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Abstract. BP-C3 is a formulation, which comprises
lignin-derived polyphenolic composition of benzenepolycar-
boxylic acids (BP-Cx-1) with iron complex, selenium, ascorbic
acid and retinol, and possesses geroprotective activity. The
present study examined the effect of BP-C3 (80 mg/kg,
administered 18 times in total by gavage) on the development
of haematological and intestinal manifestations of toxicity
following 5-fluorouracil (5-FU; 150 mg/kg, administered
once via intravenous injection) administration in outbred
male Swiss-H Rappolovo (SHR) mice. The use of BP-C3 on
therapeutic and preventative/therapeutic schedules demon-
strated that it was protective against the toxic effect of 5-FU
exerted on the lymphopoietic organs. Administering BP-C3
24 h after 5-FU (therapeutic schedule) had an effect on the
recovery of leukopoiesis and prevented anaemia in the mice.
In the mice that received 5-FU and 5-FU with BP-C3 prior to
and following administration of the chemotherapeutic agent
(preventative/therapeutic schedule), mild anaemia developed
by day 7. Administration of BP-C3 without 5-FU did not
affect blood cell differentiation in the mice. Thus, BP-C3,
depending on the administration schedule, had different
effects on the haematological parameters of haematopoietic
organs and peripheral blood in mice exposed to 5-FU. BP-C3
promoted intestinal crypt survival when administered on the
preventative/therapeutic and therapeutic schedules, suggesting
that the formulation protects the epithelium of the small
intestine against damage by 5-FU.
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Introduction

Anti-tumour chemotherapy using 5-fluorouracil (5-FU) and
other cytostatics is often complicated by various disorders.
Cellular damage caused by 5-FU is related to its intracellular
transformation into 5-FU deoxynucleotide, which incorpo-
rates into RNA and interferes with RNA processing, and also
inhibits thymidylate synthase enzyme, thereby affecting DNA
synthesis and repair (1). 5-FU is effective against cancer of
the digestive system (esophageal, stomach, intestinal, colon,
pancreatic and liver cancer) and breast cancer (2). The toxicity
of 5-FU is primarily associated with its effect on rapidly
renewing tissues (those with high cellular turnover); the major
dose-limiting factors are myelosuppression and damage to the
gastrointestinal mucosa (3). Generation of reactive oxygen
species (ROS) is the leading mechanism of the synergistic
effect of polychemotherapeutic schemes incorporating 5-FU,
causing disturbance of antioxidant enzymes (4), and is also one
of the leading aspects in the development of mucositis (5).

An important aim of adjunct treatment in oncology patients
is decreasing chemotherapy toxicity, since side effects lead to
increased intervals between chemotherapy cycles or require
dose reduction, and these changes have a negative effect on
treatment results (6). The options for treating such disorders
remain limited (7,8). Ideally, medications used to correct toxic
effects should not have side effects themselves, nor should they
increase or decrease treatment effectiveness. Natural plant
polyphenols are promising in this regard; they protect healthy
tissues, in particular decreasing production of intracellular
ROS, but do not diminish the effect of chemotherapies (9).
Notably, not only low-molecular weight polyphenols exhibit
antioxidant efficacy, but polymeric polyphenolic compositions,
such as lignin derivatives, exert it too (10).

The present study examined the effect of BP-C3 on the
development of haematological and intestinal manifestations
of toxicity caused by the administration of high doses of 5-FU
to mice. BP-C3 is a product, which comprises lignin-derived
polyphenolic composition of benzenepolycarboxylic acids
(BP-Cx-1) with iron complex, selenium, ascorbic acid and
retinol. BP-Cx-1, produced through high-temperature alka-
line hydrolysis of lignin conducted in the presence of air
oxygen with subsequent isolation and purification (11), is
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used for preparation of medicinal products. Antineoplastic
platinum-containing investigational medicinal product,
BP-Cl1, is used in clinical trials in patients with metastatic
breast cancer (12). Investigational medicinal product, BP-C2,
a composition of BP-Cx-1 with ammonium molybdate,
inhibits radiation-induced skin damage in mice (13) and
improves quality of life of patients with cancer treated with
5-FU-containing regimens (14). BP-C3, used in the present
study, was previously demonstrated to exhibit geroprotective
activity (15).

Materials and methods

Animals. A total of 105 outbred 2-month-old male
Swiss-H-derived Rappolovo albino (SHR) mice were
purchased from the Rappolovo Animal Facility (Rappolovo,
Russia). The weight of animals at the commencement of the
study was 31.0+2.2 g. Animals were maintained in a 12-h
light/dark cycle at 21+2°C with 20-50% average humidity and
with ad libitum access to laboratory feed (Laborotorkorm Ltd.,
Moscow, Russia) and tap water. Study protocols were approved
by the Local Ethics Committee of the N.N. Petrov National
Medical Research Center of Oncology, previously known as
N.N. Petrov Research Institute of Oncology (protocol no. 1
dated 13/02/2014; Saint-Petersburg, Russia). At the end of the
study, the experimental animals were euthanized by trained
personnel using CO, inhalation.

Preparations. BP-C3 is a composition developed jointly by
the N.N. Petrov Research Institute of Oncology and Nobel
Ltd. (Saint-Petersburg, Russia) (16). BP-C3 is comprised of
polyphenolic composition BP-Cx-1 (RD Innovation ApS,
Copenhagen, Denmark), iron complex, selenium, ascorbic acid
and retinol. BP-C3 composition was supplied by Nobel Ltd., as
a 0.5% aqueous solution. 5-FU Ebewe (Sandoz International
GmbH, Holzkirchen, Germany) concentrate for solution for
infusions (50 mg/ml; batch no. EW4102) was used.

Experimental design. A total of 105 male SHR mice were
randomly subdivided into five groups (n=21/group). The
mice in group 1, the control group, were given tap water by
gavage as a placebo. The mice in groups 2, 3 and 4 were given
a single intravenous injection of 5-FU (150 mg/kg), while
the mice in groups 1 and 5 were injected with 0.9% saline
solution on day 0). In addition, the mice in groups 3, 4, and 5
were gavaged with BP-C3 (80 mg/kg) daily except for day O
(a total of 18 times). BP-C3 was administered on the preven-
tative/therapeutic schedule in group 3, starting 7 days before
the administration of 5-FU (day-7) and continuing through to
day 11, whereas in group 4 BP-C3 was given on the therapeutic
schedule, starting on day 1 and continuing through to day 18
of the experiment.

The 5-FU dose level selected for the study is known to
induce anemia in mice (17) and corresponds to dose levels that
patients with cancer are exposed to; for example 500 mg/m? in
CAF regimen [cyclophosphamide, doxorubicin hydrochloride
(Adriamycin) and 5-FU], which corresponds to 165 mg/kg dose
in mice. The selected dose level was <200 mg/kg, which is the
maximum tolerated single dose used in tumour-bearing mice (18).
Animals were observed once daily, including weekends.
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Blood count and bone marrow nucleated cell (BMNC) assay.
Blood counts were examined in samples collected on day 0
before 5-FU administration and on days 4, 7, 11, 17 and 20.
Blood samples (20-40 pl) were taken from the tip of the tail
and collected in test tubes (MiniCollect®; Greiner Bio-One
International GmbH, Kremsmiinster, Austria) containing
K,EDTA. Clinical blood analysis was performed on a Mindray
BC-2800Vet Hematology Analyzer (Shenzhen Mindray
Bio-Medical Electronics Co., Ltd, Shenzhen, China). On
days 4, 11, and 20, 5 mice from each group were euthanized,
and the cellular composition of the bone marrow was quanti-
tatively analysed in a bone marrow cell suspension prepared
by mixing of 0.02 ml bone marrow aspirate with 0.4 ml of
a 3% acetic acid solution. BMNCs were counted using a
haemocytometer (19).

Pathomorphology studies. In mice euthanized on day 4,
the morphology of crypts in the small intestine was evalu-
ated. At autopsy, the jejunum was taken and fixed in 10%
buffered formalin at room temperature for 48 h. Following
fixation, 10 rings of 4-5 mm in height were dissected from
each lymphoid-free intestinal sample. After routine histo-
logical processing, histological sections 4-ym thick were
prepared and stained with Mayer's haematoxylin (8 min at
room temperature) with subsequent differentiation and bluing
and with eosin (30 sec at room temperature), dehydrated and
mounted with xylene-based mounting medium. The survival
of intestinal crypts was evaluated as described by Withers and
Elkind (20), by counting the number of crypts (no fewer than 10
cells with basophilic nuclei lying next to each other) in at least
six transverse cuts using a light microscope (Nikon Eclipse
Ni-U, Nikon Corporation, Tokyo, Japan) at a magnification of
x400 with NIS-Elements Br software (version 4.30.00; Nikon
Corporation).

To evaluate the organ-specific toxic effect of 5-FU, the
organ/body weight ratios of the spleen, thymus, heart, liver
and kidneys were determined in animals euthanized on days
4, 11 and 20. At the autopsy the organs were dissected free of
adhering tissue and weighed using Sartorius Research R 160 P
(Sartorius AG, Gottingen, Germany). Organ/body weight (mg)
ratio was multiplied by 10 and the mean absolute organ: Body
weight ratios were calculated and compared.

Statistical analysis. Data were presented as the mean + stan-
dard error of the mean. SPSS (version 16.0; SPSS Inc., Chicago,
IL, USA) was used to evaluate the data. Results were assessed
by a two-way analysis of variance and Tukey's multiple
comparisons test for 3-4 repeated measurements. P<0.05 was
considered to indicate a statistically significant difference.

Results

Survival of animals exposed to 5-FU. Evaluating survival
was not within the scope of the study; however, there was
some mortality observed among the mice, indicating that
5-FU had a toxic effect (Table I). On day 7, 6 experimental
animals succumbed in group 2 (the group receiving 5-FU
alone). The mortality in group 2 was significantly greater than
that observed in the control group (29% in group 2 vs. 0%
in the control group; P<0.05; Table I). The maximum weight
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Table I. Animal dropout rate during the experiment.

Experiment day

Group 4 11 20  Dropout, %
1. Control 0(5) 0(5 01 0
2.5-FU 0(5) 6°(5) 0(5 29¢
3.BP-C3 +5-FU + BP-C3 0(5) 1*(5) 5" (5) 29¢
4.5-FU + BP-C3 0(5) 1°(5) 0(10) 5¢
5.BP-C3 05 0(5 01 0

Data are presented as number of dropouts (number euthanized
according to protocol; n=21). *“Mortality occurred despite no clinical
endpoints being observed at prior inspection; 2 mice experienced
mortality and 3 animals in a recumbent state were euthanized. °P<0.05
vs. control group (Fisher's exact test). ‘P=0.093 vs. 5-FU group
(Fisher's exact test). 5-FU, 5-fluorouracil; BP-C3, lignin-derived
polyphenolic composition of benzenepolycarboxylic acids, iron
complex, selenium, ascorbic acid and retinol.

loss of the 6 animals that succumbed in group 2 was 3-16%.
Due to this, on the same day the remaining mice were weighed
and a daily weighing of animals with body weight loss >15%
(6 animals in total) was introduced in the protocol. In group 3,
2 mice with 20% and 1 with 12% body weight loss found
recumbent were euthanized. Additionally, 3 mice with a body
weight loss of 17-20% and absent of clinical manifestations at
the previous observation succumbed. In the group with preven-
tative/therapeutic use of BP-C3 (group 3), the total dropout
rate was also 29%; dropouts in group 3 occurred 1-11 days
later than those in group 2. The mortality in the group with
therapeutic BP-C3 regimen (commenced 24 h after 5-FU
administration; group 4) was decreased to 5% (1 mouse with
17% weight loss died at day 8; P=0.093 vs. group 2; Table I).
Enteritis was identified as the primary macroscopic change in
all dropout animals. Adverse events may develop rapidly in
mice; therefore, more frequent inspection (i.e., twice-daily) of
animals receiving 5-FU at doses starting at 150 mg/kg will be
introduced in future protocols.

Dynamics of body weight of the animals. The toxic effect of
5-FU was manifested by the decreased body weight of the
animals (average loss of 7% as of day 4). There was no signifi-
cant difference in mean body weight of animals treated with
5-FU alone, and animals treated with a combination of 5-FU
and BP-C3 (Table II). Body weight loss is a general sign of
toxicity and is commonly ~10% in animal studies evaluating
cytostatic agents such as 5-FU (21). The maximum body weight
loss registered in individual mice on day 4 was -16, -11 and
-10% of the initial body weight in the 5-FU (group 2), BP-C3 +
5-FU + BP-C3 (group 3) and 5-FU + BP-C3 (group 4) groups,
respectively. The average body weight loss was transient and
by day 11 no statistically significant differences between the
experimental groups were present.

Organ/body weight ratios of the animals. To evaluate the
organ-specific toxic effect of 5-FU, the organ/body weight
ratios of the spleen, thymus, heart, liver and kidneys were
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determined (Table III). The spleen and thymus were the main
organs that exhibited a toxic effect in response to 5-FU. The
toxic effect was demonstrated by the significant decrease of
the organ/body weight ratios of these organs on day 4 post
5-FU administration compared with those observed in the
control group (P<0.05). The use of BP-C3 in the therapeutic
(group 4) and preventative/therapeutic (group 3) schedules
was protective against the toxic effect that 5-FU exerted on
the lymphopoietic organs.

Notably, by day 20 there was a significant increase in
spleen weight in all groups that received 5-FU compared
with that observed in the control group (P<0.05; Table IITA).
Administration of BP-C3 affected this process. By day 11 the
spleen/body weight ratio in animals treated with BP-C3 on the
therapeutic schedule (24 h after exposure to 5-FU) was greater
than that in the animals that received BP-C3 on the preventa-
tive/therapeutic schedule. On day 20, the spleen/body weight
ratio was reached the values observed in all groups where
5-FU was administered.

BP-C3 effects on 5-FU-induced hematological toxicity. The
modification of the myelotoxic effect of 5-FU by co-adminis-
tration of BP-C3 was evaluated (Fig. 1). The use of BP-C3 did
not improve the 5-FU-induced suppression of bone marrow
haematopoiesis that was observed on day 4. However, during
the time that the BMNC count was recovering, there were
differences in the effects of BP-C3 used on the therapeutic and
preventative/therapeutic schedules. On day 11, significantly
fewer bone marrow nucleated cells were observed in group 4
compared with group 2 (P<0.05) and group 3 (P<0.01).
However, on day 20 the BMNC count in group 4 was signifi-
cantly greater compared with group 2 (P<0.05) and group 3
(P<0.01).

When blood counts were analysed, the following changes
were noted (Table IV): Mice in groups 2, 3 and 4, which all
received 5-FU, exhibited pronounced leukopenia on days 4
and 7, which changed to leukocytosis in groups 2 and 3 by
days 14-17; however, this phenomenon was not reproduced
in group 4. The changes in the populations of lymphocytes,
granulocytes and monocytes were similar.

The lymphocyte count on day 4 in group 2 was 55% lower
than that of the control group (P<0.05; Table IVA). By day 7,
the lymphocyte count in group 2 returned to a normal level.
Although the lymphocyte count in group 2 was 38% lower
compared with the control group on day 7, no significant
difference was identified. On day 14, the lymphocyte count
in group 2 was significantly increased by 228% (P<0.05)
compared with the control group, followed by a decrease to the
normal level by day 20. The lymphocyte count in group 3 was
reduced by 53% on day 4 and by 70% on day 7 compared with
the control group at the respective time points (both P<0.05),
and thus this reduction lasted longer than that of group 2. On
day 14 and 17 the lymphocyte count in group 3 increased
significantly by 148 and 167%, respectively (P<0.05 vs. the
control group). In group 4, the lymphocyte count decreased by
60% on day 4 and by 69% on day 7 (both P<0.05 vs. control
group).

Contrary to groups 2 and 3, no increase in lymphocyte
count was observed in group 4 at later time points (between
day 14 and 20). In groups 2, 3 and 4, the granulocyte count
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Table II. Body weight of mice exposed to 5-FU with or without BP-C3.

Body weight in each group, g

Experiment day 1. Control 2.5-FU 3.BP-C3 + 5-FU + BP-C3 4.5-FU + BP-C3 5.BP-C3

0 31.6620.49 32.45+0.38 3201048 31.89+0.34 32.27+0.46
4 32.340.65 30.140.63% 30.39+0.47° 30.1320.43 32.600.54
11 32.07+0.56 32.62+0.50 31.15+0.63 32.1120.61 32.55+0.53
20 32.6240.55 33.76+0.61 32.61+0.68 33.26%0.2 32.83+0 45

1P<0.05 vs. control group on the same day; "P<0.05 vs. BP-C3 group on the same day. Values are presented as the mean + standard error of
the mean. Data were analysed by a two-way analysis of variance. 5-FU, 5-fluorouracil; BP-C3, lignin-derived polyphenolic composition of
benzenepolycarboxylic acids, iron complex, selenium, ascorbic acid and retinol.

(Table IVB) decreased by ~80% on day 4 (P<0.05 vs. the control
group). The decrease in the granulocyte count of ~90% was
most pronounced in groups 2, 3 and 4 on day 7 (P<0.05 vs. the
control group). Differences between the groups 2, 3 and 4 were
not statistically significant on day 7. At later time points, the
granulocyte count significantly increased in group 2 by day 17
(P<0.05 vs. the control group), and in group 3 by day 14 and 17
(all P<0.05 vs. the control group). In group 4, no increase of the
granulocyte count was observed on day 14 and 17 compared
with the control group at the same time points.

The monocyte count significantly decreased on day 4
and 11 after 5-FU exposure in groups 2, 3 and 4 (all P<0.05 vs.
the control group; Table IVC). At later time points, the mono-
cyte count increased significantly on day 14 and 17 in group 2,
and days 14-20 in group 3 (P<0.05 vs. the control group). In
group 4, a significant increase in the monocyte count was
observed only on day 14 (P<0.05 vs. the control group) and was
normalised by day 17. In group 4, the recovery of leukopoi-
esis without a pronounced stage of enhanced haematological
response can be attributed to the anti-inflammatory effect of
BP-C3, likely due to a shorter pro-inflammatory response of
monocytes. Administration of BP-C3 without 5-FU did not
have a significant effect on white blood cell differentiation in
the mice.

Mild anaemia developed in the mice in group 2 between
day 7 and 11, and in group 3 between day 11 and 14 as the red
blood cell count significantly decreased at those time points in
the aforementioned groups (all P<0.05 vs. the control group;
Table IVD). BP-C3 was administered 24 h after 5-FU to mice
in group 4, which prevented the development of anaemia in the
mice. Thus, BP-C3, depending on the administration schedule,
has different effects on the haematological parameters of the
haematopoietic organs and the peripheral blood.

BP-C3 effects on 5-FU-induced intestinal toxicity. As one of the
primary manifestations of the toxic effect of 5-FU is enteritis,
the number of surviving intestinal crypts following exposure
to 5-FU was evaluated. Histological examination of samples,
collected on day 4 from all mice treated with 5-FU, identified
the death of crypts, shortening or loss of the villi and a chronic
inflammatory response in the intestinal mucosa. The counts of
the surviving crypts are demonstrated in Fig. 2. The number
of crypts per intestinal cross-section decreased significantly
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Figure 1. Changes in the bone marrow nucleated cell count in Swiss-H-derived
Rappolovo albino mice exposed to 150 mg/kg 5-FU. Values are presented
as the mean = standard error of the mean. "P<0.05 and ““P<0.001 vs. the
control group; #P<0.01 vs. the BP-C3 + 5-FU + BP-C3 group; "P<0.05 and
“P<0.001 vs. the 5-FU group. 5-FU, 5-fluorouracil; BP-C3, lignin-derived
polyphenolic composition of benzenepolycarboxylic acids, iron complex,
selenium, ascorbic acid and retinol.

in group 2 (P<0.01 vs. the control group). By contrast, BP-C3
promoted intestinal crypt survival when administered on either
the preventative/therapeutic (group 3; P<0.05 vs. group 2) or
the therapeutic (group 4; P<0.01 vs. group 2) schedule. BP-C3
treatment alone (group 5) did not affect number of surviving
intestinal crypts. In summary, BP-C3 protects the epithelium of
the small intestine against damage induced by 5-FU.

Discussion

Substances of plant origin, polyphenols in particular, are
promising chemotherapy adjuncts for several reasons. First,
they have low toxicity and cause essentially no side effects,
as opposed to the synthetic drugs that are currently used in
clinical practice to decrease chemotherapy side effects (22).
Second, various compounds in this chemical group have
been demonstrated to have their own anti-tumour activity.
Polyphenol compounds slow the growth of various cancer
cell lines and also inhibit carcinogenesis in vivo (23-25).
Various plant agents, including genistein, curcumin, epigal-
locatechin gallate, resveratrol and proanthocyanidin, are able
to potentiate the effectiveness of traditional chemotherapeutic
drugs (22).
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Table III. The effect of BP-C3 on 5-FU-induced changes in organ/body weight ratios.

A, Spleen

Organ/body weight ratio on each experiment day, mg/10 g
Group 4 11 20
1. Control 36.39+£3.01 38.43+2.83 37.11£5.41
2.5-FU 16.57+1.55* 45.10+6.66" 88.96+5.02%¢
3.BP-C3 + 5-FU + BP-C3 23.89+2.67 54.95+10.31¢ 95.02+2.77¢
4.5-FU + BP-C3 36.31+2.00 92.92+9.81%¢ 80.80+£5.21%¢
5.BP-C3 35.86+5.10 30.75+0.65 35.38+1.78
B, Thymus

Organ/body weight ratio on each experiment day, mg/10 g
Group 4 11 20
1. Control 22.26+2.79 22.21+1.45 20.60+0.65
2.5-FU 14.01£1.10°* 18.44+2.39 20.39+1.61
3.BP-C3 + 5-FU + BP-C3 18.90+3.76 21.02+1.47 21.16+2.25
4.5-FU + BP-C3 16.21£1.06 15.88+1.23 17.16+1.21
5.BP-C3 19.51+2.63 22.62+1.53 20.98+1.03
C, Heart

Organ/body weight ratio on each experiment day, mg/10 g
Group 4 11 20
1. Control 66.23+8.99 66.13+6.66 64.64+3.85
2.5-FU 63.10+4.28 52.64+2.57 56.23+1.37
3.BP-C3 + 5-FU + BP-C3 56.90+3.59 64.93+9.11 57.87+2.17
4.5-FU + BP-C3 55.12+2.57 64.24+5 31 55.82+2.73
5.BP-C3 66.88+6.60 60.73+4.05 60.58+2.61
D, Liver

Organ/body weight ratio on each experiment day, mg/10 g
Group 4 11 20
1. Control 594.38+54.71 605.24+46.98 541.53+19.14
2.5-FU 475.70+13.77 472.04+26.63 509.56+26.22
3.BP-C3 + 5-FU + BP-C3 595.79+24.40 545.28+40.06 576.07+30.38
4.5-FU + BP-C3 540.68+39.11 590.89+48.13 511.19+£33.71
5.BP-C3 600.78+69.93 541.90+31.40 552.30+35.96
E, Kidney (left)

Organ/body weight ratio on each experiment day, mg/10 g

Group 4 11 20
1. Control 83.14+7.72 89.56+8.51 77.716+3.74
2.5-FU 88.18+8.92 80.58+6.00 69.26+6.07
3.BP-C3 + 5-FU + BP-C3 79.40+£3.36 86.12+2.71 71.84+3.79
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E, Kidney (left)

Organ/body weight ratio on each experiment day, mg/10 g

Group 4 11 20
4.5-FU + BP-C3 75.43+5.35 70.95+3.74 67.10£2.97
5.BP-C3 79.40+3.36 86.12+2.71 71.84+3.79

1P<0.05 vs. control group on the same day; "°P<0.05 vs. 5-FU + BP-C3 group on the same day; °P<0.05 vs. BP-C3 group on the same day. Values
are presented as the mean + standard error of the mean. Data were analysed by a two-way analysis of variance. 5-FU, 5-fluorouracil; BP-C3,
lignin-derived polyphenolic composition of benzenepolycarboxylic acids, iron complex, selenium, ascorbic acid and retinol.
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Figure 2. Number of SICs in the small intestine of the mice on day 4 post
5-FU administration. Values are presented as mean + standard error of the
mean. “P<0.01 vs. the control; “P<0.05 and *P<0.01 vs. 5-FU. SIC, surviving
intestinal crypts; 5-FU, 5-fluorouracil; BP-C3, lignin-derived polyphenolic
composition of benzenepolycarboxylic acids, iron complex, selenium,
ascorbic acid and retinol.

In the cell, polyphenols bind to numerous targets,
neutralise free radicals and affect numerous signalling path-
ways, including the epigenetic regulation of gene expression
and mitochondrial function (26). Oxidative stress is one of
the mechanisms of action of various anti-tumour substances;
therefore, the effectiveness of chemotherapy may be modu-
lated by substances with antioxidant properties. Some of
the most common exogenous antioxidants are polyphenolic
compounds, which protect us from developing cardiovas-
cular diseases, diabetes, cancer and infectious diseases (27).
Antioxidants may protect normal tissue without affecting the
effectiveness of anti-tumour chemotherapeutic drugs (28,29).
Paradoxically, polyphenols exert an antioxidant effect
on healthy cells, while in cancer cells they increase free
radicals, causing cellular aging, cell cycle arrest and apop-
tosis (30). In the presence of copper ions, of which there are
more in cancer cells than in normal cells (31), at least some
polyphenols (luteolin, apigenin, epigallocatechin-3-gallate
and resveratrol) act as pro-oxidants. The anti-tumour effect
of these polyphenols decreases significantly in the presence
of copper chelators (32).

Polyphenols reduce toxic effects on normal tissues,
thus quercetin protects normal renal tubular cells from

drug toxicity and attenuates drug-induced nausea and
vomiting (22). Traditional Japanese medicines have been
demonstrated to protect intestinal epithelium during 5-FU
use (33). Besides their direct antioxidant effect, vegetable and
fruit flavonoids are able to increase the activity of detoxifying
enzymes (34).

Notably, various investigational drugs are traditional
medicines, also known as multi-component mixtures,
and their various constituents possibly potentiate one
another. For example, experiments in mice exposed to vy
radiation have demonstrated that the mixtures of poly-
phenols of green tea were more protective than the tea's
individual components (35). Although such traditional medi-
cines are effective, lack of sufficient standardisation is their
drawback.

Polyphenol substances exert anti-tumour effects through
other mechanisms as well. Curcumin, a polyphenol of plant
origin,has numerous moleculareffects; in particular, it suppresses
the transcription of nuclear factor-kB, and affects the receptors
of various growth factors and cell adhesion molecules involved
in tumour growth, angiogenesis and metastasis (36). Curcumin
has a radioprotective or radiosensitising effect, depending on the
dose, and these effects are now being actively studied to support
the use of this product as an adjunct therapy for radio and
chemotherapy (37). Thus, preparations that contain various poly-
phenols may be considered as promising adjunct therapies for
oncology patients.

The use of such substances in oncology patients may
improve quality of life and overall survival, particularly
in palliative patients. The results of previous study on
BP-C2, administered from week 2-26 in combination with a
FOLFIRINOX regimen in a patient with inoperable pancreatic
cancer, indicated that during treatment no neutropenia devel-
oped for 18 weeks, and blood biochemistry normalised by
week 25 (14). In a long-term study performed in female SHR
mice, the mean life span increased by ~50 days in animals
treated with BP-C3 compared with the untreated control
group (15). A greater number of tumour-free mice and delayed
age-related switch-off of the oestrus function were observed,
possibly due to immunomodulatory effect of BP-C3 (15).

Thus, the findings from the present study, which
demonstrate the protective effects of BP-C3 on the immune
system and other systems, and intestinal epithelium, are in
line with and complement the results of previous studies
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Table I'V. The effect of BP-C3 on 5-FU-induced changes in white and red blood cell counts.

A, Lymphocytes, 10%/1

Experiment day

Group 0 4 7 11 14 17 20
1. Control 5.99+094 6.18+0.55 8.08+0.76 640099 6.71+0.55 6.77£1.07 5.44+0.65
2.5-FU 5.61£0.65 2.79+0.37** 502+1.17 10.60+1.24 22.02+5.94** 13.54+3.50° 7.72+3.24
3.BP-C3 + 5-FU + BP-C3 5.96+0.69 2.90+0.48 245+049*° 751+1.31 16.63£3.15*° 18.18+3.95** 10.06+0.97
4.5-FU + BP-C3 6.07+0.52 248+0.15*° 2.52+0.38*®° 6.87+198 8.68+1.30  11.64+1.41 5.94+2.27
5.BP-C3 5.61x1.03 5.82+0.75 6.50+0.59 5.70+0.81  5.43%1.47 4.10+0.65 4.03%1.19
B, Granulocytes, 10%/1

Experiment day
Group 0 4 7 11 14 17 20
1. Control 4.8840.37 4.44+0.29 4.71+0.84 397041 4.54+0.60 4.39+0.96 4.20+0.64
2.5-FU 4294035 1.95+0.27** 0.58+0.13** 3.65+0.63 12.04+2.75 16.98+7.93**  8.74+2.09
3.BP-C3 + 5-FU + BP-C3 4.14+0.30 1.46+0.15*® 041+0.09*® 3.84+0.61 21.00+6.93*° 19.54+8.25* 9.34+1.83
4.5-FU + BP-C3 4224059 1.08+0.28%" 0.40+0.06*° 3.68+1.17 7.58+0.85 8.44+1.00 5.44+0.87
5.BP-C3 3.80+0.42 3.32+0.24 3.82+0.65 3.57+0.34 3.73+0.38 2.88+0.51 2.45+0.34
C, Monocytes, 10%/1

Experiment day
Group 0 4 7 11 14 17 20
1. Control 0.58+0.04 0.63+0.08 0.64+0.13 0.52+#0.06 0.51+0.09 0.54+0.12 0.60+0.12
2.5-FU 047+0.04 0.19+0.03** 0.15+0.03** 0.60+0.21 2.26+0.22*° 1.58+0.36*" 0.94+0.22
3.BP-C3 + 5-FU + BP-C3 044+0.04 0.16+£0.03** 0.11+0.03** 0.79+0.11  2.37+0.39* 2.07+0.30*¢ 1.46+0.15%¢
4.5-FU + BP-C3 0.38+0.07 0.12+0.04**  0.1+0.03** 0.74+0.23  1.38+0.17**  0.98+0.26 0.48+0.09
5.BP-C3 0.43+0.06 044+0.04  0.52+0.10 0.43+0.04 0.40+0.04 0.50+0.20 0.25+0.06
D, Red blood cells, 10'%/1

Experiment day
Group 0 4 7 11 14 17 20
1. Control 10.7+0.3 10.4+0.2 10.6+0.3 10.5+0.2 9.9+04 10.0+0.3 9.9+0.2
2.5-FU 11.0+£0.3 10.7+£0.3 8.9+0.5*¢ 8.5+0.5 9.5+0.3 10.2+0.4 10.5+0 4
3.BP-C3 + 5-FU + BP-C3 11.1x0.2 10.7£0.4 9.5+04 8.1+0.2%0 8.4+0.2%0 9.440.1 9.8+0.4
4.5-FU + BP-C3 11.4+0.3 11.4+0.3 10.5£0.4 9.4+0.8 8.8+0.3 9.5+0.2 9.2+0.3
5.BP-C3 10.7+£0.2 10.3x0.2 10.7+0.3 10.7+£0.3 10.5+0.3 10.7+0.3 10.7+0.1

1P<0.05 vs. control group on the same day; "P<0.05 vs. BP-C3 group on the same day; °P<0.05 vs. 5-FU + BP-C3 group on the same day. Values
are presented as the mean + standard error of the mean. Data were analysed by a two-way analysis of variance. 5-FU, 5-fluorouracil; BP-C3,
lignin-derived polyphenolic composition of benzenepolycarboxylic acids, iron complex, selenium, ascorbic acid and retinol.

by our group, though molecular mechanisms underlying
these effects remain to be further elucidated. Future studies
to assess the potential of BP-C3 in combination with

certain chemotherapy agents and regimens will allow the
identification of optimal combinations, doses and dosing
schedules.
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The experimental data of the present study extends current

knowledge on the biological activity of lignin-derived polyphe-
nolic compositions, which are a group of natural compounds.
The extensive therapeutic potential of lignin-derived poly-
phenolic compositions is yet to be explored. The present
study demonstrated the feasibility of using a lignin-derived
polyphenolic composition to diminish the toxic effects of
chemotherapy, in particular, to reduce the haematological and
gastrointestinal adverse effects.
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