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and phentolamine on homocysteine and C-reactive protein
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Abstract. Effect and clinical efficacy of magnesium sulfate
combined with phentolamine on homocysteine and C-reactive
protein in the serum of patients with pregnancy-induced
hypertension syndrome were investigated. A total of 96 patients
with pregnancy-induced hypertension syndrome who were
diagnosed and treated in Jining No. 1 People's Hospital
from February 2016 to January 2018 were retrospectively
analyzed. The patients were grouped according to the
dosage regimen. The patients who received the combination
treatment of magnesium sulfate and phentolamine on the
basis of magnesium sulfate were included in the observation
group, and the patients who were treated with the intravenous
infusion of magnesium sulfate alone were included in the
control group. Mean arterial pressure (MAP), the content of
24 h urine protein, systolic blood pressure (SBP), diastolic
blood pressure (DBP), Hcy, and CRP of the pregnant women
were observed. MAP and the content of 24 h urine protein,
SBP and DBP of the patients in the observation group after the
treatment were significantly lower than those of the patients
in the control group (P<0.001). Hcy and CRP of the patients
in the observation group after the treatment were significantly
lower than those of the patients in the control group (P<0.001).
The total effective rate of the patients in the observation
group was significantly higher than that of the patients in the
control group (P<0.05). In conclusion, the meliorative effect of
magnesium sulphate combined with phentolamine on the level
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of MAP, the content of 24 h urine protein, SBP, DBP, Hcy and
CRP in pregnant woman had a greater impact than that of the
single use of the intravenous infusion of magnesium sulfate in
the treatment of pregnancy-induced hypertension syndrome,
and the clinical efficacy of magnesium sulphate combined
with phentolamine was better, thus worthwhile to promote
widely in clinic.

Introduction

Pregnancy-induced hypertension syndrome is one of the
common clinical gestational complications, it appears
after 20 weeks of pregnancy, and the morbidity is high (1).
Pregnancy-induced hypertension syndrome is a major threat
to maternal and child health (2). Patient with serious condi-
tions will die due to the massive haemorrhage appearing in
enterocoelia (3). As the pathogenesis of pregnancy-induced
hypertension syndrome is complex, its specific pathogenesis is
still unclear in clinic, thus the treatment is difficult (4). Studies
have pointed out that currently the preferred drug for the
prevention and treatment of pregnancy-induced hypertension
syndrome is magnesium sulfate (5).

Magnesium sulfate is an anticonvulsant drug, it inhibits
vascular and neural muscles in patients with pregnancy-induced
hypertension syndrome by central inhibition and indirectly
reduces the blood pressure of patients by dilating blood
vessels (6). Although magnesium sulfate has a good clinical
effect on the treatment of pregnancy-induced hypertension
syndrome, related studies have demonstrated that its marked
effect is relatively slow, the dose of magnesium sulfate for
the treatment of pregnancy-induced hypertension syndrome
is similar to the concentration of poisoning, which facilitates
the occurrence of hypermagnesemia, the therapeutic dose
has a great influence on the drug concentration in patients'
blood (5,7). Phentolamine is a blocker that is widely used to
treat peripheral vascular diseases (8). It can also increase the
contractility of the myocardium and effectively reduce the
related resistance of peripheral blood vessels by blocking
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norepinephrine, as a result, the blood vessels are effectively
relaxed (9). This study investigated the effect of the drug
combination of magnesium sulfate and phentolamine on Hecy
and CRP in the serum of patients with pregnancy-induced
hypertension syndrome.

Patients and methods

General data. A total of 96 patients with pregnancy-induced
hypertension syndrome who were diagnosed and treated
in Jining No. 1 People's Hospital (Jining, China) from
February 2016 to January 2018 were retrospectively analyzed.
The patients were grouped according to the dosage regimen. A
total of 48 patients who received the combination treatment of
magnesium sulfate and phentolamine on the basis of magne-
sium sulfate were included in the observation group, and
48 patients who were treated with the intravenous infusion of
magnesium sulfate alone were included in the control group.
The age range of the observation group was from 21 to 38 years,
and the average age was 27.45+11.09 years. The age range of
the control group was from 22 to 36 years, and the average age
was 27.13£11.58 years. Inclusion criteria: i) Patients who were
included conformed to the diagnostic criteria of moderate and
severe gestational hypertension. Exclusion criteria: i) Patients
who were intolerant or allergic to magnesium sulfate or phen-
tolamine; ii) patients who had mental illnesses and serious
medical diseases; and iii) pregnant women who had multiplets.
Patients and their families were informed in advance of the
study and they signed an informed consent form.

This study was approved by the Ethics Committee of
Jining No. 1 People's Hospital. Patients who participated in
this research had complete clinical data. The signed informed
consents were obtained from the patients or the guardians. The
differences in general data, age, sex, body mass index and the
condition of obesity between the two groups were not signifi-
cant (P>0.05), and were comparable (Table I).

Methods. Patients in the control group were given an intra-
venous infusion of 25 ml of magnesium sulfate (H20033861;
Hebei Tiancheng Pharmaceutical Co., Ltd., Guoyao Zhunzi,
Hebei, China) and 100 ml of glucose solution with a concen-
tration of 5% (H41022731; Xinxiang Jiushi Pingan Injection
Co., Ltd. Guoyao Zhunzi, Xinxiang, China), the infusion was
finished in 30 min. The patients were then given an intravenous
infusion of 60 ml of magnesium sulfate with a concentration
of 25%. Finally, the patients were intravenously instilled with
10 ml of magnesium sulfate. The patients in the observation
group were treated with phentolamine on the basis of the
single use of the intravenous infusion of magnesium sulfate,
and 20 mg of phentolamine (H31020589; Shanghai Xudong
Haipu Pharmaceutical Co., Ltd. (domestic), Guoyao Zhunzi,
Shanghai, China) was added to the glucose solution with
a concentration of 5%, and the patients were intravenously
instilled with this mixed solution. During the treatment, the
changes of the patients' vital signs were constantly monitored,
and the dose was appropriately adjusted according to the
changing condition of their vital signs.

Observation indicators and the evaluation criteria of clinical
efficacy. Fasting venous blood (5 ml) of the pregnant women
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in the two groups was collected after fasting for 8 h in 3 days
before and after the treatment, the serum was centrifuged
at 3,000 x g for 15 min at 4°C, and the changes of systolic
blood pressure (SBP) and diastolic blood pressure (DBP) of
the patients in the two groups before and after the treatment
were observed. Serum Hcy (enzymatic method was used to
detect serum Hcy, normal value was less than 10 gmol/l) and
CRP (immunoprecipitation and immunoturbidimetry were
used, normal reference value was less than 8 mg/l) of the
patients in the two groups were observed before and after the
treatment. The mean arterial pressure (MAP) and the content
of 24 h urine protein of the patients in the two groups were
observed in 3 days before and after the treatment. The clinical
efficacy of the patients in the two groups after the treatment
was compared. The evaluation criteria of clinical efficacy:
i) Effective: The falling range of DBP was <10 mmHg when
DBP after the treatment was compared with that before the
treatment, DBP decreased to the normal level; or the falling
range of DBP was from 10 to 20 mmHg when DBP after
the treatment was compared with that before the treatment;
or the falling range of SBP was >30 mmHg; ii) markedly
effective: The falling range of DBP after the treatment was
>20 mmHg, DBP basically returned to the normal level; and
iii) ineffective: The changes of DBP and SBP of the patients
did not meet the criteria of ‘effective’ or ‘markedly effective’
after the treatment (10). Total effective rate = (markedly
effective + effective)/the total number of cases.

Statistical analysis. SPSS 17.0 (SPSS, Inc., Chicago, IL, USA)
software system was used to carry out the statistical analysis.
The enumeration data were expressed in the form of [n (%)],
the measurement data were expressed as the mean + stan-
dard deviation, y* test was used in the comparison between
the two groups, t-test was used in the comparison of the data
between the two groups, the paired t-test was used in the
comparison of the data between the groups before and after
the treatment. P<0.05 was considered to indicate a statistically
significant difference.

Results

Changes of MAP and the content of 24 h urine protein in the
patients in observation and control groups and comparison of
the content of MAP in patients in two groups before and after
treatment. The content of MAP in the patients in the observation
group before and after the treatment was 183.24+27.06 and
139.69+15.76 mmHg, respectively, the content of MAP in the
patients in the control group before and after the treatment was
184.03+26.54 and 155.02+16.88 mmHg, respectively. MAP
after the treatment was significantly lower, and the differences
were statistically significant (P<0.001). The differences of
MAP in the two groups before treatment were not statistically
significant (P>0.05). After the treatment, MAP of patients in
the observation group was significantly lower than that in the
control group, the differences were statistically significant
(P<0.001; Table II).

Changes of the content of 24 h urine protein in patients in
two groups before and after treatment. The content of 24 h
urine protein in patients in observation group before and
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Table I. The general clinical baseline data of the study and the experiment groups [n (%)]/(mean =+ standard deviation).

Group Study group (n=48) Control group (n=48) t P-value
Age (year) 27.45+11.09 27.13+11.58 0.138 0.890
BMI (kg/m?) 18.46+3.37 19.03+2.82 0.899 0.371
Blood routine

Hb (gm/dl) 11.45+1.74 11.68+2.45 0.530 0.597

RBC (x10'/1) 4.24+0.36 4.20+0.45 0.481 0.632

PLT (x10°/1) 146.59+22 .40 150.43+24.34 0.804 0.423
Liver function

ALT (U/1) 22.53+10.52 20.49+8.63 1.039 0.302

AST (UN) 19.62+8.75 17.48+£7.52 1.285 0.202
Renal function

TP (g/) 126.36+16.46 79.37+£12.50 15.750 <0.001

UREA (mmol/l) 8.16x1.43 4.47+1.89 10.790 <0.001

CRE (umol/l) 177.33+£30.72 101.25+20.37 14.300 <0.001

UA (umol/l) 602.55+41.26 386.70+47.20 23.850 <0.001

Table II. The comparison of the content of MAP (mmHg) in the patients in the two groups before and after the treatment.

Groups Observation group (n=48) Control group (n=48) t P-value
Before treatment 183.24+27.06 184.03+£26.54 0.144 0.886
After treatment 139.69+15.76 155.02+16.88 4.599 <0.001
t 9.635 6.390
P-value <0.001 <0.001

MAP, mean arterial pressure.

Table III. The changes of the content of 24 h urine protein in the patients in the two groups before and after the treatment.

Groups Observation group (n=48) Control group (n=48) t P-value
Before treatment 2.35+0.36 2.40+0.31 0.729 0.468
After treatment 0.67+0.15 0.93+0.17 7.945 <0.001
t 29.840 28.810
P-value <0.001 <0.001

after treatment was 2.35+0.36 and 0.67+0.15 g, respectively.
The content of 24 h urine protein in patients in control group
before and after treatment was 2.40+0.31 g and 0.93+0.17 g,
respectively. Comparing the content of 24 h urine protein
of patients in two groups after treatment with that before
treatment, the content of 24 h urine protein after treatment
was significantly lower, and the differences were statistically
significant (P<0.001). The differences of the content of
24 h urine protein in the two groups before treatment were
not statistically significant (P>0.05). After treatment, the
content of 24 h urine protein in patients in observation group
was significantly lower than that of patients in control group,
the differences were statistically significant (P<0.001;
Table III).

Changes of SBP and DBP in the patients in the observation
and the control groups before and after treatment. The content
of SBP of patients in observation group before and after the
treatment was 155.76+4.58 and 118.66+3.04mmHg, respec-
tively. Content of SBP in patients in the control group before
and after treatment was 155.01+£5.67 and 133.71+3.5 mmHg,
respectively. Comparing SBP of patients in the two groups
after the treatment with that before the treatment, SBP after
the treatment was significantly lower, and differences were
statistically significant (P<0.001). When two groups were
compared with each other, the differences of SBP before the
treatment were not statistically significant (P>0.05). After
the treatment, SBP of patients in the observation group
was significantly lower than that of patients in the control
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Table I'V. Changes of SBP (mmHg) in patients in the two groups before and after the treatment.
Groups Observation group (n=48) Control group (n=48) t P-value
Before treatment 155.76+4.58 155.01+£5.67 0.713 0478
After treatment 118.66+3.04 133.71+3.53 22.389 <0.001
t 46.760 22.090
P-value <0.001 <0.001
SBP, systolic blood pressure.
Table V. Comparison of DBP (mmHg) in patients in the two groups before and after the treatment.
Groups Observation group (n=48) Control group (n=48) t P-value
Before treatment 90.63+4 .28 91.02+4 .31 0.445 0.658
After treatment 75.80+3.11 85.26+4.09 12.760 <0.001
t 19.420 6.716
P-value <0.001 <0.001

DBP, diastolic blood pressure.

group, the differences were statistically significant (P<0.001;
Table IV).

Changes of DBP in the patients in the two groups before
and after treatment. The content of DBP in patients in
the observation group before and after treatment was
90.63+4.28 and 75.80+3.11 mmHg, respectively. The content of
DBP in patients in the control group before and after treatment
was 91.02+4.31 and 85.26+4.09 mmHg, respectively. DBP
after the treatment was significantly lower, and differences
were statistically significant (P<0.001). Differences of DBP
in the two groups before treatment were not statistically
significant (P>0.05). After treatment, DBP of patients in
observation group was significantly lower than that of patients
in control group and differences were statistically significant
(P<0.001; Table V).

Changes of the level of Hcy and CRP in patients in observation
and control groups and comparison of level of Hcy in patients
before and after treatment. Level of Hcy in patients in obser-
vation group before and after treatment was 17.01+2.34 and
5.7+1.24 pmol/l,respectively. Level of Hcy in patients in control
group before and after treatment was 16.89+2.97 and 8.02+1.
56 umol/l, respectively. Hcy after treatment was significantly
lower, and differences were statistically significant (P<0.001).
Differences of Hcy in the two groups before treatment were
not statistically significant (P>0.05). After treatment, Hcy of
patients in observation group was significantly lower than that
of patients in control group and differences were statistically
significant (P<0.001; Table VI and Fig. 1).

Comparison oflevel of CRP in patients intwo groups before and
after treatment. Level of CRP in patients in observation group
before and after treatment was 9.65+2.49 and 4.01+0.35 mg/1,

respectively. Level of CRP in patients in control group before
and after treatment was 9.23+2.01 and 6.12+1.05 mg/1, respec-
tively. Level of CRP after treatment was significantly lower,
and the differences were statistically significant (P<0.001).
Differences of level of CRP in the two groups before treatment
were not statistically significant (P>0.05). After treatment,
level of CRP in patients in observation group was significantly
lower than that of patients in control group and differences
were statistically significant (P<0.001; Table VII and Fig. 2).

Comparison of the therapeutic efficacy of the patients in the
observation and the control groups. The number of the total
effective population in the observation group and the control
groups was 44 and 34, respectively. The total effective rate of
the patients in the observation group was significantly higher
than that of the patients in the control group, the differences
were statistically significant (P<0.05; Table VIII).

Discussion

Pregnancy-induced hypertension syndrome is a disease that is
mainly prevented and controlled by obstetrics and gynecology
department, it is one of the major causes of death of pregnant
women in gestation period (11). Due to the characteristics
of pregnancy-induced hypertension syndrome, such as the
rapidly-developing conditions and many complications (12),
once patients' condition is not properly controlled
pregnancy-induced hypertension syndrome is unceasingly
aggravated, this will seriously threaten the life and safety of
patients (13). A large number of clinical studies have shown
that apart from the changes of indicators of blood pressure
levels such as SBP and DBP, the levels of Hcy, CRP, MAP and
24 h urine protein in the peripheral blood serum of patients
are closely related to the development of patients' condition
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Table VI. Comparison of the level of Hcy (#mol/l) in the patients in the two groups before and after the treatment.

Groups Observation group (n=48) Control group (n=48) t P-value
Before the treatment 17.01+2.34 16.89+2.97 0.220 0.826
After the treatment 5.73+1.24 8.02+1.56 7.962 <0.001
t 29.510 18.320

P-value <0.001 <0.001

Table VII. Comparison of the level of CRP (mg/l) in the patients in the two groups before and after the treatment.

Groups Observation group (n=48) Control group (n=48) t P-value
Before the treatment 9.65+£2.49 9.23+2 01 0.909 0.366
After the treatment 4.01£0.35 6.12+1.05 13.210 <0.001
t 15.540 9.501

P-value <0.001 <0.001

Table VIII. Comparison of the therapeutic efficacy of the patients in the two groups.

Groups n Markedly effective Effective Ineffective The total effective rate
Observation 48 28 (58.33) 16 (33.33) 4(8.33) 44 (91.67)
Control 48 20 (41.67) 14 (29.17) 14 (29.17) 34 (70.83)
¥ - - - 6.838
P-value - - - 0.009
25+ 15+
@l Ob i @@ Observation group
- servation group P
- @ Control group
3 = 10+
s E
3 g 5]
T o
0d

After treatment

Before treatment

Figure 1. Comparison of the level of Hcy in patients in the two groups
before and after treatment. Hey after treatment is significantly lower, and the
differences are statistically significant (‘P<0.001). Differences of Hcy in the
two groups before treatment are not statistically significant (P>0.05). After
treatment, Hey of patients in observation group is significantly lower than
that of patients in control group, and the difference is statistically significant
("P<0.001).

(14-16). Studies have confirmed that CRP is a sensitive
indicator of inflammation and it can indicate inflammatory
responses in the body (17). In recent years, many clinical
studies have demonstrated that the increase of the level of Hey
and CRP may be a risk factor that leads to the occurrence of
hypertension during pregnancy (17). When the expression of
Hcy in the serum of pregnant women is high, it will destroy the

After treatment

Before treatment

Figure 2. Comparison of the level of CRP in patients in the two groups
before and after treatment. CRP after treatment is significantly lower, and
differences are statistically significant ("P<0.001). Differences of CRP in the
two groups before treatment are not statistically significant (P>0.05). After
treatment, CRP of patients in observation group is significantly lower than
that of patients in control group, the differences are statistically significant
(*P<0.001).

vascular endothelial cells, lead to vasospasm and thus result
in pregnancy-induced hypertension syndrome (18). However,
there are few studies on the specific effects of the changes of
the level of Hcy and CRP on the condition of patients with
pregnancy-induced hypertension syndrome. The relationship
between the changes of the level of Hcy and CRP and the
clinical efficacy of related patients is still unclear. Therefore,
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this study investigated the effect of the combination use of
magnesium sulfate and phentolamine on Hcy and CRP in
the serum of patients with pregnancy-induced hypertension
syndrome.

In this study, we first analyzed the changes of MAP
and the content of 24 h urine protein in the patients in the
observation and the control groups. We found that MAP
and the content of 24 h urine protein of patients in the two
groups after the treatment were significantly lower than
those before the treatment. After the treatment, MAP and the
content of 24 h urine protein of patients in the observation
group were significantly lower than those of patients in the
control group, the differences were statistically significant. A
large number of clinical studies have shown that MAP and
the content of 24 h urine protein are common monitoring
indicators for patients with pregnancy-induced hypertension
syndrome, the obvious increase of the two monitoring
indicators is closely related to the development of the
condition of pregnancy-induced hypertension syndrome (19).
Studies related to pregnancy-induced hypertension syndrome
have confirmed that the abnormal increase of MAP and the
content of 24 h urine protein may aggravate the condition of
patients with pregnancy-induced hypertension syndrome (20).
Therefore, we believed that the combination use of magnesium
sulfate and phentolamine has a better effect on the regulation
of MAP and the content of 24 h urine protein in patients
with pregnancy-induced hypertension syndrome. Next, we
compared the changes in SBP and DBP in the patients between
the observation and the control group, we found that SBP and
DBP in the patients in the two groups after the treatment were
significantly lower than those of patients in the two groups
before the treatment. SBP and DBP in the patients in the
observation group after the treatment were significantly lower
than those of patients in the control group after the treatment,
and the differences were statistically significant. Therefore,
we believed that the combination use of magnesium sulfate
and phentolamine was more effective in the down-regulation
of the blood pressure level in patients with pregnancy-induced
hypertension syndrome. In a previous study on the effect
of magnesium sulfate combined with other drugs and the
effect of the single use of magnesium sulfate on the clinical
efficacy of patients with pregnancy-induced hypertension
syndrome, Nzelu ef al (21) found that magnesium sulfate
combined with phentolamine had a better effect on the blood
pressure in pregnant women in the treatment of patients with
pregnancy-induc ed hypertension syndrome, which is similar
to the results of our study. Then, we monitored the changes
of the level of Hcy and CRP in the patients in the observation
group and the control group, and found that Hey of patients in
the two groups after the treatment was significantly lower than
that before the treatment, thereinto, Hcy in the patients in the
observation group after the treatment was significantly lower
than that of patients in the control group after the treatment,
and the differences were statistically significant. Vitamin B12
is an important cofactor for the metabolism of Hcy. For those
pregnant women in the middle and advanced gestation period,
the amount of vitamin B12 synthesized in the body is affected
by metabolism and the amount of synthesis is reduced, thus this
causes the accumulation of Hcy in the body and results in the
imbalance of vasomotor factors, eventually pregnancy-induced
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hypertension syndrome appears in pregnant women (22). CRP
is an important indicator of the occurrence of inflammation,
the changes of the level of CRP in the serum are closely related
to the vascular endothelial injury in the body, the severity of
diseases and the prognosis (23). Therefore, we speculated that
the reduction range of the level of Hcy and CRP in patients
with pregnancy-induced hypertension syndrome, who are
treated with magnesium sulfate combined with phentolamine,
is higher than that of the single use of intravenous infusion
treatment of magnesium sulfate, and the clinical improvement
effect is better. Finally, we compared the clinical efficacy of
the patients in the two groups after the treatment, we found
that the total effective rate of magnesium sulfate combined
with phentolamine in the treatment of the patients with
pregnancy-induced hypertension syndrome was significantly
higher than that of the patients who were treated with the
intravenous infusion of magnesium sulfate alone. A large
number of studies on the treatment of pregnancy-induced
hypertension syndrome, have verified that the efficacy of
magnesium sulfate combined with phentolamine is better than
that of the single use of magnesium sulfate in the treatment of
patients with pregnancy-induced hypertension syndrome (24).

In this study, there are still some shortcomings, for
example, the study data can only indicate the improvement of
the condition of the patients with pregnancy-induced hyper-
tension syndrome within 3 days after the treatment, the results
of the later stage still need to be clarified. This may have some
impact on the results of the study; therefore, we will follow up
the patients from time to time according to the relevant data of
the patients in the later stage.

In summary, the meliorative effect of magnesium sulphate
combined with phentolamine on the level of MAP, the content
of 24 h urine protein, SBP, DBP, Hcy and CRP in pregnant
woman is far more impactful than that of the single use of the
intravenous infusion of magnesium sulfate in the treatment of
pregnancy-induced hypertension syndrome, and the clinical
efficacy of magnesium sulphate combined with phentolamine
is better, thus, it is worthwhile to promote it widely in clinic.
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