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Objective: Genistein has an anti-inflammatory effect that may be beneficial in many inflammatory diseases. The aim of this
study was to determine the effects of supplementation of oral/enteral nutrition (EN) with genistein on the level of inflamma-
tory cytokines in septic patients.

Materials and Methods: This prospective, randomized controlled study included critically ill adult patients with sepsis receiving
EN or oral/EN. The patients were randomly divided into a genistein or a control group. Genistein (60 mg/day) was administered
as a supplement to EN in the genistein group and the control group received only EN or oral/EN. Serum interleukin 1 beta (IL-
1p), interleukin 6 (IL-6), high mobility group box 1 protein (HMGB-1), tumor necrosis factor alfa (TNF-a), procalcitonin (PCT),
and C-reactive protein (CRP) concentrations were serially measured at the baseline, 24" hour, and 72" hour after admission.
Results: Thirty-two participants (genistein group: 16 patients, control group: 16 patients) were included. The mean age was
56+17 years. The serum IL-1p concentration in the genistein group was significantly higher than that of the control group
in follow-up (p=0.001). The control group had a significantly lower serum IL-6 value at the 72" hour compared with the
baseline and 24"-hour values (p=0.001). The TNF-0, concentration was significantly greater (p<0.001, both groups), while
the PCT values were lower in follow-up measurements (genistein group: p=0.031; control group: p=0.004). The CRP level
was higher in the genistein group than in the control group at the baseline (p=0.019) and significantly lower in follow-up
measurements (p=0.028). At all of the study time points, the serum IL-6, TNF-0, HMGB-1, and PCT level of the genistein
group was similar to that of the control group.

Conclusion: Genistein supplementation may add to the inflammation process and worsen the prognosis of sepsis patients
in the acute period.
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Sepsis is a clinical condition that develops in response to severe infection. Despite improvement in diagnosis and
treatment, there is still a high risk of mortality. The incidence of sepsis is approximately 30% in intensive care
unit (ICU) patients (1). Severe sepsis and septic shock continue to be a frequent cause of death in an ICU. The
sepsis triad consists of systemic inflammation, coagulation, and impaired fibrinolysis. There is an exaggerated
and irregular host response in the pathophysiology of sepsis involving microbial pathogens and the inflammatory
response. Cytokines are released as a response to invading microorganisms (2, 3). Interleukin 1 beta (IL-1p) and
tumor necrosis factor alfa (TNF-o) are released as early phase molecules, followed by cytokines such as interleukin
6 (IL-6) and high mobility group box 1 protein (HMGB-1). Studies have reported high serum IL-1p, IL-6, and
TNF-o levels in many inflammatory diseases (cardiovascular disease, cancer, autoimmune diseases). The severity
of the sepsis and peak levels of cytokines are associated with poorer outcomes (3-5).

Genistein (soy isoflavone) is derived from legumes and appears to be a promising multifunctional agent. It displays
a broad range of anti-inflammatory, antioxidant, antiviral, and antibacterial effects. The primary mechanism for the
anti-inflammatory effect of genistein is related to inhibition of nuclear factor kappa-B (NF-«B) and chemokine-8 (6, 7).
TNF-a plays a crucial role in inflammatory diseases by activating NF-kB. NF-xB is described as a transcription factor. It
also plays a decisive role in stimulating cell growth, survival, and apoptosis. It has been reported that genistein supple-
mentation given to 6 healthy adult males inhibited NF-xB activation in peripheral lymph cells (8). The anti-inflamma-
tory role of genistein has been demonstrated in preclinical studies, including a report that genistein could potentially
contribute to preventing Alzheimer’s disease (9). Various in vitro studies have reported that genistein may reduce the
production or release of IL-6 and TNF-a (9, 10). Research has indicated that soy isoflavones may be beneficial in
efforts to prevent and heal many chronic diseases, such as inflammatory diseases, cardiovascular disorders, osteoporo-
sis, and cancer (11-13). Genistein supplementation studies are generally preclinical studies; to the best of our knowl-
edge, there have been no previous clinical studies that have investigated the effect of genistein in patients with sepsis.
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Enrollment

Assessed for eligibility (n=100)

Excluded (n=68)

¢ Not meeting the inclusion criteria (n=60)
¢ Declined to participate (n=8)

Y

Randomized (n=32)

Analyzed (n=16)
¢ Excluded from analysis (n=0)

Study enrollment and randomization

It was hypothesized that the addition of genistein to enteral nutrition
(EN) in critically ill patients with sepsis, including hyperinflammation,
could play a valuable role in decreasing proinflammatory markers
and improving the prognosis. Morbidity and mortality might be re-
duced with lower levels of proinflammatory cytokines in sepsis.

The Erciyes University Clinical Research Ethics Committee approved
this study. Written informed consent was obtained from all of the
patients/their legal representatives before enrollment, and the study
was registered with ClinicalTrials.gov, the international database pro-
vided by the US National Library of Medicine (no: NCT02796794).

This exploratory, single-center, open label, randomized controlled
study was conducted in the 18-bed medical ICU of Erciyes Univer-
sity Hospital between June 2016 and June 2017. The inclusion
criteria were age =18 years, diagnosis of sepsis (14) in the first 12
hours after admission to ICU, expectation of stay in the ICU of
>48 hours, and use of EN (EN alone or oral+EN), Patients with
thyroid dysfunction or hyperlipidemia were excluded.

Initial patient data were collected at the time of randomization. The
patient demographic data, source of sepsis, and the primary reason
for ICU admission were recorded upon study admission. The Acute
Physiology and Chronic Health Evaluation II (APACHE 1I) score
was calculated at 24 hours after ICU admission. The Sequential Or-
gan Failure Assessment (SOFA) score was assessed at baseline (24"

Allocation
Allocated to intervention (n=16) Allocated to intervention (n=16)
® Received allocated intervention (n=16) o Received allocated intervention (n=16)
¢ Did not receive allocated intervention (n=0) ¢ Did not receive allocated intervention (n=0)
Follow-up
Y Y
Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
Analysis
Y Y

Analyzed (n=16)
¢ Excluded from analysis (n=0)

hour of sepsis diagnosis), and the 24™ and 72" hour. The need for
renal replacement therapy and vasopressor treatment, days of me-
chanical ventilation (MV), length of ICU and hospital stay, and ICU
mortality were also recorded. All of the patients received nutrition
therapy according to recommendations of the European Society
for Clinical Nutrition and Metabolism (ESPEN) and the American
Society for Parenteral and Enteral Nutrition (ASPEN) guidelines for
nutrition in ICU. Energy requirements were calculated at baseline,
and the intake was recorded at baseline, and the 24" and 72" hour.

All of the study participants were randomly assigned in a 1:1 ratio
to receive either 60 mg genistein (genistein group) or a placebo
(control group) using the sealed envelope method.

Venous blood samples were drawn into an 8 mL sterile plain tube
(without anticoagulant) before administering any medication (base-
line), and at the 24" and 72" hour to measure the level of inflamma-
tory cytokines (IL-1B, IL-6, HMGB-1 protein, and TNF-0), procalci-
tonin (PCT), and C-reactive protein (CRP). The blood samples were
centrifuged at 3000 g for 10 minutes, and the serum was collected.
The samples were stored at -40 °C until the biochemical analyses
were to be performed and then brought to room temperature. Serum
TNF-a (cat. no: EH0302), IL-1B (cat. no: EH0185), IL-6 (cat. no:
EHO0201), and HMGB-1 (cat. no: EH0884) levels were measured ac-
cording to the manufacturer’s instructions using commercially avail-
able enzyme-linked immunosorbent assay kits (FineTest Human Elisa
Kits, Wuhan Fine Biotech Co., Ltd. Wuhan, Hubei, China).
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Table 1. Patient demographic and clinical characteristics
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Variables Total (N=32) Genistein group (n=16) Control group (n=16) P
Age (mean+SD) (years) 56+17 54+16 59+17 0.698
Gender, n (%) 0.238

Male 23 (72) 10 (63) 13 (37)

Female 9 (28) 6 (81) 3(19)
Reason for ICU admission, n (%) 0.142

Respiratory failure 17 (53) 11 (65) 6 (35)

Septic shock 9 (28) 2 (22) 7 (78)

Postoperative 1(3) 1(100) 0 (0)

Other 5(16) 2 (40) 3 (60)
Source of sepsis, n (%) 0.421

Respiratory 18 (56) 8 (44) 10 (56)

Gastrointestinal system 6 (19) 5 (83) 1(17)

Genitourinary system 4 (13) 1(25) 3(75)

Catheter 2 (6) 1 (50) 1 (50)

Other 2 (6) 1 (50) 1 (50)
APACHE II score (mean+SD) 16+9 17+9 16+8 0.725
SOFA score (mean+SD)

Baseline 5+3 5+3 5+3 0.743

24" hour 5+3 5+3 4+3 0.998

72" hour 4+3 5+3 4+2 0.322
Need for renal replacement therapy, n (%) 8 (25) 6 (75) 2 (25) 0.096
Need for vasopressor therapy, n (%) 8 (25) 5(63) 3(37) 0.412
Duration of mechanical ventilation, median (min—max) (days) 8 (1-117) 13 (6-117) 7 (1-12) 0.037
Length of ICU stay, median (min-max) (days) 7.5(3-117) 10.5 (3-117) 6.5 (3-24) 0.232
Length of hospital stay, median (min-max) (days) 13.5(5-117) 20.5 (5-117) 12.5 (5-30) 0.192
ICU mortality, n (%) 12 (37.5) 9 (56) 3 (44) 0.028

APACHE II: Acute Physiology and Chronic Health Evaluation II; ICU: Intensive care unit; SOFA: Sequential Organ Failure Assessment; SD: Standard deviation

The serum PCT level was measured using the electrochemilumi-
nescence immunoassay method on a Cobas e801 autoanalyzer
(Roche Diagnostics, Basel, Switzerland). The serum CRP concen-
tration was analyzed using a Siemens Dade Behring BN II neph-
elometer (Siemens Healthineers GmbH, Erlangen, Germany). Mi-
croorganism growth was recorded from routine culture analyses
during ICU follow-up.

All of the data were analyzed with IBM SPSS Statistics for Win-
dows, Version 22.0 software (IBM Corp., Armonk, NY, USA).
Continuous data were presented as the mean+SD or the me-
dian (min-max). The Shapiro-Wilk test was performed to test
normality. Comparisons between 2 groups of continuous vari-
ables were conducted using Student’s t-test for normally distrib-
uted data and the Mann-Whitney U test for data with a non-
normal distribution.

Two-way repeated measures analysis of variance (ANOVA) was
conducted to evaluate the effect of time (baseline, 24", and 72
hour) and group interaction between variables. The Friedman test

was used to evaluate the effect of time for non-normally distributed
variables. A chi-squared test or Fischer’s exact test was used to
determine significant differences between categorical variables. A
p value of <0.05 was accepted as statistically significant.

In all, 100 patients were screened; 68 were ineligible, and 32 were
enrolled. The patients accepted into the study were divided into 2
equal groups: 16 participants in the genistein group and 16 partic-
ipants in the control group (Fig. 1). The demographic and clinical
data of the patients are provided in Table 1. The mean age of the
sample was 56+17 years. The most common reasons for ICU ad-
mission were respiratory failure in 17 patients (53.0%) and septic
shock in 9 patients (28.0%).

Repeated measures ANOVA results revealed no statistically sig-
nificant interaction according to group or time in the serum IL-1B
concentration (p=0.318). During the follow-up period, there was
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Table 2. Inflammatory cytokine levels during follow-up
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Variables Total Genistein group Control group p* p* p*
(N=32) (n=16) (n=16) (group) (time) (int.)
IL-1B (mean+SD) (pg/mL) 0.001 0.140 0.318
Baseline 31.4+11.5 39.7+7.7° 23.0+£8.1°
24" hour 38.2+16.0 41.4+14.6* 34.9+17.1°
72 hour 33.1+16.5 37.6+17.6 28.6+14.4°
IL-6 (mean+SD) (pg/mL) 0.167 0.001 <0.001
Baseline 28.9+13.3 29.5+17.8% 28.2+7.14
24 hour 32.0+15.7 28.4+10.6% 35.6+19.34
72" hour 21.2+15.3 31.6+14.9% 10.8+5.38
TNF-a (mean+SD) (pg/mL) 0.092 <0.001 0.025
Baseline 68.1+11.7 68.3+12.34 67.7+11.34
24" hour 76.1£16.0 74.5+13.748 77.7+18.34
72" hour 95.4+21.6 86.3+15.18 104.6+23.68
HMGB-1 (mean+SD) (pg/mL) 0.902 0.640 0.451
Baseline 68.9+38.9 67.4+35.8 70.4+42.9
24" hour 73.2+35.6 78.5+40.5 67.8+30.4
72 hour 74.8+41.9 73.1£3.2 76.4+41.9
p**
(group)
Procalcitonin (median [min-max]) (ng/mL)
Baseline 5.9 (0.05-119) 5.5(0.10-1194 6.5 (0.05-114)* 0.925
24" hour 3.7 (0.05-200) 4.3 (0.07-200)8 3.8 (0.05-80)8 0.940
72" hour 2.1 (0.05-200) 2.5(0.07-200)8 1.3 (0.05-12)8 0.298
p**™* (time) 0.031 0.004
CRP (median [min-max])
Baseline 169.5 (5-380) 201.5 (76-380)» 131 (5-251) 0.019
24" hour 149 (4-413) 154.5 (14-413)"® 141.5 (4-338) 0.250
72" hour 118 (3-316) 144 (31-316)® 89.5 (3-206) 0.105
p*** (time) 0.028 0.052

*: Repeated measure two-way analysis of variance; **: Mann-Whitney U test; ***: Friedman test; a,b,c... lowercase and A,B,C... uppercase letters indicate the Bonferroni

post-hoc test results for groups and time points, respectively. Letters indicate the difference between groups and time points. CRP: C-reactive protein; HMGB-1: High
mobility group box 1 protein; IL1-: Interleukin 1 beta; IL-6: Interleukin 6; TNF-a: Tumor necrosis factor alpha; SD: Standard deviation

no statistically significant difference between time points in the 2
groups (p=0.140). The serum IL-1p level in the genistein group
was significantly higher than that of the control group at all time
points (p=0.001) (Table 2).

Statistically significant differences were observed in ANOVA re-
sults for serum IL-6 concentration in group*time interaction anal-
ysis (p<0.001). The genistein group had a similar serum level
of IL-6 to that of the control group at all time points (p=0.167).
However, the serum IL-6 concentration of the control group at
72 hours was significantly lower than the values seen at baseline
and the 24 hour after admission (p=0.001) (Table 2).

Also shown in Table 2, repeated measures ANOVA results
vielded a significant group*time interaction for the serum TNF-q.

concentration (p=0.025). During follow-up, there was no statis-
tically significant difference between the genistein group and the
control group (p=0.092). The serum TNF-o concentration was
significantly elevated during follow-up in both groups (p<0.001).

The results revealed no significant group*time interaction for serum
HMGB-1 protein values (p=0.451). The HMGB-1 protein level
was similar in both groups (p=0.902) and did not change during
follow-up (p=0.640) (Table 2).

The PCT value did not present a significant difference between
groups at any time point of the study (p=0.925, p=0.940, and
p=0.298). The serum PCT level was lower during follow-up in both
the genistein and the control group (genistein group: p=0.031;
control group: p=0.004).
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Table 3. Microbiological culture findings

Type of culture

Blood

Catheter

Respiratory secretions

Elay et al. The Effects of Genistein Supplementation on Sepsis

Genistein group

Staphylococcus epidermidis (n=5)
Escherichia coli (n=1)

Klebsiella pneumoniae (n=1)
Pseudomonas aeruginosa (n=1
Streptococcus sanguineous (1)
Staphylococcus epidermidis (n=4)
Escherichia coli (n=1)

Klebsiella pneumoniae (n=2)
Acinetobacter baumannii (n=1)
Enterococcus faecalis (n=1)
Staphylococcus aureus (n=3)
Staphylococcus epidermidis (n=1)
Acinetobacter baumannii (n=2)
Enterococcus faecalis (n=1)
Non-hemolytic streptococci (n=1)

Pseudomonas aeruginosa (n=3)

Control group

Staphylococcus epidermidis (n=5)
Diphtheroid bacilli (n=1)
Escherichia coli (n=1)

Pseudomonas aeruginosa (n=1)

Staphylococcus epidermidis (n=2)

Yeast (n=2)

Haemophilus influenzae (n=1)

Stenotrophomonas maltophilia (n=1)

Urine Escherichia coli (n=4)

Klebsiella pneumoniae (n=2)

Pseudomonas aeruginosa (n=1)

Yeast (n=1)
Klebsiella pneumoniae (n=2)

Polymicrobial (n=1)

Acinetobacter baumannii (n=1)

Enterobacter species (n=1)

Yeast (n=3)
Wound site

Escherichia coli (n=1)

Staphylococcus epidermidis (n=1)

Yeast (n=1)

Klebsiella pneumoniae (n=1)

Staphylococcus aureus (n=1)

The genistein group had higher CRP values than the control
group at baseline (201.5 mg/L [range: 76-380 mg/L] vs. 131
mg/L [range: 5-251 mg/L]; p=0.019). The CRP values were sig-
nificantly lower at the 24% hour and the 72" hour in the genistein
group compared with baseline measurements (p=0.028) (Table 2).

While the SOFA score decreased significantly in the control group
over time (p=0.005), there was no statistically significant differ-
ence observed in the genistein group (p=0.216).

The number of MV days was significantly greater in the genistein
group (p=0.037), and the genistein group had a higher mortality
rate than the control group (56% vs. 44%) (p=0.028) (Table 1).

Microorganisms grown from cultures taken during ICU follow-up
of patients revealed 46 microorganisms in the genistein group
and 18 microorganisms in the control group. The most common
microorganisms were Staphylococcus epidermidis (n=11, 69%),
Escherichia coli (n=7, 44%), and Klebsiella pneumoniae (n=6,
38%) in the genistein group, and Staphylococcus epidermidis (n=7,
44%) and yeast (n=4, 25%) in the control group (Table 3).

Our results indicated that patients receiving genistein supplemen-
tation had a significantly higher serum IL-18 level during follow-up
and a higher CRP level at baseline than the control group. Com-
pared with the baseline and 24%-hour measurements, the control
group had a significantly lower serum IL-6 value at 72 hours. The
TNF-a concentration was significantly higher and the PCT and
CRP levels were lower in both groups during follow-up. No signif-
icant difference was observed in the serum IL-6, TNF-o, HMGB-1
and PCT levels between the groups.

There is only limited research of genistein use in humans and rats
with sepsis. To our knowledge, there have been no studies that
demonstrated the effect of genistein on inflammation in patients
with sepsis in an ICU. Previous studies have found that genistein
reduced inflammatory parameters in chronic inflammatory dis-
eases such as cancer and cardiovascular diseases (15-19).

TNF-a, IL-1B, and IL-6 are released from monocytes in sepsis.
These cytokines, which contribute significantly to the fight against
local infection, are synthesized in large quantities and cause wide-
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spread endothelial cell damage. In vitro and rat studies have noted
that genistein may decrease macrophage and TNF-a levels in in-
flammatory diseases by inhibiting NF-xB activation (13, 20, 21).
In contrast, in a study on birds injected with Escherichia coli and
given genistein, the TNF-0 and IL-6 levels in the genistein group
increased (22). In our study, inflammatory cytokines, one of the
components of sepsis, were generally higher in the genistein
group during follow-up.

A strong correlation exists between uncontrolled inflammation
and both CRP and PCT. They are considered descriptive bio-
markers that can show the prognosis of sepsis (23, 24). In this
study, the PCT level in the control group decreased more than
that of the genistein group. The CRP level at baseline was higher
in the genistein group and showed a smaller decrease than that
of the control group.

Unlike experimental studies, our results revealed a poorer prog-
nosis for the inflammatory process in the genistein group in com-
parison with the control group. One possible explanation may be
the size of the dose of genistein given to patients. It was previously
reported that the dose we used in our study did not have adverse
effects, and was noted as the optimal dose in another study (25,
26). The optimal dose may be higher in septic patients.

Sepsis is likely to be associated with a poor prognosis in ICU pa-
tients, including morbidity and mortality (3).The baseline SOFA
score of the 2 groups was similar, but while the SOFA score im-
proved in the control group during the follow-up period, there was
no significant change in the genistein group. This raises the ques-
tion that the administration of genistein in the acute phase of sep-
sis may have a negative effect on morbidity. It may be important to
consider the clinical implications.

The need for MV may increase due to endothelial damage caused
by sepsis-associated inflammatory cytokines. The results of this
study indicated that the genistein group had a longer MV dura-
tion than the control group. However, other research of the effect
of genistein on airway inflammation have yielded different results.
Guinea pigs were given intraperitoneal ovalbumin to induce bron-
chospasm and the administration of genistein (15 mg/kg intraper-
itoneal) markedly inhibited ovalbumin-induced acute bronchocon-
striction. Inhibition of the tyrosine kinase signaling pathway, which
has a vital role in the activation of inflammatory cells, produced a
therapeutic result that could potentially be useful (19).

Genistein is known as an immunomodulatory agent that may
reduce morbidity and mortality in inflammatory diseases, cardio-
vascular diseases, and cancer (12, 27). It could be considered an
immunonutrient. Two important studies of immunonutrient sup-
plementation for critically ill patients are the work of Heyland et al.
(28), who reported that the use of anti-inflammatory immunonutri-
ents (glutamine, omega-3 fatty acids, selenium, and antioxidants)
increased mortality in 1223 critical patients (378 patients, 30.9%
diagnosed with sepsis), and the findings of Van Zanten et al. (29),
who found that among 301 critically ill patients (22% diagnosed
with sepsis), mortality was higher among those given immuno-
nutrients (glutamine, omega-3 fatty acid, and antioxidant) orally/
enterally in medical ICUs. Similarly, ICU mortality was higher in
the group that received genistein in our study. The adverse effect
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on inflammatory processes, the morbidity rate, and the greater
frequency of microorganisms in patients receiving genistein were
factors contributing to mortality. This study presents intriguing re-
sults on the use of genistein in patients with sepsis. However, the
research has some limitations to consider. The study sample was
a small group from a single medical ICU. In addition, genistein
supplementation was administered to our study subjects for a short
period of time. Additional research could prove valuable.

Genistein has been evaluated for a protective role in many diseas-
es and disorders, and it continues to be a compound of interest
that may still have benefits yet to be evaluated and understood.
This research revealed new information that genistein supple-
mentation for sepsis patients in the acute period may harm the
inflammation process and worsen the prognosis. However, addi-
tional research to fully identify the mechanism may provide valu-
able new information.

The Erciyes University Clinical Research
Ethics Committee granted approval for this study (date: 23.05.2014, num-
ber: 2014/341).

Written informed consent was obtained from patients
who participated in this study.
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