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Effect of trifluoperazine on Tc-99m sestamibi uptake
in patients with advanced nonsmall cell lung cancer
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ABSTRACT Objective: The aim of this study was to investigate whether there is an effect of trifluoperazine on Tc-99m
methoxyisobutylisonitrile (MIBI) uptake in patients with advanced nonsmall cell lung cancer (NCLC).
Materials and Methods: A total of 23 patients with biopsy-proven advanced NCLC who had no previous
history of chemo-radiotherapy, underwent baseline dual phase planar, single photon emission computed
tomography and whole body Tc-99m MIBI scintigraphy performed at 20 and 120 min. After oral administration
of trifluoperazine (5 mg, 2 times a day, for 5 days), dual phase Tc-99m MIBI scintigraphy was repeated. For
each patient, and for both studies, regions of interest were drawn over the tumor area (T) and over the normal
lung area (L) on the contralateral side in transverse slices where tumor was visualized clearly. Then, early and
delayed T/L ratios and washout rate (WR) were calculated. Results: Tc-99m MIBI was accumulated in the cancer
tissue in all of the patients. Delayed ratio after the oral administration of trifluoperazine (DR2) was significantly
higher (P = 0.039) than delayed ratio before trifluoperazine (DR1). We found no significant differences of early
ratio before trifluoperazine (ER1) and early ratio after trifluoperazine (ER2), and washout rate before (WR1) and
washout rate after trifluoperazine (WR2). Conclusion: In patients with advanced NCLC, trifluoperazine treatment in
addition to chemotherapy might be useful. However, our results need to be confirmed in larger series of patients.
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INTRODUCTION

In the treatment of lung cancer, several chemotherapeutic agents
are widely used but they are not always effective. To improve the
quality of life and increase in median survival of patients, selection
of the most sensitive and most effective ones of these agents
is important. The occurrence of multidrug resistance (MDR)
is a major cause of resistance to chemotherapeutic agents in
patients with lung cancer, in part owing to the overexpression
of MDR-related P glycoprotein (Pgp). Some of the mechanisms
responsible for resistance in these tumors are changes in
tumor perfusion and oxygenation and factors associated
with MDR.M It is difficult to predict the prognosis and eatly
chemotherapy response of nonsmall cell lung cancer (NCLC)
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by means of morphologic imaging techniques such as computed
tomography (CT) and magnetic resonance imaging. Clinically,
Tc-99m methoxyisobutylisonitrile (MIBI) scintigraphy is useful in
predicting the efficacy of chemotherapy in lung cancer, malignant

lymphoma, and breast cancer.*l

Tc-99m MIBI is a lipophilic cation developed primarily as a
myocardial imaging agent, passes through the cell membrane
due to negative transmembrane potential and accumulates
in mitochondria reversibly.”! Mitochondtia ate important in
the pathophysiology and treatment of cancers and play a key
role in cell life and death.! Although the exact mechanism of
Tc-99m MIBI uptake in tumors disclosed, increased metabolic
rate of tumor cells, increased cellular mitochondrial content and
increased potential difference between the inner and outer part
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of the mitochondrial membrane, can play an important role in
the tumor uptake of this agent, or the uptake may be caused
by indirect phenomena, such as increased tumor blood flow
and capillary permeability and Tc-99m MIBI is suggested as a
suitable agent for tumor imaging.! Furthermore, it has been
demonstrated that Tc-99m MIBI is a transport substance and
a noninvasive marker for MDR related Pgp and that tumor cell
accumulation is enhanced by inhibition of the efflux transport
function and inversely related to the level of Pgp.F!

These results provided the basis for clinical studies that
investigated the role of Tc-99m MIBI in predicting the response
to chemotherapy in patients with lung carcinoma and Pgp or
MDR-related protein expression.” ! Increased MIBI uptake in
NCLC has been reported to be related to a positive response to
chemotherapy.” Also, in a group of malignant tumots such as
lymphoma, soft tissue sarcoma and breast cancer, decreased or
lack of Tc-99m MIBI uptake is known to be related to a negative

response to chemotherapy.t*'#"!

On the other hand, multifactorial drug tolerance has been
reported in lung cancers."**! However, there are some studies
showing that the presence of Pgp in primary lung cancer may not
play an important role on Tc-99m MIBI uptake.['™" Yiiksel ez /.
reported that higher Tc-99m MIBI uptake in NCLC is associated
with a positive response to chemotherapy and Pgp expression
plays only a minor role in Tc-99m MIBI uptake. This study
also reported that washout rate (WR) of responders was not
significantly different from that of nontesponders.”! Aloj ez al.
reported in their study of breast cancer tissue cultures, reduced
or lack of Tc-99m MIBI may be an iz vivo indicator of high levels
of Bcl-2 in tumor tissue.'™ Also in this study, Tc-99m MIBI
uptake has been reported to have increased by 10-fold in the cells
having high levels of Bcl-2 after treatment with staurosporine.
As a nonselective protein kinase C inhibitor staurosporine,
trifluoperazine is a calcium/ calmodulin-dependent protein kinase
inhibitor, and trifluoperazine can induce cell death by inhibiting

high expression of Bcl-2 in dopaminergic neuronal cell lines."”

Trifluoperazine is widely used as an antipsychotic drug due
to its interaction with many types of ion channels. It is also
a calmodulin antagonist, inhibitors of protein kinase C, and

2021 Trifluoperazine is known to reverse MDR

adenylate cyclase.
of tumor cell lines by blocking Pgp efflux function. Shin e 4/.
reported that trifluoperazine induced the downregulation of Pgp

and MDR1b mRNA in 1.1210/Adr cells.*

Itis widely accepted that phenothiazines are localized predominantly
in the mitochondria of normal and cancer eukaryotic cells,?
which is indicative that the mechanism(s) of their cytotoxic activity
is/ate probably associated predominantly with mitochondtial
function. Since phenothiazines affect ATP production by different
ways in normal and leukemic cells, it may be speculated that
mitochondria mediate this selectivity. Mitochondria have been
shown to play a key role in apoptosis.®! In a study of Takeshita

¢t al., they found that verapamil and trifluoperazine substantially
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reversed resistance to Adriamycin in the Pgp positive cell lines,

wheteas cyclospotin A was relatively ineffective. !

The aim of the present study was to determine the effect of
trifluoperazine on dual phase Tc-99m MIBI uptake in patients
with advanced NCLC.

MATERIALS AND METHODS

Twenty-three patients including 18 men and 5 women (mean
age, 59.7 £ 11.08 years) with newly diagnosed advanced NCLC
(stage IV) were prospectively enrolled in the study. Tumors
were classified according to the WHO nomenclature and the
tumor-node-metastasis system was used for staging, and tumor
size ranged between 2 and 10 cm. No patient had received
previous chemotherapy or radiotherapy. The study protocol was
approved by the Local Ethics Committee, and all the patients
gave an informed consent.

Tc-99m MIBI scintigraphy and CT was performed prior to
starting any treatment. After oral administration of trifluoperazine
(5 mg, 2 times a day, for 5 days), Tc-99m MIBI scintigraphy was
repeated.

Each patient received 20 mCi (740 MBq) Tc-99m MIBI by
intravenous injection in the arm contralateral to the thoracic
mass. 20 (early image) and 120 min (delayed image) after injection,
planar, single photon emission computed tomography (SPECT)
and whole body images were obtained with a double head
gamma camera equipped with a high resolution parallel hole
collimator (Siemens ECam; Siemens Medical Systems, Hoffman
Estates, IL USA, 1999). The energy peak was centered at 140 keV
with a 20% window. For SPECT of the torax, 64 projections were
obtained using a 64 X 64 matrix, in “step and shoot” mode, at
20 s per view. Image reconstruction was performed using filtered
back projection with Butterworth filter and transverse, coronal,
and sagittal sections were reconstructed.

Reconstructed images were evaluated qualitatively for accumulation
of Tc-99m MIBI corresponding to the location of the masses
on CT. For each patient, and for both studies, manual regions of
interest were drawn over the tumor area (T) and another region of
interest of the same size over the symmetrical normal lung (L) area
on the contralateral side using a mirroring technique in transverse
slices which displayed the cleatest lesion on eatly and delayed
images. Then, early (ER) and delayed (DR) T/L ratios and WR
were calculated semiquantitatively before (ER1, DR1, WR1) and
after (ER2, DR2, WR2) oral administration of trifluoperazine. WR
was determined using the following formula:

WR% = ER - DR / ER X 100

The data for catly and delayed T/L ratios wete expressed as
mean * standard deviation (SD). For intragroup comparison
of repeated measurements, paired samples #test was used to
evaluate the significance of differences. A P value of 0.05 or

less was considered to be statistically significant.
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RESULTS

Of all patients, prior to trifluoperazine administration, consistent
with the tumor region in CT, Tc-99m MIBI uptake was observed
and was considered to be positive. In all patients, trifluoperazine
was well tolerated and no associated extrapyramidal syndromes
occurred.

In the baseline study, ER1, DR1 and WR1 mean £ SD are
1.81 £ 0.38, 1.60  0.33 and 11.08 * 11.02, respectively. After
trifluoperazine administration, ER2, DR2, and WR2 mean = SD
are 1.87 £ 0.40, 1.68 £ 0.34 and 9.17 * 8.26, respectively.

Delayed ratio following trifluoperazine administration (DR2)
was significantly higher (P < 0.05) than delayed ratio before the
therapy (DR1). ER2 was higher than ER1 and WR2 was lower
than WR1 but we found no significant differences (P > 0.05)
between ER1 and ER2; WR1 and WR2.

The clinical and scintigraphic data of all patients are reported
in Table 1. Early and delayed ratios and WRs before and after
administration of trifluoperazine are given in Table 2.

DISCUSSION

Visualization, determination, and inhibition of MDR will be
the most important process to improve chemotherapeutic
regimens. Because clinical studies have shown that
overexpression of MDR-related proteins such as Pgp, MDR
protein (MRP) are prognostic indicators of a poor response

to chemotherapy.’?"* As an energy-dependent drug efflux

pump, Pgp reduces the accumulation of chemotherapeutic
drugs in MDR cells.

For functional and noninvasively visualization of MDR, previous
studies have reported a significant correlation between Tc-99m
MIBI accumulation and Pgp expression in immunohistochemistry

in several types of cancet.P?

I Also, a reduction in the apoptotic
index and marked overexpression of Bcl-2 failed to accumulate
Tc-99m MIBI 7z vivo.P" The cationic charge and lipophilicity of
Tc-99m MIBI, mitochondrial and plasma membrane potentials
of tumor cells, and cellular mitochondrial content can all play
significant roles in the tumot’s uptake of this agent, or the uptake
may be caused by indirect phenomena such as increased tumor
blood flow, tumor necrosis, metabolic demand, and vascular
permeability.’>* Tt has recently been reported that Te-99m MIBI
is a substrate for Pgp and MRP, and thus it is extruded from cell
like chemotherapy drugs.® The retention of Tec-99m MIBI
in cells depends on the expressions of Pgp and MRP, which
function as ATP-dependent efflux pumps for many cytotoxic
substances, most of which fare lipophilic cations. Furthermore,
in experimental tissue culture studies in tumors suggested that,
high levels of anti-apoptotic protein Bcl-2 which are located in
the outer mitochondrial membrane impair the mitochondrial
membrane potential by reducing the release of cytochrome C
and inhibit influx of various chemotherapeutic agents across the
cell membrane.P High levels of Bcl-2 have been found in a wide
variety of human cancers and correlate with relative resistance to
current chemotherapeutic regimens and radiotherapy.P® In our
study, Tc-99m MIBI was accumulated in tumor regions of all
patients independent of tumor size. Changes in the uptake of
MIBI in the eatly phase of apoptosis obtained by trifluoperazine

Table 1: Clinical and scintigraphic data of 23 patients with advanced NCLC

Patient Age Gender Tumor Before trifluoperazine After trifluoperazine

numbear size (cm) ER1 DR1 WR1 ER2 DR2 WR2
1 56 Male 10 1.48 1.23 16.89 1.32 1.30 1.52
2 71 Male 5 1.50 1.26 16.00 1.58 1.42 10.13
3 75 Male 7 2.10 1.88 10.48 2.57 2.10 18.29
4 61 Male 5 2.21 1.71 22.62 2.44 1.65 32.38
5 47 Female 5 2.14 1.89 11.68 1.87 2.02 -8.02
6 47 Male 2.5 1.57 2.01 -28.03 1.76 1.76 0.00
7 73 Male 6.5 2.32 2.05 11.64 2.62 2.54 3.05
8 70 Male 4.5 1.56 1.38 11.54 2.30 1.85 19.57
9 53 Male 7 1.52 1.48 2.63 1.59 1.38 13.21
10 76 Male 6 1.70 1.23 27.65 1.54 1.44 6.49
1 73 Female 2 1.23 1.19 3.25 1.45 1.12 22.76
12 52 Male 5 1.43 1.38 3.50 1.52 1.40 7.89
13 46 Male 7 1.53 1.51 1.31 1.38 1.29 6.52
14 59 Male 8 2.53 2.21 12.65 2.49 2.25 9.64
15 60 Female 3 1.52 1.20 21.05 1.50 1.45 3.33
16 78 Male 6 1.52 1.23 19.08 1.65 1.49 9.70
17 56 Male 6 1.62 1.50 7.41 1.64 1.58 3.66
18 37 Male 2 2.62 2.1 19.47 2.17 1.98 8.76
19 52 Male 5 1.86 1.65 11.29 1.93 1.82 5.70
20 61 Female 6 1.75 1.58 9.71 1.78 1.62 8.99
21 53 Male 4 1.73 1.56 9.83 1.78 1.63 8.43
22 61 Male 6 2.27 2.03 10.57 2.15 1.95 9.30
23 56 Female 7 1.85 1.43 22.70 1.87 1.69 9.63

ER:Early ratio, DR: Delayed ratio, WR: Washout rate, NCLC: Nonsmall cell lung cancer
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Table 2: Tc-99m MIBI uptake ratios and WRs before and after
administration of trifluoperazine

Tc-99m MIBI uptake (mean+SD)

ER DR WR
Before trifluoperazine 1.81+0.38 1.60+0.33* 11.08+11.02
After trifluoperazine 1.87+0.40 1.68+0.34* 9.17+8.26

*P=0.039. SD: Standard deviation, ER: Early ratio, DR: Delayed ratio, WRs: Washout
rates, MIBI: Sestamibi

may be indicative of Bcl-2 expression or Pgp expression in
tumor cells.

For inhibition of MDR, MDR modulators have been suggested to
reverse Pgp-mediated drug resistance. Since no MDR modulators
applicable to regular clinical use have been identified so far, the
search is still on. Piwnica-Worms e/ a/. have demonstrated that
after administration of drugs that can inhibit the activity of Pgp,
such as verapamil and cyclosporin, the uptake of Tc-99m MIBI
is increased about 10 times in cells with low expression of Pgp.f
Additionally, phenothiazines can strongly influence biophysical
properties of one-component lipid bilayers as well as model
membranes containing cholesterol-enriched microdomains.P”
Trifluoperazine was one of the first MDR modulators tested
in clinical trials, but the outcome was negative since the plasma
concentrations of trifluoperazine achieved were so far too low
to be effective.”™ Then inhibition of Pgp transport activity by
trifluoperazine was confirmed in various cellular models.?#1 A
definite limitation of our study was that numbers of patients were
relatively small. We could not perform immunohistochemical
screening to all of our patients.

Easy availability and lower cost of Tc-99m MIBI scintigraphy
compared with positron emission tomography, coupled with its
high specificity and positive predictive value, makes it attractive
as a diagnostic modality.

CONCLUSION

Tc-99m MIBI scan may have an important prognostic tole by
establishing whether individual patients will benefit from the use
of Pgp inhibitors or Bcl-2 antagonists. Tc-99m MIBI scintigraphy
with administration of trifluoperazine can predict which patients
with advanced NCLC will respond chemotherapy + MDR
modulators without a significant loss of life quality for patients.

Comparative functional imaging and pathology studies as well
as functional imaging studies after administration of MDR
modulators and Pgp inhibitors are required to further clarify a
potential prognostic and therapy-guiding role of Tc-99m MIBI
functional tumor imaging;

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

| 106

REFERENCES

6.

10.

11.

12.

13.

15.

16.

17.

18.

19.

Indian Journal of Nuclear Medicine |

Del Vecchio S, Zannetti A, Ciarmiello A, Aloj L, Caraco C, Fonti R,
¢t al. Dynamic coupling of 99mTc-MIBI efflux and apoptotic pathway
activation in untreated breast cancer patients. Eur ] Nucl Med Mol Imaging
2002;29:809-14.

Shih W], Rastogi A, Stipp V, Magoun S, Coupal J. Functional retention of
Tc-99m MIBI in mediastinal lymphomas as a predictor of chemotherapeutic
response demonstrated by consecutive thoracic SPECT imaging. Clin Nucl
Med 1998;23:505-8.

Ceriani L, Giovanella L, Bandera M, Beghe B, Ortelli M, Roncari G.
Semi-quantitative assessment of 99Tcm-sestamibi uptake in lung cancer:
Relationship with clinical response to chemotherapy. Nucl Med Commun
1997;18:1087-97.

Takamura Y, Miyoshi Y, Taguchi T, Noguchi S. Prediction of
chemotherapeutic response by technetium 99m — MIBI scintigraphy in
breast carcinoma patients. Cancer 2001;92:232-9.

Piwnica-Worms D, Kronauge JF, Chiu ML. Uptake and retention
of hexakis (2-methoxyisobutyl isonitrile) technetium(I) in cultured
chick myocardial cells. Mitochondrial and plasma membrane potential
dependence. Circulation 1990;82:1826-38.

Modica-Napolitano JS, Aprille JR. Delocalized lipophilic cations selectively
target the mitochondria of carcinoma cells. Adv Drug Deliv Rev
2001;49:63-70.

Delmon-Moingeon LI, Piwnica-Worms D, Van den Abbeele AD,
Holman BL, Davison A, Jones AG. Uptake of the cation hexakis
(2-methoxyisobutylisonitrile)-technetium-99m by human carcinoma cell
lines 7z vitro. Cancer Res 1990;50:2198-202.

Piwnica-Worms D, Chiu ML, Budding M, Kronauge JF, Kramer RA,
Croop JM. Functional imaging of multidrug-resistant P-glycoprotein with
an organotechnetium complex. Cancer Res 1993;53:977-84.

Yiksel M, Cermik TE, Doganay L, Karlikaya C, Cakir E, Salan A, e al.
99mTc-MIBI SPET in non-small cell lung cancer in relationship with Pgp
and prognosis. Eur | Nucl Med Mol Imaging 2002;29:876-81.

Changlai SP, Tsai CS, Ding HJ, Huang WT, Kao A, Hsu WH. Using
technetium-99m methoxyisobutylisonitrile lung single-photon-emission
computed tomography to predict response to chemotherapy and compate
with P-glycoprotein expression in patients with untreated small cell lung
cancer. Med Oncol 2003;20:247-53.

Kao CH, Hsieh JE, Tsai SC, Ho Y], Lee JK. Quickly predicting chemotherapy
response to paclitaxel-based therapy in non-small cell lung cancer by early
technetium-99m methoxyisobutylisonitrile chest single-photon-emission
computed tomography. Clin Cancer Res 2000;6:820-4.

Kapucu LO, Akyiiz C, Vural G, Oguz A, Atasever T, Biytikpamukeu M,
et al. Evaluation of therapy response in children with untreated malignant
lymphomas using technetium-99m-sestamibi. ] Nucl Med 1997;38:243-7.
Burak Z, Ersoy O, Moretti JL, Ering R, Ozcan Z, Ditlik A, ¢/ al. The role of
99mTc-MIBI scintigraphy in the assessment of MDR1 overexpression in
patients with musculoskeletal sarcomas: Comparison with therapy response.
Eur J Nucl Med 2001;28:1341-50.

Kelley SL, Basu A, Teicher BA, Hacker MP, Hamer DH, Lazo JS.
Overexpression of metallothionein confers resistance to anticancer drugs.
Science 1988;241:1813-5.

Eijdems EW, De Haas M, Coco-Martin JM, Ottenheim CP, Zaman GJ,
Dauwerse HG, ¢f al. Mechanisms of MRP over-expression in four human
lung-cancer cell lines and analysis of the MRP amplicon. Int | Cancer
1995;60:676-84.

Moretti JL, Duran Cordobes M, Starzec A, de Beco V, Vergote ], Benazzouz F,
et al. Involvement of glutathione in loss of technetium-99m-MIBI
accumulation related to membrane MDR protein expression in tumor
cells. J Nucl Med 1998;39:1214-8.

Sasaki M, Kuwabara Y, Ichiya Y, Yoshida T, Nakagawa M,
Soeda H, ¢t al. Prediction of the chemosensitivity of lung cancer by
99mTc-hexakis-2-methoxyisobutyl isonitrile SPECT. | Nucl Med
1999;40:1778-83.

Aloj L, Zannetti A, Caracé C, Del Vecchio S, Salvatore M. Bcl-2
overexpression prevents 99mTc-MIBI uptake in breast cancer cell lines.
Eur ] Nucl Med Mol Imaging 2004;31:521-7.

Oh Y], Uhland-Smith A, Kim JE, O’Malley KL. Regions outside of the
Bcl-2 homology domains, BH1 and BH2 protect a dopaminergic neuronal

Vol. 31: Issue 2

| April-June, 2016




Abdulrezzak, et al.: Effect of trifluoperazine on Tc-ggm sestamibi uptake

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

Indian Journal of Nuclear Medicine |

cell line from staurosporine-induced cell death. Brain Res Mol Brain Res
1997;51:133-42.

Michalak K, Wesolowska O, Motohashi N, Hendrich AB. The role of
the membrane actions of phenothiazines and flavonoids as functional
modulators. Top Heterocycl Chem (Bioact Heterocycl 1T) 2007;8:223-302.
Wennogle LP, Wysowskyj HE, Jeng AY. Profiling of inhibitors of protein
kinase C. Adv Enzyme Regul 1988;27:287-93.

Shin SY, Choi BH, Kim JR, Kim JH, Lee YH. Suppression of P-glycoprotein
expression by antipsychotics trifluoperazine in adriamycin-resistant 1.1210
mouse leukemia cells. Eur ] Pharm Sci 2006;28:300-6.

Dvorakova K, Waltmire CN, Payne CM, Tome ME, Brichl MM, Dorr RT.
Induction of mitochondrial changes in myeloma cells by imexon. Blood
2001;97:3544-51.

Rodrigues T, Santos AC, Pigoso AA, Mingatto FE, Uyemura SA, Curti C.
Thioridazine interacts with the membrane of mitochondria acquiring
antioxidant activity toward apoptosis — Potentially implicated mechanisms.
Br ] Pharmacol 2002;136:136-42.

Green DR, Reed JC. Mitochondria and apoptosis. Science 1998;281:1309-12.
Takeshita H, Gebhardt MC, Springfield DS, Kusuzaki K, Mankin H]J.
Experimental models for the study of drug resistance in osteosarcoma:
P-glycoprotein-positive, murine osteosarcoma cell lines. ] Bone Joint Surg
Am 1996;78:366-75.

Ohsawa M, Ikura Y, Fukushima H, Shirai N, Sugama Y, Suekane T, ¢ a.
Immunohistochemical expression of multidrug resistance proteins as a
predictor of poor response to chemotherapy and prognosis in patients
with nodal diffuse large B-cell lymphoma. Oncology 2005;68:422-31.
Moureau-Zabotto L, Ricci S, Lefranc JP, Coulet F, Genestie C, Antoine M,
et al. Prognostic impact of multidrug resistance gene expression on the
management of breast cancer in the context of adjuvant therapy based
on a series of 171 patients. Br ] Cancer 2006;94:473-80.

Kim YS, Cho SW;, Lee KJ, Hahm KB, Wang HJ, Yim H, ¢# a/. Tc-99m
MIBI SPECT is useful for noninvasively predicting the presence of MDR1
gene-encoded P-glycoprotein in patients with hepatocellular carcinoma.
Clin Nucl Med 1999;24:874-9.

Vol. 31: Issue 2

| April-June, 2016

30.

31

32.

33.

34.

35.

30.

37.

38.

39.

40.

Taki J, Sumiya H, Asada N, Ueda Y, Tsuchiya H, Tonami N. Assessment
of P-glycoprotein in patients with malignant bone and soft-tissue
tumors using technetium-99m-MIBI scintigraphy. ] Nucl Med
1998;39:1179-84.

Rutledge SE, Chin JW, Schepartz A. A view to a kill: Ligands for Bcl-2
family proteins. Curr Opin Chem Biol 2002;6:479-85.

Chiu ML, Kronauge JF, Piwnica-Worms D. Effect of mitochondrial
and plasma membrane potentials on accumulation of hexakis
(2-methoxyisobutylisonitrile) technetium(I) in cultured mouse fibroblasts.
J Nucl Med 1990;31:1646-53.

Waxman AD. Thallium-201 and technetium-99m methoxyisobutylisonitrile
(MIBI) in nuclear oncology. In: Sandler MP, Coleman RE, Wackers FJT,
eds. Diagnostic Nuclear Medicine. 3" ed. Baltimore, MD: Williams and
Wilkins; 1996. p. 1261-74

Hendrikse NH, Franssen EJ, van der Graaf WT, Vaalburg W,
de Vries EG. Visualization of multidrug resistance iz vivo. Eur ] Nucl
Med 1999;26:283-93.

Reed JC. Apoptosis-regulating proteins as targets for drug discovery. Trends
Mol Med 2001;7:314-9.

Del Vecchio S, Zannetti A, Aloj L, Caraco C, Ciarmiello A, Salvatore M.
Inhibition of early 99mTc-MIBI uptake by Bcl-2 anti-apoptotic protein
overexpression in untreated breast carcinoma. Eur ] Nucl Med Mol Imaging
2003;30:879-87.

Wesolowska O, Michalak K, Hendrich AB. Direct visualization of phase
separation induced by phenothiazine-type antipsychotic drugs in model
lipid membranes. Mol Membr Biol 2011;28:103-14.

Raderer M, Scheithauer W. Clinical trials of agents that reverse multidrug
resistance. A literature review. Cancer 1993;72:3553-63.

Ramu A, Ramu N. Reversal of multidrug resistance by phenothiazines
and structurally related compounds. Cancer Chemother Pharmacol
1992;30:165-73.

Wesolowska O, Molnar J, Ocsovszki I, Michalak K. Differential effect
of phenothiazines on MRP1 and P-glycoprotein activity. Iz 1/ivo
2009;23:943-7.

107 |



