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S u m m a r y. In the previous part of the review the authors 
have presented the mechanisms of the anticancer selected 
alkaloids activity. The discovery of these mechanisms 
resulted in the introduction of the disclosed compounds for 
the cancer treatment. In this section the alkaloids use in the 
treatment of the patients with various types of cancer, as well 
as the accompanying side effects are described. The stage of 
running clinical trials, which provides some information on 
the latest treatment options of using the disclosed compounds 
is presented. The chemoprotective and sensitizing activity of 
alkaloids which is described in the article is very important and 
promising. Also, the ability of inhibition tumor metastasis is 
characteristic for these compounds, which is also given to the 
presented part of the article.
K e y  w o r d s: alkaloids, sensitizing activity, antimetastatic 
activity, side effects, chemoprotective activity, clinical trials.

USE OF ALKALOIDS IN TREATMENT

Indicine N-oxide treatment gives responses 
in the cases of colon carcinoma, refractory 
leukemia and acute leukemia [25]. This compound 
is found to be effective in leukemias and other 
types of tumor but dose-dependent toxicity is 
a limiting factor, especially in children tumors. 
Nonetheless, indicine N-oxide was used in 
treating children with malignant solid tumors: 
osteosarcoma, neuroblastoma, brain tumor and 
other miscellaneous tumors. 

As regards clinical usage of noscapine, 
it increases survival in temozolomide-resistant 
gliomas [20], in the cases of leukemia it suppresses 
cell proliferation [43] and it limits tumor growth 
and lymphatic metastasis of PC3 human prostate 
cancer [2]. The cases of non-Hodgkin’s lymphoma, 

chronic lymphocytic leukemia and glioblastoma 
were also examined in clinical trials with noscapine 
[33]. As regards in vitro trials, it has been shown that 
noscapine induces apoptosis in myeloid leukemia 
cells HL60 and K562 cell lines [16, 19, 23].

In combined treatment noscapine showed 
synergistic effects while combined with known 
anticancer drugs. Alkaloid sensitizes leukemia 
cells and myeloma cells to tumor necrosis factor 
and chemotherapeutic agents. It is due to its 
ability to suppress the NF-kB signaling pathway 
[43]. Noscapine in combination with gemcitabine 
gives therapeutically beneficial effects. In non-
small cell lung cancer such treatment decreases 
the cell survival proteins expression, VEGF, 
and microvessel density and enhances DNA 
fragmentation. Also the increase in cleaved caspase 
3 levels is observed [6, 7, 8]. Positive effects are also 
observed with doxorubicin. In triple negative breast 
cancer cell lines MDA-MB-231 and MDA-MB-468 
combined treatment decreases the NF-kB pathway 
proteins expression, VEGF and cell survival. 
They together increased apoptotic expression and 
growth inhibitory proteins [7]. Noscapine is able 
to sensitize chemoresistant ovarian cancer cells to 
cisplatin [19]. Such combination treatment is also 
found to be effective in A549 and H460 lung cancer 
cells, where it results in the highest increase in 
percentage of apoptotic NSCLC cells and increases 
the expression of p53, p21, caspase 3, cleaved 
caspase 3, cleaved PARP and Bax. What is more, 
it decreases the expression of Bcl-2 protein and 
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surviving proteins compared with the treatment 
with either the agent. This treatment decreases 
the proteins expression of pAkt, Akt, cyclin D1, 
survivin, PARP, Bcl-2, and increases the proteins 
expression of p53, p21, Bax, cleaved PARP, caspase 
3, cleaved caspase 3, cleaved caspase 8, caspase 8, 
cleaved caspase 9 and caspase 9 [8].

Noscapine also appears to be a chance 
for patients treated with radiation. The alkaloid 
significantly increases tumor growth delay, causes a 
decrease in BrdU incorporation, increases apoptosis 
in combination with radiation. It also enhances the 
GL261 glioma tumors sensitivity to radiation [34, 
35]. Chemotherapy with noscapine in patients with 
relapsed or refractory multiple myeloma is assessed 
by the National Cancer Institute [32].

Vinblastine is a compound used in 
chemotherapy courses composed, for example, 
of doxorubicin hydrochloride, bleomycin sulfate 
and dacarbazine followed by involved- nodal 
radiotherapy. The compound is used beside 
dacarbazine and beside adriamycin in people with 
Hodgkin’s lymphoma and is also included in the 
PVAG- prednisone, vinblastine, doxorubicin and 
gemcitabine course [32].

It has been proved that prednisone, 
vinblastine, doxorubicin and gemcitabine are 
safe and feasible in elderly HL patients [4]. 
Temsirolimus/vinblastine combination induced a 
significant and sustained antitumor activity, with 
an effective reduction in tumor vessel density in 
both Huh7 and Hep3B xenograft models by the 
downregulation of several key anti-apoptotic/
survival proteins (survivin, Bcl-2, and Mcl-1) [52]. 
A promising role of gryzeofulvin in breast cancer 
combination chemotherapy was described [37].

Vincristine is a chemotherapeutic drug 
possessing probably the most of all usages and 
combined with many drugs during courses. It is still 
very intensively examined in many clinical trails.

Vincristine is contained in standard 
chemotherapy composed of vincristine, 
dactinomycin and ifosfamide in tumors of 
Ewing’s family. Vincristine is a component of 
adjuvant chemotherapy in early stage follicular 
lymphoma. The combined treatment efficacy was 
evaluated in patients with untreated mantle cell 
lymphoma, where vincristine is combined with 
cyclophosphamide, doxorubicin and prednisone. 
Vincristine is a compound evaluated in NCI 
immunochemotherapy comprising rituximab, 
cyclophosphamide, doxorubicin hydrochloride and 
vincristine in patients with previously untreated, 

low-risk, aggressive B-cell non-Hodgkin’s 
lymphoma. The study is run with patients with 
histologically confirmed aggressive B-cell non-
Hodgkin’s lymphoma, including the following 
subtypes: grade 3 follicular lymphoma, diffuse 
B-cell lymphoma, including diffuse large cell 
lymphoma with any of the following variants: 
centroblastic, immunoblastic, plasmablastic, 
anaplastic large cell, T-cell-rich B-cell lymphoma; 
primary effusion lymphoma, intravascular B-cell 
lymphoma, primary mediastinal B-cell lymphoma, 
Burkitt’s or Burkitt-like lymphoma, mantle cell 
lymphoma (blastoid) and aggressive marginal 
zone lymphoma (monocytoid). Wilms’ tumor, 
rhabdomyosarcoma, acute lymphoblastic leukemia, 
or non-Hodgkin’s lymphoma are examined in 
young patients [32].

The next combination examined is 
chemotherapy comprising vincristine, etoposide, 
cyclophosphamide, and cisplatin with or without 
high dose methotrexate and leucovorin calcium 
followed by consolidation chemotherapy 
comprising carboplatin and thiotepa and peripheral 
blood stem cell rescue assessed in pediatric 
patients with newly diagnosed supratentorial 
primitive neuroectodermal tumors or high-risk 
medulloblastoma [32]. 

Vincristine is used in the treatment of 
patients with poorly differentiated neuroendocrine 
carcinomas representing highly malignant tumors 
with an immense tendency to metastasize and with a 
poor prognosis. The treatment consists of palliative 
chemotherapy and corresponds to the treatment of 
extensive stage small cell lung cancer. The therapy 
with vincristine combined with carboplatin and 
etoposide has also been evaluated [36].

Vincristine as a component of chemotherapy 
composed of etoposide, prednisone, vincristine, 
cyclophosphamide and doxorubicin for recurring 
and refractory extranodal natural killer/T-cell 
(NK/T) lymphoma, resistant to cyclophosphamide, 
doxorubicin, vincristine and prednisone therapy 
gave promising outcomes [18].

At a mean of 11 years, 4% of children with 
germline retinoblastoma treated with carboplatin, 
vincristine and etoposide as frontline therapy 
developed second malignant neoplasms. No 
second malignant neoplasms were found in non-
germline patients [45]. The combination of VE-
465 and vincristine increased the levels of cleaved 
caspase 3, cleaved caspase 7, cleaved caspase 9, 
cleaved PARP and Phospho-Chk2, suggesting that 
the combination caused Chk2-mediated activation 
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of the G2/M checkpoint, resulting in sequential 
apoptosis induction. The combination markedly 
decreased the Phospho-ERK1/2 level, suggesting 
that the combination alters a cellular signaling 
pathways network in the myeloid leukemia cells 
[49]. It has been established that the vincristine 
chemotherapeutic activity is potentiated by crocetin 
[51]. 

Vincristine is a component of chemotherapy 
for the high-risk gestational trophoblastic 
neoplasia treatment. This therapy was found to 
be highly effective for the management of high-
risk gestational trophoblastic neoplasia, and the 
toxicities were minimal. The reproductive outcome 
after the treatment was excellent [11].

A combination of clodronate with vincristine 
has been examined and was found to elicit synergistic 
killing associated with a significant increase in the 
cell cycle arrest of canine malignant histiocytosis- 
an aggressive neoplasm of macrophages and 
dendritic cells, which gives a chance in gliomas 
treatment [15]. It is used parenterally in acute 
leukemias in children [39].

L-asparaginase, vincristine and prednisone 
combined with radiotherapy are the safe and 
effective treatment for localized nasal natural 
killer/T-cell lymphoma [21]. 

Colchicine used in the binary combinations 
of the platinum compounds: cisplatin, oxaliplatin 
, YH12 and TH, with colchicine applied to A2780 
and A2780(cisR) ovarian cancer cell lines shows 
sequence- and concentration-dependent synergism 
[50]. Also, benomyl and colchicine synergistically 
inhibited the HeLa cells proliferation and blocked 
their cell cycle progression at mitosis; benomyl 
and colchicine bind to tubulin at different sites 
so that the colchicine binding seems to positively 
influence the binding of benomyl to tubulin and 
vice versa [9]. 

Quinine does not improve the survival of 
adult patients with de novo acute myeloblastic 
leukemia, even though it improves the complete 
response rate in a small subgroup of patients 
defined by rhodamine 123 efflux. In combined 
chemotherapy with cyclophosphamide, vincristine, 
doxorubicin, dexamethasone quinine does not 
appear to be a promising therapy with respect 
to improved response or OS in intermediate- 
and high-grade advanced-stage non-Hodgkin’s 
lymphoma [29, 32]. There has been also reported 
the efficacy of using quinine in combination with 
cyclophosphamide, vincristine, adriamycin, and 

dexamethasone (CVAD) chemotherapy in the 
treatment of advanced breast cancer [44].

SENSITIZING ACTIVITY

The rate of adriamycin and dexamethasone 
sensitization by verapamil and quinine has 
been assessed as 19% [44]. Quinine induces an 
accelerated distribution of epirubicin from the 
blood into the tissue [12]. It is used with verapamil 
in patients with intermediate- and high-grade non-
Hodgkin’s lymphoma as a second chemosensitizing 
agent [32]

MULTIDRUG RESISTANCE

An important fact concerning vinblastine 
treatment courses is that it is downregulated with 
cobalamine as regards mdr-1 gene expression, 
as well as Pgp expression and function, and 
cobalamine significantly increases cytotoxicity of 
vinblastine [1, 28, 46].

Colchicine is not effective in cases of 
multidrug resistance. A combined effect of 
P-glycoprotein and multidrug resistance-associated 
protein 2 dominated colchicine transepithelial 
transport, leading to the complete coverage of the 
entire small intestine, and made the efflux transport 
dominate the intestinal permeability process in 
breast cancer cells [13]. 

Quinine seems to be the greatest hope for 
MDR cases. This agent inhibits the drug efflux pump 
P-glycoprotein which is overexpressed in multidrug 
resistant tumors and may improve the efficacy of 
some antineoplastic agents [32]. It is a reversal 
agent and inhibitor of the multidrug resistance 
pump [48]. When malignant cells occur to be 
positive for P-glycoprotein, quinine is administered 
orally and added to chemotherapy. Quinine given 
with mitoxantrone increased the complete response 
rate and survival in P-glycoprotein positive 
myelodysplastic syndromes cases treated with 
intensive chemotherapy in patients with high risk 
myelodysplastic syndromes. Quinine had no effect 
on the response rate and survival of P-glycoprotein 
negative myelodysplastic syndromes [47]. Sera 
from quinine-treated patients with relapsed or 
refractory acute myeloblastic leukemia, relapsed 
or refractory acute lymphoblastic leukemia, 
secondary acute leukemia or blastic transformation 
of myelodysplastic syndrome or myeloproliferative 
syndrome showed increased mitoxantrone uptake 
in multidrug resistance -positive cell lines [40]. 
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Quinine had a weak effect on doxorubicin 
accumulation in human erythroleukemia cell 
line K562 but was able to completely restore 
doxorubicin sensitivity in these resistant cells. 
Quinine was not able to decrease azidopine binding 
to P-glycoprotein, it had essentially intracellular 
targets involved in drug redistribution from 
sequestration compartments. This alkaloid modified 
the intracellular tolerance to doxorubicin, which 
suggested its ability to modify drug distribution 
within the cells. It acted principally on doxorubicin 
redistribution within the cells, allowing the drug 
to reach its nuclear targets [3]. It was suggested 
that the quinine oxidized metabolite was a more 
potent inhibitor of the multidrug resistance pump 
than was the parent compound. In CEM/VLB100 
cells treated with rhodamine 123, quinine-10,11-
epoxide was approximately 8- fold more potent than 
quinine [48]. Quinine induced a dose-dependent 
increase in doxorubicin uptake in the multidrug 
resistant human leukemic K562/ADM cell line 
while it had a slight effect on mitoxantrone and no 
effect on vincristine uptake [14]. It was determined 
in NCI that quinine exerted a chemosensitizing 
effect on paclitaxel in paclitaxel-resistant patients 
with non-Hodgkin’s lymphoma. NCI evaluated 
VAD-P- vincristine, doxorubicin, dexamethasone, 
prednisone chemotherapy with quinine as a drug 
resistance reversal agent in previously untreated 
multiple myeloma. The ability of quinine as a 
P-glycoprotein binding agent to reverse multidrug 
resistance in AIDS-related and HTLV-I-related 
non-Hodgkin’s lymphoma was also assessed [32]. 
Quinine did not increase nuclear anthracycline 
uptake in multidrug-resistant Chinese hamster 
ovary LR73 cells; it induced an increased in 
MDR1 gene expression in these cells. Quinine was 
unable to significantly increase nuclear pirarubicin 
uptake in multidrug-resistant K562R and CEMR 
human leukemic cell lines. The effect of quinine on 
MDR1 gene expression was dependent on the cell 
line studied. Quinine could modify the molecular 
environment of anthracyclines and/or their binding 
to a possible cytoplasmic target [31].

Quinidine, used as Chinidinum sulfuricum, 
is a reversal agent and inhibitor of the multidrug 
resistance pump [14]. Quinidine is a blocker 
of mdr-1-coded efflux pump activity [32]. It 
significantly increased the cytotoxicity of paclitaxel 
in P-glycoprotein-positive MES-SA/DX5, but 
not in the P-glycoprotein-negative MES-SA cells 
at nontoxic concentrations. Quinidine effectively 
enhanced the accumulation of a P-glycoprotein 

substrate, rhodamine in paclitaxel -treated MES-
SA/DX5 cells. In addition, quinidine effectively 
cleaved poly (ADP-ribose) polymerase, activated 
caspase-3, and downregulated P-gp expression 
as well as increased sub-G1 apoptotic portion in 
paclitaxel -treated MES-SA/DX5 cells [24]. 

ANTIMETASTATIC ACTIVITY

Noscapine can be important as regards 
metastasis as it possibly possesses antiangiogenic 
activity. This activity is associated with decreasing 
HIF-1alpha expression in hypoxic tumor cells. 
Also, target genes upregulation, such as vascular 
endothelial growth factor, is decreased, which is 
associated with angiogenic activity. Noscapine can 
also act by inhibiting endothelial cells from forming 
blood vessels in response to the vascular endothelial 
growth factor stimulation [33]. Noscapine is able 
to stop the disease progress also by conjunction 
with the foliate receptor. It combines at C9 with 
the foliate a receptor in SKOV3 and A2780 ovarian 
cancer cell lines [41]. It promotes the degradation 
of cobalt stabilized HIF-1 a protein in ovarian 
cancer cells [26, 27].

Chemotherapy using vincristine, etoposide, 
and carboplatin occurred to be effective in 
preventing metastasis in every case (100%) in 
patients with high risk retinoblastoma [22]. 

The treatment of Co26 and Co51 colon cancer 
cells with colchicine inhibits pressure-stimulated 
cell adhesion to murine surgical wounds and blocks 
pressure-induced FAK and Akt phosphorylation 
[10].

SIDE EFFECTS

During therapy indicine N-oxide shows 
hepatotoxicity which was experienced as the 
asymptomatic elevations of transaminases, 
hyperbilirubinemia and ascites. The compound 
was found to be very hepatotoxic when given to 
a child with acute myelocytic leukemia [30]. In 
general its toxicity occurs as myelosuppression 
[37], trombocytopenia [5], nausea and vomiting, 
anemia, and hepatic dysfunction [17]. The next 
risk concerning of use indicine-N-oxide in the 
treatment of cancer is high incidence of veno-
occlusive disease related to this therapy [42]. Other 
sources claim that indicine N-oxide appears to 
be ineffective in the treatment of osteosarcoma, 
neuroblastoma, and pediatric brain tumors because 
higher therapeutic doses are associated with an 
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unacceptably high incidence of severe, irreversible 
hepatotoxicity. They even say that the further study 
of indicine N-oxide in pediatric solid tumors is not 
recommended [30]. Indicine N-oxide treatment 
gives partial responses in the mucoepidermoid 
carcinoma of the salivary glands and with the colon 
adenocarcinoma [37].

Constipation, and peripheral and central 
neurotoxicities are the most common side effects 
during vincristine treatment. What is more, its 
toxicity is significantly enhanced when combined 
with azole treatment and can even be life-
threatening [38]. 

Quinine gives many side effects. Those are 
fortunately not very severe and generally disappear 
with dose reduction. They mainly include vertigo 
and tinnitus. Mucositis was significantly more 
frequently observed in the quinine group. No life-
threatening cardiac toxicity was observed [46]. 
Quinine induced thrombocytopenia in a 64-year-
old man who consumed tonic water to relieve 
nocturnal leg cramps [5]. Quinine does not improve 
the survival of adult patients with de novo acute 
myelogenous leukemia, even though it improves 
the complete remission rate in a small subgroup 
of patients defined by rhodamine 123 efflux [40]. 
Quinine caused dizziness [28] and induced a 
significant increase in the incidence of nausea, 
vomiting, mucositis and cardiac toxicity. Quinine 
side effects were observed in 56 of 161 quinine-
treated patients and disappeared in all but four 
cases after one or two 20% dose decreases [41]. 

Colchicine is a quite toxic agent but in cases 
of chronic ingestion. The main problem after a 
colchicine course can be infertility because this 
drug stops spermatogenesis [10].

CLINICAL TRIALS

In NCI indicine N-oxide was investigated as 
regards acute lymphocytic leukemia and refractory 
acute nonlymphocytic leukemia (myelocytic and 
myelomonocytic). Patients achieved complete or 
partial remissions in this clinical trial. The drug 
activity was also investigated in colon and rectum 
cancer. The drug activity was determined in children 
with acute lymphoblastic and nonlymphoblastic 
leukemia, neuroblastoma, brain tumors, Wilm’s 
tumor, rhabdomyosarcoma, Ewing’s sarcoma, 
lymphomas and osteogenic sarcoma. Chemotherapy 
was evaluated for the advanced or metastatic 
renal cell cancer [31]. Despite severe side effects 
the compound is still under examination, as it 

is sometimes the only hope in cases where other 
drugs are ineffective. 

In NCI vincristine chemotherapy is evaluated 
in children with low risk acute lymphoblastic 
leukemia, children with high risk acute lymphoblastic 
leukemia, in adult acute lymphoblastic leukemia . 
Combined chemotherapy with vincristine in non-
Hodgkin’s lymphoma is also assessed. Vincristine 
was compared in phase III of a randomized study 
of low dose versus high dose vincristine and 
combination chemotherapy in pediatric patients 
with intermediate-risk relapsed B-precursor acute 
lymphoblastic leukemia. Vincristine is also used 
in NCI in phase III of a randomized study of 
ifosfamide, vincristine, and dactinomycin with 
or without doxorubicin in pediatric patients with 
non-metastatic rhabdomyosarcoma. The relative 
safety of a reduced-intensity reintensification 
regimen comprising dexamethasone, vincristine, 
cyclophosphamide and anthracyclines vs a 
standard treatment regimen in pediatric patients 
with standard-risk acute lymphoblastic leukemia 
identified by fast clearance of leukemic cells 
is observed and it looks promising as a new, 
safer regimen of treatment. Vincristine is used 
with etoposide, prednisone, and doxorubicin 
hydrochloride in chemotherapy evaluation in 
pediatric patients with Hodgkin’s lymphoma [31].

NCI also determined the prostate-specific 
antigen response to continuous low dose oral 
colchicine. The maximum tolerated dosage of 
colchicine combined with vincristine/doxorubicin/
dexamethasone and plasmapheresis was 
established in patients with renal failure associated 
with myeloma. NCI carried out phase I-II pilot 
chemotherapy with colchicine for refractory 
Hodgkin’s disease, chronic lymphatic leukemia, 
lung or breast cancer. The maximum dose of 
colchicine which may be safely administered on 
a once-a-week basis was determined. In phase 
I-II chemotherapy with colchicine for refractory 
chronic lymphocytic leukemia the maximum 
dose of colchicine was determined, as well as the 
response rate in patients with chronic lymphocytic 
leukemia was also determined and the quantitative 
and qualitative toxicity of colchicine [31]. 

NCI evaluated efficacy of the drug 
combination doxorubicin, etoposide, quinidine in 
the treatment of colorectal cancer and investigated 
also whether quinidine would reverse multidrug 
resistance in this type of cancer. It was investigated 
whether the addition of quinidine elicited a response 
in patients with colorectal cancer who failed to 
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respond to doxorubicin. NCI defined the toxicities 
associated with the combination vinblastine/
quinidine in patients with metastatic renal cell 
carcinoma and determined the maximum tolerated 
dose of quinidine when used in combination with 
vinblastine [31].

CONCLUSIONS

These alkaloids are at the stage of clinical 
studies due to their antitumor efficacy. These drugs 
possess different mechanisms of action. Some of 
them, such as caffeine directly affect DNA, others 
induce apoptosis through different pathways. 
These compounds have several mechanisms of 
action, thus have therapeutic potential. Alkaloids 
are a valuable class of compounds. In addition to 
antitumor activity may have a preventive measure. 
These compounds are able to overcome multidrug 
resistance.

Antitumor activity of plant compounds 
proves to be a successful research direction. These 
alkaloids are examples of phytochemicals, which 
after many stages of research, entered the stage of 
clinical trials and have a chance to be included in 
the chemotherapy regimen alone or in combination 
with other drugs. Described alkaloids are great 
hope for cancer patients. Particularly for the group 
of patients with lymphomas, mainly leukemia. 
Patients with lung cancer and breast cancer also have 
the chance of new therapies through the research on 
the anticancer activity of the compounds described.
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