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Abstract: Objective: To investigate the effects and possible mechanism of prevention and treatment of digestive
tract reactions to postoperative adjuvant chemotherapy for pancreatic cancer (PC) using terra flava usta. Methods: A
total of 75 PC patients with postoperative adjuvant chemotherapy who were admitted to our hospital from July 2016
to August 2019 were selected and randomly divided into a control group (CG) (n=37) and an observation group (0OG)
(n=38). Thirty min before chemotherapy, the CG received 8 mg of ondansetron via an intravenous drip, while the OG
received 8 mg of ondansetron via an intravenous drip and terra flava usta. The grades of acute nausea and vomit-
ing and delayed nausea and vomiting were compared between the two groups. The levels of gastrin (GAS), motilin
(MTL), vasoactive peptide (VIP), hemoglobin (Hb), prealbumin (PA), and albumin (ALB), the proportion of CD4*, CD8*
and NK cells in T cell subsets, and the levels of 5-hydroxytryptamine (5-HT) and substance P (SP) were compared
between the two groups. Results: The grades of delayed nausea and vomiting in the OG were superior to those in
the CG (P < 0.05). The OG had higher levels of GAS and MTL and lower level of VIP than the CG after chemotherapy
(P < 0.05). After chemotherapy, the levels of Hb, PA and ALB in the OG were higher than those in the CG (P < 0.05).
After chemotherapy, the proportion of CD4* and NK cells in the OG were higher than those in the CG, while the pro-
portion of CD8* in the OG was lower than that in the CG (P < 0.05). The serum 5-HT level in the acute phase and the
delayed phase was higher than that before chemotherapy (P < 0.05), and the serum 5-HT level in the delayed phase
was lower than that in the acute phase (P < 0.05). There was no significant difference in serum 5-HT level between
the two groups in the acute phase and the delayed phase (P > 0.05). Compared with that before chemotherapy,
SP levels in the OG decreased in the acute phase and the delayed phase, while SP levels in the CG did not change
significantly, and SP levels in the OG were lower than those in the CG (P < 0.05). Conclusion: Terra flava usta can
effectively prevent and treat digestive tract reactions (e.g., delayed nausea and vomiting) induced by postoperative
adjuvant chemotherapy for PC and protect gastrointestinal function, nutritional status and immune functions of PC
patients. The mechanism of prevention and treatment of delayed digestive tract reactions after chemotherapy with
terra flava usta may be related to the regulation of SP content. Therefore, terra flava usta is worthy of promotion and
implementation.
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status, immune functions, mechanism

Introduction approximately [3]. Digestive tract reactions,

manifested as loss of appetite and nausea and

Pancreatic cancer (PC) is a highly malignant
tumor of the digestive system, which is insidi-
ous and difficult to detect, and most PC patients
are diagnosed in the advanced stages and the
prognosis is poor [1, 2]. To date, radical resec-
tion combined with chemotherapy based on
gemcitabine is commonly adopted to treat PC,
but the 5-year survival rate is merely 20%

vomiting, are common toxic side effects of post-
operative chemotherapy for PC, which hinder
the successful completion of chemotherapy [4].
Clinically, 5-hydroxytryptamine (5-HT) receptor
inhibitors are primarily adopted to prevent nau-
sea and vomiting after chemotherapy, but the
efficacy is not satisfactory, diminishing the con-
fidence of patients in chemotherapy treatment
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[5, 6]. In recent years, Chinese medicine adju-
vant therapy has been extensively explored for
the prevention and treatment of digestive tract
reactions after chemotherapy. Doctors of tradi-
tional Chinese medicine (TCM) believe that the
spleen and stomach are closely related to
human digestive function, and chemotherapy
drugs lead to dysfunction of the spleen and
stomach, failure of stomach qi to descend, and
thus gastrointestinal reactions. Terra flava usta
can warm up the spleen and stomach, stop
nausea and vomiting, and treat nausea and
vomiting and anorexia induced by deficient cold
of the spleen and stomach. In this study, terra
flava usta was adopted to investigate the
effects and possible mechanisms of prevention
and treatment of digestive tract reactions
induced by postoperative adjuvant chemother-
apy for PC, and the influences of terra flava
usta on gastrointestinal secretion function,
body nutrition and immune function of PC
patients were observed. Results are reported
as follows.

Material and methods
General data

A total of 75 PC patients receiving postopera-
tive adjuvant chemotherapy for PC who were
admitted to our hospital from July 2016 to
August 2019 were selected as study subjects.
Inclusion criteria: (1) PC diagnosed by spiral CT,
color ultrasound and clinical manifestations,
and confirmed by postoperative pathological
examination. (2) Locally advanced PC. (3) The
digestive tract reactions were in accord with
grade 1-3 of acute radiation injury grading stan-
dard of the upper digestive tract. (4) Karnofsy
score = 70 points. (5) Clear consciousness. (6)
The estimated overall survival (0S) is > 6
months. (7) Voluntary signing of an informed
consent form. Exclusion criteria: (1) Those with
craniocerebral diseases. (2) Those with intesti-
nal obstructions, intussusception and other
digestive system diseases affecting observa-
tion indexes. (3) Those who were undergoing
enteral or parenteral nutrition. (4) Those who
do not tolerate Chinese medicine decoction. (5)
Smokers and alcoholics.

According to a random number table, the sub-
jects were divided into a control group (CG) (37
cases) and an observation group (0G) (38
cases). This study was approved by the Medical
Ethics Committee. (6) The levels of 5-HT and
substance P (SP) in the two groups were com-
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pared: 5-HT was detected by enzyme-linked
immunosorbent assay (ELISA) and SP was
detected by radioimmunoassay (RIA) before
chemotherapy, in the acute phase and the
delayed phase.

Methods

Chemotherapy method: At 4-6 weeks after sur-
gery, gemcitabine for injection (EliLillyand
Company, registration number: H20160225)
was given via an intravenous drip at 1.0 g/m?
(body surface area), the duration was 30 min,
ond 1, d8andd 15. Four weeks was a course
of treatment, chemotherapy lasted for 4 cours-
es of treatment.

At 30 min before chemotherapy, the CG
received 8 mg of ondansetron (Chang-
zhou Lanling Pharmaceutical Production Co.,
Ltd., SFDA Approval Number: H19980013) via
an intravenous drip once a day for 14 d before
chemotherapy.

Based on the regimen of the CG, the OG was
additionally treated with terra flava usta: 100 g
of terra flava usta (decocted medicine water
used in place of water as solvent), 15 g of
codonopsis pilosula, 12 g of poria cocos, 10 g
of pinellia ternata, 10 g of atractylodes macro-
cephala koidz, 10 g of hawthorn coke, 10 g of
coke divine comedy, 10 g of coke malt, 6 g of
ginger, 6 g of liquorice, 3 g of aucklandia lappa
decne and 3 g of semen alpiniae katsumadai.
One dose a day, decoction (400 ml), taken
twice a day, treated continuously for 14 d.

Assessment standard

(1) The incidence of acute nausea and vomiting
was observed after chemotherapy (within 24
h). (2) The incidence of delayed nausea and
vomiting was observed after chemotherapy
(after 24 h). Nausea: Grade 1: Loss of appetite
without changes in eating habits. Grade 2:
reduced food intake without weight loss, dehy-
dration or malnutrition. Grade 3: Insufficient
food intake, nasal feeding, total parenteral
nutrition or hospitalization required. Vomiting:
Grade 1: the number of vomiting episodes with-
in 24 hours is < 2. Grade 2: vomiting episodes
occurring 3-5 times within 24 h. Vomiting epi-
sodes = 6 times within 24 h, nasal feeding, par-
enteral nutrition or hospitalization required.
Grade 4: life-threatening, emergency treatment
required. Grade 5: Death. (3) Comparison of
gastrointestinal hormone indexes between the
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such the groups were com-
parable (Table 1).

n)
Parameter ObservaEiOH Contrtjl group 2/t p Comparison of the inci-
group (n=38) (n=37) dence of acute nausea and
Gender vomiting between the two
Male 20 21 0.129 0.720 groups
Female 18 16
Age (years) 56.87¢5.91  57.06+6.24 0.35 0.893 Ihere was no statistically
Tumor diameter (cm) 4674095  471+091 0186 0.853  Significant difference in the
Time of operation (min)  353.72+27.39 350.18+30.45 0.530 0.598 grades of acute nausea and
Amount of bleeding (ml) 506.82+93.54 513.65+97.02 0.310 0.757 vomiting between the two
S groups (P > 0.05), suggest-
Lesion site ing that the terra flava usta
Head of pancreas 19 20 exerted no negative effects
Body of pancreas 11 10 0.127 0.939 in treating acute digestive
Tail of pancreas 7 7 tract reactions induced by
Staging postoperative adjuvant che-
I 16 17 0.112 0.738 motherapy for PC (Table 2).
I\ 22 20

two groups: 3 ml of venous blood was collected
before and after chemotherapy, centrifuged at
3000 r/min for 10 min, and the levels of gastrin
(GAS), motilin (MTL) and vasoactive peptide
(VIP) were detected using enzyme-linked immu-
nosorbent assay (ELISA). (4) Comparison of
nutritional indexes between the two groups: 3
ml of venous blood was collected before and
after chemotherapy, the serum was separated
by centrifugation at 3000 r/min for 10 min, and
the levels of hemoglobin (Hb), prealbumin (PA)
and albumin (ALB) were detected using the full-
automatic analyzer. (5) Comparison of immune
function between the two groups: 3 ml of
venous blood was collected before and after
chemotherapy, and the proportions of CD4*,
CD8* and NK cells were detected by flow cytom-
etry (FCM).

Statistical analysis

SPSS 25.0 was adopted for statistical analysis.
The measurement data were expressed using
X £sd, and detected using t test. The enumera-
tion data were expressed using %, and detect-
ed using the x? test. P < 0.05 indicated a statis-
tically significant difference.

Results

Comparison of clinical data between the two
groups

There was no significant difference in general
data between the two groups (P > 0.05), as
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Comparison of the inci-
dence of delayed nausea
and vomiting between the two groups

The grades of delayed nausea and vomiting in
the OG were superior to those in the CG (P <
0.05), exhibiting that terra flava usta exerted
marked effects in preventing and treating
delayed digestive tract reactions induced by
postoperative adjuvant chemotherapy for PC,
and significantly mitigated the incidence of
delayed nausea and vomiting (Table 3).

Comparison of gastrointestinal hormone in-
dexes between the two groups

After chemotherapy, the levels of GAS and MTL
in the two groups decreased significantly, while
and level of VIP increased markedly, and the
differences were statistically significant (P <
0.001). However, after chemotherapy, the lev-
els of GAS and MTL in the OG were higher than
those in the CG, while the level of VIP in the OG
was lower than that in the CG (P < 0.001), sig-
naling that terra flava usta effectively im-
proved the gastrointestinal secretion disorders
induced by postoperative adjuvant chemother-
apy for PC (Figure 1).

Comparison of nutritional indexes between the
two groups

The levels of Hb, PA and ALB decreased signifi-
cantly after chemotherapy, and the differences
were statistically significantly different (P <
0.001). However, after chemotherapy, the lev-
els of Hb, PA and ALB in the OG were lower than
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Table 2. Comparison of acute nausea and vomiting
between the two groups [n (%)]

Parameter g?zjsr(v::gg) COQ:Z;%SOUF) 2 P
Nausea
Grade 1 22 (57.89) 17 (45.95)
Grade 2 12 (31.58) 15 (40.54) 1.072 0.585
Grade 3 4 (10.53) 5(13.51)
Vomiting
Grade1 25(65.79) 20 (54.05)
Grade 2 11 (28.95) 13 (35.14) 1.376  0.503
Grade 3 2 (5.26) 4(10.81)

Table 3. Comparison of the incidence of delayed nau-
sea and vomiting between the two groups [n (%)]

Parameter gorsjgr(v::gg) Corl‘;rzlgg;)oup 2 P
Nausea
Grade1 28(73.68) 11 (29.73)
Grade 2 10 (26.32) 22 (59.46) 15.900 0.004
Grade 3 0 (0.00) 4(10.81)
Vomiting
Grade 1 23 (60.53) 13 (35.14)
Grade 2 15 (39.47) 21 (56.76) 6.766 0.034
Grade 3 0 (0.00) 3(8.11)

those in the CG (P < 0.001), indicating that
terra flava usta effectively improved the nutri-
tional status of PC patients receiving postoper-
ative chemotherapy (Figure 2).

Comparison of immune functions between the
two groups

Before chemotherapy, there was no statistically
significant difference in the proportions of
CD4*, CD8* and NK cells between the two
groups (P > 0.05). After chemotherapy, the pro-
portions of CD4* and NK cells in the OG were
higher than those in the CG, while the propor-
tion of CD8* was lower than that in the CG
(P < 0.05), exhibiting that terra flava usta
remarkably improved the immune functions of
PC patients receiving postoperative chemo-
therapy (Figure 3).

Comparison of serum 5-HT and SP levels be-
tween the two groups

The serum 5-HT level in the acute phase and
the delayed phase was higher than that before
chemotherapy (P < 0.05), and the serum 5-HT
level in the delayed phase was lower than that
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in the acute phase (P < 0.05). There was
no significant difference in the serum 5-HT
level in the acute phase and the delayed
phase between the two groups (P > 0.05).
Compared with those before chemothera-
py, SP levels in the OG decreased in the
acute phase and delayed phase, while
those in the CG showed no significant
changes. SP levels in the acute phase and
delayed phase of the OG were lower than
those of in the CG (P < 0.05), as shown in
Table 4.

Discussion

Chemotherapy-induced nausea and vomit-
ing symptoms are related to the digestive
tract and central nervous system [7].
Chemotherapy can damage the gastroin-
testinal mucosa, stimulate chromaffin
cells in the intestinal mucosa to release a
large amount of 5-HT, activate 5-HT recep-
tors on neurons, causing changes in intes-
tinal motility and visceral sensitivity and
then leading to nausea and vomiting [8, 9].
In addition, chemotherapy drugs enter the
central nervous system through the cere-
brospinal fluid barrier, and act on the rele-
vant sites of nerve cells to release a mas-
sive amount of 5-HT. 5-HT binds with the
5-HT3 receptor in the the chemoreceptor
trigger zone (CTZ) for emesis, causing excite-
ment of vomiting center and thus resulting in
vomiting [10]. Ondansetron, a 5-HT receptor
inhibitor, is a common drug for preventing and
treating chemotherapy-induced nausea and
vomiting [11]. The mechanisms of action
of ondansetron are to inhibit 5-HT introduced
into the vagus nerve and central chemorecep-
tors in the upper digestive tract, and reduce the
level of 5-HT, thus preventing and treating nau-
sea and vomiting symptoms as a result of
excessive release of 5-HT [12, 13].

Doctors of Chinese medicine believe that the
spleen is in charge of transportation and trans-
formation, while the stomach is in charge of
storage. Chemotherapy drugs are highly toxic
drugs. Chemotherapy consumes healthy qi of
the human body, damages the spleen and
stomach, and leads to dysfunction of the spleen
in in transportation and transformation, failure
of stomach qi to descend, deficiency of cold of
the spleen and stomach, resulting in nausea
and vomiting. Calcined yellow earth, also called
terra flava usta, is clean calcined yellow earth

Am J Transl Res 2021;13(4):3182-3189
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Figure 1. Terra flava usta can effectively maintain the levels of gastrointestinal secretion of PC patients receiv-
ing postoperative chemotherapy. Note: Compared with before chemotherapy, **P < 0.001. Compared with control
group, ###P < 0.001.
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Figure 2. Terra flava usta can effectively improve the nutritional status of PC patients receiving postoperative che-
motherapy. Note: "P < 0.05, P < 0.01, **P < 0.001.
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Figure 3. Terra flava usta can markedly improve the immune functions of PC patients receiving postoperative che-
motherapy (%). Note: Compared with before chemotherapy, **P < 0.01, *"P < 0.001. Compared with control group,
#P < 0.01, #*P < 0.001.
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Table 4. Comparison of serum 5-HT and SP levels between the

two groups (X s, pg/mL)

improve efficiency. The results
of this study exhibit that there

Observation  Control group

is no statistically significant dif-

Parameter group (n=38) (n=37) P ference in the grngs of acute
5-HT nausea and vomiting between
the two groups, and the grades

Before chemotherapy 31.29+7.51 31.5248.37 0.125 0.901 group g .
. . of delayed nausea and vomit-
Acute phrase 67.37+10.36"° 72.24+11.23" 1.953 0.055 ing in the OG are superior to
SP that terra flava usta can pre-
Before chemotherapy 19.02+3.59 19.13+3.30 0.138 0.891 vent and treat delayed nausea
Acute phrase 15.2643.47" 20.95+3.65 6.921 0.000 and vomiting induced by post-
Delayed phrase 10.72+2.73"*  20.15+¢2.11 16.706 0.000 operative adjuvant chemother-

Note: “indicates compared with before chemotherapy, P < 0.05; “compared with

acute phrase, P < 0.05.

in small lumps formed in the center of the
hearth of an old firewood stove. Terra flava usta
can warm up the spleen and stomach, stop
nausea and vomiting and diarrhea, and it main-
ly treats vomiting and anorexia caused by defi-
ciency of cold of the spleen and stomach.
Codonopsis pilosula can invigorate spleen and
lung qgi. Modern pharmacology exhibits that
codonopsis pilosula can resist cancer, regulate
immune functions and gastrointestinal motility,
and inhibit gastric acid secretion. Poria cocos is
conducive to strengthening spleen and elimi-
nating dampness. Modern pharmacology [14]
indicates that poria cocos has many biological
activities, such as resisting tumors, enhancing
immunity and regulating intestinal flora. Pinellia
ternata can help to lower adverse qi and stop
vomiting. Atractylodes macrocephala koidz can
invigorate spleen and supplement qi. Modern
pharmacology [15] suggests that atractylodes
macrocephala koidz can resist tumors and reg-
ulate gastrointestinal functions. Jiao Sanxian,
namely, hawthorn coke, coke divine comedy,
coke malt, can promote digestion and remove
stagnated food. Ginger can help to dispel stom-
ach cold, reduce adverse qi and stop vomiting.
Liquorice has the detoxifying effects, and can
relieve pain and moderate the property of
herbs. Aucklandia lappa decne can regulate
middle energizers and guide out stagnation.
Semen alpiniae katsumadai can dispel cold,
relieve diarrhea, strengthen stomach and stop
vomiting. The combination of the aforemen-
tioned herbs can invigorate the spleen and
stomach, stop vomiting and diarrhea, and
reduce adverse qi. Terra flava usta combined
with ondansetron can reduce toxicity and
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apy for PC, and digestive tract
reactions during chemothera-
py. This may be due to the rea-
son that ondansetron inhibits
gastrointestinal reactions, and terra flava usta
invigorates spleen and stomach, stops vomit-
ing and diarrhea, and alleviates adverse reac-
tions, so that improved synergistic efficacies
and reduced chemotherapy toxicity are
achieved, and thus nausea and vomiting symp-
toms are effectively prevented and treated
after chemotherapy.

Chemotherapy drugs damage the spleen and
stomach, resulting in gastrointestinal dysfunc-
tion and thus affecting gastrointestinal hor-
mone secretion [16]. GAS and MTL, which are
of the gastrin families, can coordinate the con-
traction of esophageal and gastric sphincter,
promote the secretion of gastric acid and pan-
creatic juice, and regulate the gastrointestinal
motility [17, 18]. VIP, a kind of neurotransmitter,
it can promote the synthesis of nitric oxide by
target cells, thereby facilitating smooth muscle
relaxation, reducing gastric secretions, inhibit
smooth muscle contraction and regulate gas-
trointestinal motility [19, 20]. The results of this
study suggest that after chemotherapy, the lev-
els of GAS and MTL in the OG were higher than
those in the CG, while the level of VIP was lower
than that in the CG. This may be due to the rea-
son that chemotherapy causes gastrointestinal
secretion disorders, resulting in a rise in the
levels of GAS and MTL and a fall in the level of
VIP. However, terra flava usta can effectively
reduce chemotherapy toxicity, maintain the lev-
els of gastrointestinal secretions and relieve
gastrointestinal secretion disorders. Mea-
nwhile, codonopsis pilosula, poria cocos, and
atractylodes macrocephala koidz can regulate
gastrointestinal functions and improve gastro-
intestinal secretions [21].
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After chemotherapy, nausea and vomiting
symptoms directly affect patients’ nutrition
intake, resulting in a fall in the levels of Hb, PA
and ALB [22, 23]. The decrease in nutrition
intake affects the immune function. Meanwhile,
chemotherapy drugs directly inhibit the cellular
immune functions of PC patients, causing
changes in the proportion of CD4*, CD8* and
NK cells [24]. The results of this study indicate
that after chemotherapy, the levels of Hb, PA
and ALB in the OG were lower than those in the
CG, and the proportions of CD4* and NK cells in
the OG were higher than those in the CG, while
the proportion of CD8* in the OG was lower
than that in the CG. This result is similar to that
in related reports [25]. It signals that terra flava
usta can effectively improve the nutritional sta-
tus and immunosuppression of PC patients
receiving postoperative chemotherapy. This
may be due to the reason that terra flava usta,
which is adopted to prevent and treat nausea
and vomiting symptoms, can improve the diet
and immune function, nutrition intake, and
physical fitness of PC patients. Additionally,
codonopsis pilosula can regulate immune func-
tion, gastrointestinal motility and gastric acid
secretions. Poria cocos can enhance immunity
and moderate intestinal flora. Atractylodes
macrocephala can regulate gastrointestinal
functions, and improve gastrointestinal func-
tion and immune function through multiple
channels and multi-target pharmacological
effects of multiple active ingredients of Chinese
herbs, thus promoting nutrition intake and
immunity [26]. Various neurotransmitters, such
as 5-HT and SP, are believed to be closely relat-
ed to the occurrence of nausea and vomiting
after chemotherapy, among which 5-HT plays
an important role in the occurrence of acute
digestive tract reactions, while SP plays an
important role in the occurrence of delayed
digestive tract reactions [27]. The results of
this study showed that the serum 5-HT of the
OG was slightly lower than that of the CG after
chemotherapy, but the difference was not sta-
tistically significant (P > 0.05), and the SP level
of the OG in the acute phase and the delayed
phase was significantly lower than that of the
CG (P < 0.05), suggesting that the mechanism
of terra flava usta in the prevention and treat-
ment of delayed digestive tract reactions
induced by postoperative adjuvant chemother-
apy may be related to the regulation of SP
content.
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In summary, terra flava usta can effectively pre-
vent and treat digestive tract reactions (e.g.,
delayed nausea and vomiting) induced by post-
operative adjuvant chemotherapy for PC, and
protect gastrointestinal functions, nutritional
status and immune functions of PC patients.
The mechanism of prevention and treatment of
delayed digestive tract reaction after chemo-
therapy with terra flava usta may be related to
the regulation of SP content. However, there
are some shortcomings in this study, such as a
single center study and small sample size.
Therefore, the future studies with a greater
sample size should be conducted so as to fur-
ther verify the clinical value of terra flava usta in
preventing and treating digestive tract reac-
tions induced by malignant tumor che-
motherapy.
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