were obtained follow-
ing the addition of  PE and Ach, and the changes in intra-
hepatic resistance expressed as the percentage increase or 
decrease in perfusion pressure from baseline in the vari-
ous portal perfused velocities were obtained. 

Pathological changes due to chronic hepatitis 
To observe pathological changes after portal perfusion, 
a portion of  the left liver lobe (40 mg) from each liver 
was fixed in 40 g/L formaldehyde solution for 48 h, em-
bedded in paraffin, sectioned (6 μm), and stained with 
hematoxylin-eosin and Masson according to standard 
procedures. 

Images were acquired with a Nano Zoomer Digital 
Pathology system (Hamamatsu, Japan), at a low magnifi-
cation (× 20); all the compartments of  the liver were ana-
lyzed. At high magnification (× 40), the collagen density 
in the liver section was quantified using a computerized 
image analysis system (Image-Pro Plus v 5.1). The density 
of  collagen in blinded specimens was expressed as a per-
centage (the ratio of  collagen area per total analyzed field 
area). The average of  the score taken from ten random 
fields was used to generate a single score for each IPPRL. 

Statistical analysis
All primary data are presented as means ± SE for each 
dosage in each group. Statistical significance was calcu-
lated using Student’s t test between groups, P < 0.05 was 
significant. (1) Dose-effect relationship: The equation, the 
median effective concentration and its 95% confidence 
intervals of  PE or Ach were calculated by regression 
analysis using Graph-Pad Prism 4 in non-linear fit and 
various slopes, to express the dose-effect relationship; 
and (2) Time-effect relationship: The median effective 
concentrations of  PE or Ach were calculated by linear 
regression analysis with the duration (0 d, 28 d, 56 d, and 
84 d) of  chronic hepatitis, to express the time-effect re-
lationship of  pathological conditions affecting the portal 
response to both molecules.

RESULTS
Pathological changes due to chronic hepatitis
Lobule or pseudo-lobule ratio: Hepatic tissues were clear 
in hematoxylin and eosin-stained sections. When compared 
with those in control rats at d0, the lobule ratios (Table 1) in 
the model rats at d28, d56 and d84 were significantly decreased 
by 4.04%, 70.22%, and 83.82%, respectively (P < 0.01). 
When compared with those at d28, the pseudo-lobule ratios 
in the model rats at d56 and d84 were significantly decreased 
by 65.35% and 81.00%, respectively (P < 0.01). In addition, 
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Table 1  Hepatic pathological changes in model rats (mean ± 
SE, n i = 8)

Advanced Lobule ratio Collagen ratio

d0 0.38 ± 0.05 0.0000700 ± 0.0001180
d28  0.33 ± 0.04b  0.0019658 ± 0.0024864b

d56    0.11 ± 0.04b,d    0.0043315 ± 0.0048768b,d

d84     0.06 ± 0.01b,d,f     0.0143996 ± 0.0143860b,d,f

Lobule ratio is the average percentage obtained from ten random fields 
using Image-Pro Plus v 5.1 software, and each field had a ratio of lobule 
area per total analyzed field area in hematoxylin-eosin stained sections un-
der a Digital Pathology System at × 20 magnification from isolated portal 
perfused rat livers. Collagen ratio is the average percentage obtained from 
ten random fields using Image-Pro Plus v 5.1 software, and each field had 
a ratio of collagen area per total analyzed field area in Masson-stained sec-
tions under a Digital Pathology System at × 40 magnification from isolated 
portal perfused rat livers. a and b denote significant (bP ＜ 0.01) differences 
between those at d0 and at d28, d56, or d84. c and d denote significant (cP ＜ 
0.05 and dP ＜ 0.01) differences at d28 and at d56, or d84. e and f denote sig-
nificant (eP ＜ 0.05 and fP ＜ 0.01) differences at d56 and at d84.
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blood had completely changed in the hepatic sinusoid.

Deposited collagen ratio: Compared with the control rats 
(Table 1), the collagen ratio in the model rats at 28 d, 
56 d and 84 d was significantly increased by 2707.65%, 
60  860.51%, and 20 466.49%, respectively (P < 0.01). 
Compared with the model rats at 28 d, the collagen ratio 
in the model rats at 56 d and 84 d was significantly in-
creased by 120.34% and 632.52%, respectively (P < 0.01). 
The collagen ratio in the model rats at 84 d increased by 
232.44% compared to that at 56 d (P < 0.01).

Pharmacodynamic actions on the portal vein
Phenylephrine elevated portal pressure: Geometric 
concentrations of  PE to activate the α1 receptor were 
added to the recirculating perfusate to elevate perfused 
portal pressure (Table 2 and Figure 3). The equation, 
the median effective concentration of  PE and its 95% 
confidence intervals were regressed: (1) dose-effect at d0: 
The data showed that the equation of  PE was Y = 0.1732 
+ 0.3970/[1 + 10(-4.3061-0.4407 x)] (r = 0.9701, P < 0.01); the 
median effective concentration with its 95% confidence 
intervals was 1.69 × 10-10 (4.9769 × 10-12 - 5.7599 × 10-9) 
mol/L; (2) dose-effect at d28: The data showed that the 
equation of  PE was Y = -0.004934 + 0.121134/[1 + 

these ratios were significantly decreased by 45.67% at d84 
compared with those at d56 (P < 0.01). 

Hepatic collagen distribution: Hepatic histological changes 
in Masson-stained sections showed collagen depositions 
along with CCl4-induced chronic hepatitis (Figure 2). (1) 
Normal structure at d0: The histological structure in con-
trol rats showed normal hepatic architecture with some 
fatty degeneration and less collagen located at the lobules; 
(2) Degeneration at d28: The pathological changes in the 
model rats at d28 showed mainly hepatic fatty degenera-
tion and cellular swelling, collagen was deposited around 
the center veins, thus the enlarged hepatic cords severely 
narrowed the hepatic sinusoid; (3) Hepatic fibrosis at d56: 
The pathological changes in the model rats at d56 showed 
more collagen deposited in the lobules, thus the enlarged 
hepatic cords led to significant widening of  the hepatic 
sinusoid; and the collagen in interlobular area extended 
into the lobules, some separating the lobules completely, 
therefore the direction of  the circulating blood did not 
change in the hepatic sinusoid of  the lobules; and (4) 
Hepatic cirrhosis at d84: The pathological changes in the 
model rats at d84 showed extensive collagen deposited 
in the lobules, which were all pseudo-lobules instead 
of  normal lobules, thus the direction of  the circulating 

d0 d28

d84d56

Figure 2  Collagen distributions in rat model livers (Masson × 40). Normal hepatic structure (d0) was demonstrated in control rats administered 3 mL/kg olive oil 
subcutaneously twice weekly for 84 d. Hepatic degeneration (d28), fibrosis (d56) and cirrhosis (d84) were seen in the chronic hepatitis model rats administered 3 mL/kg 

40% (v/v) CCl4 in olive oil subcutaneously twice weekly for 28 d, 56 d, and 84 d, respectively. There was less collagen mainly around the central veins (solid arrow) 
and the portal areas, with some staining noise signals in lobules (dashed arrow) in normal hepatic structure (d0). The collagen fiber bundles (solid arrow) had partly 
spread into the lobules from the portal areas, the hepatic cells had obvious watery and fatty degeneration (dashed arrow) and had not been isolated by collagen dur-
ing hepatic degeneration (d28). The collagen fiber bundles (solid arrow) had completely separated some of the lobules to form many pseudo-lobules, several hepatic 
cells with obvious fatty degeneration (dashed arrow) had been completely isolated by collagen in hepatic fibrosis (d56). The collagen fiber bundles (solid arrow) had 
limited smaller pseudo-lobules, some single hepatic cells (dashed arrow) were completely isolated by collagen in hepatic cirrhosis (d84).
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10(-3.1247-0.3262 x)] (r = 0.9937, P < 0.01); the median effec-
tive concentration with its 95% confidence intervals was 
2.64 × 10-10 (7.1864 × 10-12 - 9.6834 × 10-9) mol/L; (3) 
dose-effect at d56: The data showed that the equation 
of  PE was Y = 0.0104 + 0.2643/[1 + 10(-8.8462-0.9579 x)] (r 
= 0.9980, P < 0.01); the median effective concentration 
with its 95% confidence intervals was 5.82 × 10-10 (3.0691 
× 10-10 - 1.1031 × 10-9) mol/L; (4) dose-effect at d84: The 
data showed that the equation of  PE was Y = 0.01603 
+ 0.12107/[1 + 10(-5.1134-0.563 x)] (r = 0.9963, P < 0.01); the 
median effective concentration with its 95% confidence 
intervals was 8.24 × 10-10 (2.2476 × 10-10 - 3.0207 × 10-9) 
mol/L; and (5) time-effect: The linear regression equa-
tion was Y = 0.081 x + 1.173 (r = 0.981, P < 0.01) be-
tween the median effective concentrations of  PE (1.69, 
2.64, 5.82 and 8.24) × 10-10 mol/L and the durations (0 d, 
28 d, 56 d and 84 d) of  chronic hepatic hepatitis.

Acetylcholine reduced portal pressure: Geometric con-

centrations of  Ach to activate the M3 receptor were 
added to the circulating perfusate to reduce perfused por-
tal pressure. The equation, the median effective concen-
tration of  Ach and its 95% confidence intervals of  Ach 
were regressed (Table 3 and Figure 4): (1) dose-effect at 
d0: The data showed that the equation of  Ach was Y = 
-0.4548 + 0.3274/[1 + 10(6.1538 + 0.5554 x)] (r = 0.9950, P < 
0.01); the median effective concentration with its 95% 
confidence intervals was 8.40 × 10-10 (1.3263 × 10-12 - 
5.3240 × 10-11) mol/L; (2) dose-effect at d28: The data 
showed that the equation of  Ach was Y = -0.05391 + 
0.06424/[1 + 10(3.8541 + 0.3469 x)] (r = 0.9982, P < 0.01); the 
median effective concentration with its 95% confidence 
intervals was 7.73 × 10-12 (7.3614 × 10-13 - 8.1095 × 

Table 2  Phenylephrine elevates portal pressure (mean ± SE, 
n i = 4)

Log 
[PE (mol/L)]

d0 d28 d56 d84

-12 0.210 ± 0.19 0.013 ± 0.02 0.013 ± 0.02 0.019 ± 0.03
-11 0.260 ± 0.16 0.025 ± 0.03 0.017 ± 0.02 0.024 ± 0.04
-10 0.360 ± 0.18 0.044 ± 0.06 0.046 ± 0.06 0.047 ± 0.07
-9 0.420 ± 0.24 0.072 ± 0.09 0.182 ± 0.25 0.076 ± 0.09
-8 0.550 ± 0.37 0.090 ± 0.12 0.247 ± 0.27 0.119 ± 0.10
-7 0.520 ± 0.37 0.093 ± 0.12 0.269 ± 0.27 0.123 ± 0.11
-6 0.570 ± 0.24 0.113 ± 0.13 0.286 ± 0.28 0.138 ± 0.12

Primary data were used to calculate the dose-effect relationship between 
phenylephrine and portal vein constriction in the isolated portal perfused 
rat livers without chronic hepatitis, where rats were administered 3 mL/
kg olive oil subcutaneously twice per week for 84 d (control rats) (d0). Rats 
with chronic hepatitis at three stages, hepatic degeneration (d28), fibrosis 
(d56) and cirrhosis (d84), were administered 3 mL/kg 40% (v/v) CCl4 in ol-
ive oil subcutaneously twice per week for 28 d, 56 d and 84 d, respectively. 
PE: Phenylephrine.

Table 3  Acetylcholine reduces portal pressure (mean ± SE, 
n i = 4) 

Log 
[Ach (mol/L)]

d0 d28 d56 d84

-13 -0.16 ± 0.12 -0.002 ± 0.01 -0.076 ± 0.08 -0.001 ± 0.01
-12 -0.19 ± 0.10 -0.009 ± 0.01 -0.091 ± 0.10 -0.006 ± 0.01
-11 -0.31 ± 0.07 -0.025 ± 0.01 -0.125 ± 0.15 -0.012 ± 0.01
-10 -0.39 ± 0.08 -0.035 ± 0.18 -0.176 ± 0.23 -0.019 ± 0.01
-9 -0.42 ± 0.08 -0.043 ± 0.04 -0.203 ± 0.26 -0.041 ± 0.02
-8 -0.44 ± 0.12 -0.049 ± 0.05 -0.225 ± 0.26 -0.050 ± 0.03
-7 -0.47 ± 0.14 -0.052 ± 0.07 -0.256 ± 0.28 -0.054 ± 0.03

Primary data were used to calculate the dose-effect relationship between 
acetylcholine and portal vein relaxation in the isolated portal perfused rat 
livers without chronic hepatitis, where rats were administered 3 mL/kg 
olive oil subcutaneously twice per week for 84 d (control rats) (d0). Rats 
with chronic hepatitis at three stages, hepatic degeneration (d28), fibrosis 
(d56) and cirrhosis (d84), were administered 3 mL/kg 40% (v/v) CCl4 in ol-
ive oil subcutaneously twice per week for 28 d, 56 d and 84 d, respectively. 
Ach: Acetylcholine.
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Figure 3  Phenylephrine elevates portal pressure (mean ± SE, ni = 4). The 
dose-effect relationship between phenylephrine and portal vein constriction 
in isolated portal perfused rat livers without chronic hepatitis, where rats were 
administered 3 mL/kg olive oil subcutaneously twice per week for 84 d (control 
rats) (d0). Rats with chronic hepatitis at three stages, hepatic degeneration (d28), 
fibrosis (d56) and cirrhosis (d84), were administered 3 mL/kg 40% (v/v) CCl4 in 
olive oil subcutaneously twice per week for 28 d, 56 d and 84 d, respectively. 
PE: Phenylephrine.

Figure 4  Acetylcholine reduces portal pressure (mean ± SE, ni = 4). The 
dose-effect relationship between Acetylcholine and portal vein relaxation in 
isolated portal perfused rat livers without chronic hepatitis, where rats were 
administered 3 mL/kg olive oil subcutaneously twice per week for 84 d (control 
rats) (d0). Rats with chronic hepatitis at three stages, hepatic degeneration (d28), 
fibrosis (d56) and cirrhosis (d84), were administered 3 mL/kg 40% (v/v) CCl4 in 
olive oil subcutaneously twice per week for 28 d, 56 d and 84 d, respectively. 
Ach: Acetylcholine.
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10-11) mol/L; (3) dose-effect at d56: The data showed that 
the equation of  Ach was Y = -0.2733 + 0.22978/[1 + 
10(3.0472 + 0.3008 x)] (r = 0.9964, P < 0.01); the median effec-
tive concentration with its 95% confidence intervals was 
5.98 × 10-11 (4.2797 × 10-12 - 8.3556 × 10-11) mol/L; (4) 
dose-effect at d84: The data showed that the equation of  
Ach was Y = -0.0559 + 0.053178/[1 + 10(5.6336 + 0.5883 x)] (r 
= 0.9956, P < 0.01); the median effective concentration 
with its 95% confidence intervals was 2.66 × 10-10 (6.5887 
× 10-11 - 1.0701 × 10-9) mol/L; and (5) time-effect: The 
linear regression equation was Y = 0.046 X -1.470 (r = 
0.945, P < 0.05) between the median effective concentra-
tions of  Ach (0.0773, 0.598 and 2.66) × 10-10 mol/L and 
the durations (28 d, 56 d and 84 d) of  chronic hepatitis.

DISCUSSION
Patients with portal hypertension have significant mor-
bidity and mortality[1] without special drugs[2] based on 
the reversible pathogenesis of  this disease[3]. Some can-
didate drugs from chemicals and medical plants have 
demonstrated effects on portal hypertension in animal 
experiments and in clinical trials[4-8]. Data from the extra-
hepatic portal rings failed to account for these effects[9]. 
Consequently, sensitive portal perfusion for intra-hepatic 
portal resistance has been developed with both controlled 
velocity and monitored pressure in IPPRLs[10-14]. The 
pharmacodynamic model of  portal hypertension has fur-
ther been defined as the median effective concentrations 
of  Ach and PE in the IPPRLs at various stages of  CCl4-
induced chronic hepatitis.

At d0, d28, d56, and d84 in CCl4-induced chronic hepa-
titis, there were similar portal pressure potency equations 
with various coefficients due to the concentrations of  PE 
and Ach in the IPPRLs. The median effective concentra-
tions of  PE increased geometrically during the process, 
suggesting that the function of  portal smooth muscle 
cells gradually decreased. A similar effect was noted with 
the median effective concentrations of  Ach in advanced 
stages, which suggested that portal endothelia were 
gradually damaged. During portal perfusion with both 
controlled pressure and monitored velocity, as reported 
previously, the effective range of  PE and Ach concen-
trations was from 10-3 mol/L to 10-8 mol/L[15,16]. In this 
novel model of  portal perfusion with both controlled 
velocity and monitored pressure, the effective range was 
from 10-6 mol/L to 10-12 mol/L, which indicated that this 
novel mode was more sensitive than the previous mode 
by 103-106 times in IPPRLs.

Hepatocyte injuries originate from the free radicals of  
CCl4 metabolites[3]. Amiloride reduced intra-hepatic portal 
resistance through inhibition of  the Rho kinase pathway 
in hepatic stellate cells[4]. Glycyrrhizinate and Salvianolic 
acid B are representative molecules from medical plants 
used for portal hypertension in rats[5-7] and patients[8] with 
chronic hepatitis, however, their biomolecular mecha-
nisms are not yet clear. PE, as a α1-adrenoceptor agonist, 
constricts vascular smooth muscle[13] and Ach, as a M3-
cholinoceptor agonist in endothelia, relaxes vascular 

smooth muscle[14]. Due to these mechanisms in IPPRLs, 
the median perfused velocity in portal pressure has been 
defined as the primary flow rate of  portal perfusion in 
this novel mode, the median effective concentration of  
PE for elevating portal pressure as the preload, the medi-
an effective concentration of  Ach for reducing the portal 
pressure as the positive action at the classic stages of  the 
pathological process in chronic hepatitis. 

The pharmacodynamic model of  portal hypertension 
has been defined as both the median effective concen-
trations of  PE and Ach in the IPPRLs with advanced 
chronic hepatitis in this study. This model may be used 
to evaluate the preclinical effects of  candidate drugs for 
the treatment of  portal hypertension. Both controlled 
velocity and monitored pressure[10-12] made this model 
more sensitive than previous models[13-14]. Based on the 
standardization[15] of  the IPPRL, this sensitive model is 
considered the basis of  systems biology for portal regula-
tion in an isolated setting[16].

COMMENTS
Background
Portal hypertension results in significant mortality without the administration of 
special drugs. Candidate drugs for this condition require serious pre-clinical 
evaluation using suitable methods. 
Research frontiers
The recently identified reversible pathogenesis of portal hypertension may allow 
the development of new drugs for this disease. Candidate drugs derived from 
medical plants used in Chinese medical practices have confirmed its reversible 
pathogenesis. A sensitive pressure transducer was used here for exploiting the 
reversible pathogenesis as the pharmacological models. The optimal conditions 
for each step of the procedure can be defined as an available model.
Innovations and breakthroughs
Reversible portal hypertension was replicated in the advanced stages of 
chronic hepatitis in rats using CCl4. A pharmacological model was developed 
using the median primary velocity of perfused flow as the anatomical preload, 
median effective concentrations of phenylephrine to constrict portal veins as the 
physiological preload, and the median effective concentrations of acetylcholine 
to relax portal veins in IPPRLs with chronic hepatitis.
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This novel pharmacological model can be used to evaluate candidate drugs for 
the treatment of portal hypertension.
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This novel mode of portal perfusion is characterized by both controlled velocity 
and monitored pressure in the isolated portal perfused rat livers. The controlled 
velocity creates the optimal conditions for research purposes, and the moni-
tored pressure gives exact data from vascular smooth muscle or endothelia. 
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The authors investigated to develop a pharmacodynamic model for portal hy-
pertension from chronic hepatitis. They have developed a pharmacodynamic 
model for portal hypertension in rats with chronic hepatitis and demonstrated 
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