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Abstract

This study investigates the changes in diamine oxidase (DAO) and D-lactate levels in cancer patients undergoing chemothera}
and their clinical significance in evaluating intestinal barrier function. Breast and gynecologic cancer patients who received
chemotherapy between January 2020 and December 2023 were enrolled from our hospital. Blood samples were taken
before chemotherapy, within 3 days after chemotherapy, and before the next course of chemotherapy. The level of plasma
DAO and D-lactate were measured by enzyme-linked immunosorbent assay (ELISA). After chemotherapy, nutritional markers
such as albumin (ALB) and prealbumin (PAB) were evaluated. Anorexia, vomiting, nausea and diarrhea were evaluated during
the chemotherapy cycle. There were no notable differences in serum DAO and D-lactate levels before chemotherapy among
different tumor types, tumor stage and chemotherapy type. Serum DAO and D-lactate levels after chemotherapy were significantly
elevated compared to their levels before chemotherapy (P < .05). The plasma DAO and D-lactate levels in cancer patients before
the next course of chemotherapy were higher than those observed before the initial treatment, but the difference failed to achieve
statistical significance (P > .05). The levels of DAO before chemotherapy were higher in patients with diarrhea and anorexia after
chemotherapy than those without diarrhea and anorexia (P < .05). The levels of D-lactate before chemotherapy were notably
elevated in patients with vomiting, diarrhea and nausea after chemotherapy than those without vomiting, diarrhea and nausea
(P < .05). Monitoring serum levels of DAO and D-lactate in cancer patients undergoing chemotherapy can serve as indicators for
evaluating gastrointestinal dysfunction and nutritional status.

Abbreviations: ALB = aloumin, DAO = diamine oxidase, ELISA = enzyme-linked immunosorbent assay, PAB = prealoumin, SD =
standard deviation.
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1. Introduction intestinal structure and enhance gut barrier permeability,
allowing metabolites from the gut microbiota to leak into the
bloodstream.?! Alterations in serum diamine oxidase (DAO)
and D-lactate levels may represent markers of changes in gut
wall permeability.

DAO is an enzyme predominantly located in the gastroin-
testinal tract, where it is essential for metabolizing dietary his-
tamine. When the intestinal barrier is compromised, DAO is
transferred into the bloodstream, making serum DAO activity
an indirect indicator of intestinal permeability.’! Additionally,
D-lactate is frequently utilized as an indicator for clinical
assessment of intestinal mucosal permeability. D-lactate is an
important metabolite in the digestive system, and its presence
in the blood can indicate increased intestinal mucosal per-
meability, serving as an early marker of intestinal mucosal
damage.*!

Patients with impaired intestinal barrier function had sig-
nificantly decreased tolerance to chemotherapy and increased

Cancers of the breast and female reproductive system, such as
cervical, endometrial, ovarian, and other rare gynecologic malig-
nancies, pose a significant threat to women’s health.! While
surgical intervention is the primary treatment for early-stage
cancers, chemotherapy is commonly employed for managing
advanced or recurrent cases. Chemotherapy can substantially
improve the prognosis of cancer patients, but it also carries the
risk of serious side effects. Gastrointestinal toxicities resulting
from chemotherapy can adversely impact patients’ nutritional
status by reducing food intake and may lead to delays or discon-
tinuation of treatment.

The intact intestinal mucosal structure and normal intesti-
nal barrier function are very important to improve the prog-
nosis and prognosis of the patients with malignant tumor,
this has also become an important factor affecting the pro-
cess of chemotherapy. External stimuli can impair the normal
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complications. Impairment of intestinal barrier function is
linked to poor clinical outcomes and often exacerbates malnu-
trition. The purpose of this study was to evaluate the impact
of DAO and D-lactate on the adverse reactions and nutritional
status of cancer patients during chemotherapy so as to provide
insights for clinical intervention.

2. Methods
2.1. Study participants

Cancer patients who received chemotherapy in our hospital
between January 2020 and December 2023 were screened to
be included. Inclusion criteria: Pathological diagnosis of breast
cancer, cervical cancer, or ovarian cancer; complete clinical data;
no surgery, radiation therapy, or other chemotherapy interven-
tions were performed within the 4 weeks prior to this chemo-
therapy; the patient’s informed consent form and signature on
the consent form.

Exclusion criteria: the presence of major organ disease or
dysfunction, the presence of other malignancies, the presence of
systemic infectious disease or autoimmune disease, the presence
of abnormal coagulation, the presence of neurological disorder
disease, and the presence of multi-organ failure has the intesti-
nal tract chronic inflammation and other intestinal dysfunction
disease. The Ethics Committee of the Second People’s Hospital
of Hefei granted approval for this study.

2.2. Detection of observation indicators

Observation indicators include nutritional status and intesti-
nal mucosal barrier integrity indicators. We assessed intestinal
mucosal barrier markers such as DAO and D-lactate in periph-
eral blood collected 1 week before chemotherapy, within 3 days
after chemotherapy, and before the next course of chemotherapy.

After chemotherapy, we evaluated nutritional markers such as
albumin (ALB) and prealbumin (PAB).All blood samples were
taken following an overnight fast of no <6 hours. Collected blood
was immediately centrifuged at 1500g for 15 minutes at 4°C. All
serum samples were stored at —~80°C until use. The serum levels of
DAO and D-lactate were assessed using an enzyme-linked immu-
nosorbent assay (ELISA) (Beijing Zhongsheng Jinyu Diagnostic
Technology Co., Ltd, China). All measurement procedures were
carried out following the manufacturer’s instructions. The levels
of ALB and PAB were detected by automatic biochemical ana-
lyzer. In addition, we evaluated the anorexia, vomiting and diar-
rhea during the chemotherapy cycle.

2.3. Statistical analysis

Statistical ~analysis was conducted using SPSS 20.0
(Chicago). Continuous data were tested for normality by the

Levels of DAO and D-lactate in patients with different clinical characteristics.

Characteristic Number DAO P D-lactate P
Tumor type
Breast cancer 22 958 +247 849 1425+246 .880
Cervical cancer 10 9.09 +2.82 14.86 + 5.42
Ovarian cancer 10 9.02 £3.10 13.85 + 3.68
Tumor stage
Itol 10 8.95+3.04 521 13.64+4.71 .402
lIl'to IV 32 9.56 + 2.42 14.64 +3.18
Chemotherapy type

14.01 +2.54 598
14.68 + 4.93

9.15+230 .549
9.69 + 3.02

Adjuvant chemotherapy 20
Palliative chemotherapy 22

DAO = diamine oxidase.
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Kolmogorov-Smirnov method and all were in accordance with
normal distribution, presented as mean = standard deviation.
Intergroup comparison was performed using the independent
samples #-test, while comparison among multiple groups was
conducted using 1-way analysis of variance. P < .05 was inter-
preted as statistically significant.

3. Results

3.1. Participant baseline characteristics

The patients were included 22 with breast cancer, 10 with cer-
vical cancer and 10 with ovarian cancer. There were no notable
differences in serum DAO and D-lactate levels before chemo-
therapy among different tumor types, tumor stage, and chemo-
therapy type (P >.05) (Table 1).

3.2. Comparison of serum DAO and D-lactate levels before
chemotherapy, after chemotherapy, and before the next
course of chemotherapy

The DAO and D-lactate levels after chemotherapy were sig-
nificantly elevated compared with those before chemotherapy
(P < .05), see Table 2. The plasma DAO and D-lactate levels in
cancer patients before the next course of chemotherapy were
higher compared with those before chemotherapy, but the dif-
ference was not statistically significant (P > .035).

3.3. Effects of DAO and D-lactate on the levels of ALB and
PAB after chemotherapy

The levels of PAB after chemotherapy were notably reduced
compared to those before chemotherapy (P <.05). Similarly,
ALB levels also showed a decline after chemotherapy, but the
difference failed to achieve statistical significance (P > .05), see
Table 3. Subsequently, we examined the relationship between
pre-chemotherapy DAO and D-lactate and post-chemotherapy
PAB levels, with greater PAB reductions in patients with higher
levels of DAO (P < .05).

3.4. Effects of DAO and D-lactate on adverse reactions
after chemotherapy

We mainly evaluated the side effects such as vomiting, diarrhea,
anorexia, and nausea during this chemotherapy cycle. The levels
of DAO before chemotherapy were higher in patients with diar-
rhea and anorexia after chemotherapy than those without diar-
rhea and anorexia (P < .03), as detailed in Table 4. Additionally,
the levels of D-lactate before chemotherapy were notably ele-
vated in patients with vomiting, diarrhea and nausea after che-
motherapy than those without vomiting, diarrhea and nausea
(P <.05), see Table 4.

Comparison of serum DAO and D-lactate levels before and after
chemotherapy.

Group Number DAO D-lactate

before chemotherapy 42 9.38 + 2.60 14.29 + 3.68

After chemotherapy 42 13.02 + 3.82¢ 19.75 + 441~

Before the next course 42 10.29 + 2,741+ 15.24 + 2,941+
of chemotherapy

DAO = diamine oxidase.

*P<.05 vs before chemotherapy.
1P<.05 vs after chemotherapy.
1P>.05 vs before chemotherapy.
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4. Discussion

The introduction of novel anticancer and molecularly targeted
therapies has established chemotherapy as a standard approach
for treating numerous cancers, particularly those in advanced
or metastatic stages. Unfortunately, these treatments often cause
gastrointestinal mucosal injury, leading to adverse effects such
as anorexia, nausea, and diarrhea. Such gastrointestinal tox-
icity not only diminishes patients’ quality of life and compro-
mises their nutritional health but also risks treatment delays
or dose reductions.!®” Additionally, damage to the gastrointes-
tinal lining and associated malnutrition during chemotherapy
may facilitate bacterial translocation, potentially resulting in
severe, life-threatening complications.!® Therefore, we moni-
tored gut barrier function in patients with malignant tumors
for early detection, diagnosis and treatment of gastrointestinal
dysfunction.

Because of intestinal barrier impairment, DAO and D-lactate
within the intestinal mucosal epithelium are discharged into
the bloodstream."®!"l Studies have confirmed that alterations in
DAQO and D-lactate levels within the peripheral blood can be
gauged through noninvasive means, serving as effective indica-
tors to mirror the condition of the intestinal mucosa.!'>! The
study by Zhang et al'¥ further demonstrated that serum DAO
and D-lactate are accessible and widely accepted biomarkers for
evaluating intestinal barrier impairment. When the intestinal
mucosal cells undergo necrosis and exfoliation, the transloca-
tion of DAO into bloodstream triggers a rise in plasma DAO
levels, indicating the impairment of the intestinal mucosal bar-
rier and alterations in intestinal permeability.>!>!¢l D-lactate is
primarily synthesized by fermentation of microorganisms.!!”!
Under typical conditions, the intestinal epithelium serves as a
barrier to keep the levels of D-lactate in the intestinal cavity in
check. Nevertheless, when the structure of the intestinal mucosa
suffers damage, the serum D-lactate levels will rise.l"!l Thus,
the fluctuations in the concentrations of DAO and D-lactate
mirror the degree of intestinal mucosal impairment and alter-
ations in permeability. For example, Yang et al?! found that
integrating serum DAO, D-lactate, and endotoxin levels offered
a superior predictive value for gut-derived infections compared
to individual markers alone, and incorporating these indica-
tors with the diagnosis of malignant bowel obstruction further
enhanced the prediction accuracy.

A previous study?! has established that serum DAO activity
significantly increases following cisplatin exposure and histo-
pathological analysis of intestinal tissues revealed severe muco-
sal damage, including villous atrophy, detachment, and loss.
Previous studies??! have mostly focused on gut barrier function
before and after chemotherapy for gastrointestinal tumors,
and given that gastrointestinal tumors themselves may have
impaired gut barrier function, this may influence the results
to some extent, so we studied the levels of DAO and D-lactate
during chemotherapy of breast cancer and gynecologic tumor.
In our study, the levels of DAO and D-lactate in peripheral
blood of patients after chemotherapy exceeded those before
chemotherapy, indicating that chemotherapy has some dam-
age to intestinal mucosa of cancer patients. Meanwhile, our
study demonstrated that there were no significant differences
in serum DAO and D-lactate levels before chemotherapy

Comparison of ALB and PAB level before and after chemotherapy
(mean = SD, g/L).

Group

Number ALB P PAB P

39.01+£208 .057
38.16 + 1.61

221+049 .046
1.99 + 0.41

Before chemotherapy 42
After chemotherapy 42

ALB = albumin, PAB = prealbumin, SD = standard deviation.

www.md-journal.com

among different tumor types, tumor stage and chemotherapy
type, which might be associated with the limited sample size.
Further study is needed to expand the sample size. Our study
showed that circulating DAO and D-lactate levels in cancer
patients before the next course of chemotherapy exceeded
those measured before the initial treatment, but the difference
failed to reach statistical significance. This suggests that the
use of chemotherapeutic drugs leads to a notable rise in serum
DAO and D-lactate levels, which gradually return to normal
during the drug-free interval.

Diarrhea and appetite loss are common gastrointestinal side
effects of cancer treatments, stemming from intestinal muco-
sal dysfunction induced by chemotherapeutic drugs. Previous
studies demonstrated that plasma DAO activities exhibited a
weak relationship with appetite loss during chemotherapy in
patients with gastric cancer.??l We mainly evaluated the gas-
trointestinal side effects such as vomiting, diarrhea, anorexia,
and nausea during this chemotherapy cycle. The results of this
study revealed that pre-chemotherapy DAO levels were ele-
vated in patients who developed diarrhea and anorexia after
chemotherapy compared to those who did not. Similarly,
pre-chemotherapy D-lactate levels were elevated in patients
with vomiting, diarrhea and nausea after chemotherapy than
those without vomiting, diarrhea and nausea. This aligns with
the results of Zhang et al,**! who assessed that serum DAO
and D-lactate levels before radiotherapy were notably elevated
in patients experiencing gastrointestinal dysfunction during
radiotherapy for liver cancer than in the group without gastro-
intestinal dysfunction.

The intestinal barrier has a significant effect on nutrient
absorption, and continuous damage can impair this process,
ultimately leading to malnutrition.?*! Moreover, malnutrition
can not only impact the completeness of the intestinal barrier
but also disrupt the equilibrium of intestinal microbiota.?>2¢l
ALB is produced by the liver and is associated with nutritional
status. PAB is rarely stored in the body and biological half-life for
only 1.9 days, so its level is a sensitive indicator of recent over-
all nutritional status.?”! We examined the relationship between
pre-chemotherapy DAO and D-lactate and post-chemotherapy
PAB levels, with greater PAB reductions in patients with higher
levels of DAO. This shows that DAO level may be a reliable
marker of malnutrition, which is consistent with Miyoshi et
al?® findings. Geng et al®! has demonstrated that the DAO
and D-lactate levels were markedly reduced following nutri-
tional intervention, indicating the restoration of intestinal
barrier integrity. Therefore, the evaluation and intervention
of nutritional status during chemotherapy should be strength-
ened for patients with high DAO level before chemotherapy.

There are a few limitations in this research. First, the sam-
ple number was limited, and the subject had only 3 type of

Effects of DAO and D-lactate on adverse reactions after chemotherapy.

Adverse reaction  Number DAO P D-lactate P
Vomiting
No 37 8.61 +3.17 395 1332+272  .001
Yes 5 9.56 + 2.46 18.31 £4.59
Diarrhea
No 35 8.77 +2.36 023 1351 +£255 .038
Yes 7 10.94 + 2.63 16.32 + 5.31
Anorexia
No 29 8.63 +2.23 018 140+2.28 538
Yes 13 10.71 £ 2.74 14.81 £ 5.43
Nausea
No 34 8.59 +2.70 263 13.31+287 .008
Yes 8 9.68 +2.54 16.82 + 4.46

DAO = Diamine oxidase.
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cancer. Hence, it becomes essential to enlarge the sample num-
ber and tumor species to study the correlation between chemo-
therapy and the change of DAO and D-lactate level. Second,
because serum levels of PAB and ALB are not sufficient to
indicate nutritional status, additional nutritional indicators
should be explored. Third, because this study only focused
on single-center patients with a small sample size, the specific
medications used in the treatment regimen were not classified,
and the impact of different chemotherapy regimens was not
considered.

5. Conclusions

In conclusion, our research centered around the impacts of
DAO and D-lactate on common adverse reactions and nutri-
tional status after chemotherapy in gastrointestinal cancer. High
pre-chemotherapy DAO and D-lactate levels had a good predic-
tive effect on vomiting, diarrhea and deterioration of nutritional
indicators after chemotherapy. Monitoring serum levels of DAO
and D-lactate before chemotherapy has positive reference value
for the prevention and treatment of adverse reactions after che-
motherapy and the whole course of nutrition management.
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