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(Received 16 December 2005; revised 27 January 2006; in final form 4 February 2006)

This article reports a method of gathering information on a neoplasmic disease on the basis of
direct magnetooptical analysis of human blood serum. In a strong magnetic field B and optical
field k, biomolecules carrying the information on the neoplasmic changes in human blood
serum generate transitions following from their multipolar optical polarizability. The results of
the study introduce magnetooptical characteristics of the neoplasmic changes in information
carrier. The proposed magnetooptical technique for detection of neoplasmic changes requires
a sample of human blood serum of about 2mL and the availability of a strong magnetic
field (10–30T).
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1. Introduction

The magnetooptical circular birefringence (MOCB) induced in a chiral medium,
measured at the angle of the light polarization plane rotation, is described [1,2] in the
parallel ðB "" kÞ and antiparallel ðB "# kÞ configurations of B and k, where k is
the wave vector of light propagation in the chiral medium in a magnetic field B. The
medium studied in this work is human blood serum. The latter is an optically active
substance, i.e. it naturally causes a rotation � of the polarization plane of the light
passing through it to the right (�>0), so it is a dextrorotatory medium. For
homogeneous chemically pure dextrorotatory media, the rotation is positive (�þ>0),
while for laevorotatory media it is counterclockwise (��<0) [3]. All blood serum
samples are characterized by a resultant dextrorotatory natural optical activity.
It means that among all chiral species present in blood serum the dextrorotatory ones
�þ are dominant while the laevorotatory �� are unmeasured, so that the total effect of
serum natural activity is �¼�þþ ��>0. The physical basis of the proposed MOCB
method is that the magnetooptical circular birefringence in human blood serum from
healthy donors differs from that recorded for the blood serum from cancer patients. The
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effect of the MOCB induced in the blood serum of a cancer patient are measured at the
angle �"" of the light polarization plane rotation in the configuration ðB "" kÞ

described as:

�"" ¼ ðaBþ bð�ÞB2 þ cB3ÞL, ð1Þ

while for healthy people

�"" ¼ ðaBþ bðþÞB2 þ cB3ÞL: ð2Þ

The angle �"# measured in the configuration ðB "# kÞ for the blood serum of a cancer
patient is

�"" ¼ ð�aBþ bð�ÞB2 � cB3ÞL, ð3Þ

and for healthy people

�"# ¼ ð�aBþ bðþÞB2 � cB3ÞL: ð4Þ

The values b(þ), b(�) in equations (1–4) determined on the basis of the experimentally
measured �"" and �"# provided clear evidence of differences in the induced circular
birefringence between the sera of healthy people (b(þ)>0) and the sera of patients with
cancer (b(�)<0). This statement is supported by the results [1,4–6] obtained for patients
clinically diagnosed by standard medical treatment and by analysis of their serum
magnetooptical characteristics, since b(þ) and b(�) stand for the magnetic field induced
circular birefringence of chiral media in B2 field. The parameters ‘a’ and ‘c’ stand for the
Faraday effect and non-linear Faraday effect respectively, while L is the light path in
the blood serum sample.

2. Experimental

The experimental magnetooptical techniques require the availability of a strongmagnetic
field ofB from 10 to 30T. The values of the magnetooptical parameters b(þ) and b(�) were
measured for about 700 blood serum samples. The experimental result �"" > �"#

indicates the unneoplasmic case because bexp¼ [ð�"" þ �"#Þ/(2B2L)]>0, as the term
ð�"" þ �"#Þ is positive [cf equations (2) and (4)]. For the experimental result �"" < �"#,
the value of bexp value is negative: bexp¼ [(�"" < �"#)/(2B2L)]<0, since the term
(�"" < �"#) is negative [cf equations (1) and (3)]. The latter is related to a neoplasmic case.
The human serum samples studied in this work have been irradiated with an argon laser
beam having wavelength �¼ 488 nm, at T� 295K. The laser path in the serum was
L¼ 5mm and the effective excitation volume of the serum was Veff¼ 15.7mm3.

The magnetooptical rotation �(B2) induced by the B2 field in the serum sample
studied can be described as

�ðB2Þ ¼ B2Lbexp ¼ B2L bðþÞ þ bð�Þ
� �

, ð5Þ

where b(þ)B2L¼
(þ)�(B2) and b(�)B2L¼ b(�)�(B2).

The negative experimental value of the bexp� b(�)<0 is characteristic of neoplasmic
changes [1,4–8]. As follows from the data of [2] and [9], it is assumed that the multipole
transitions in the biomolecule are governed by the negative values of bexp (MOCB
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effect). Here, we surmise that such multipole transitions carry relevant information
on the neoplasmic changes. The MOCB effect implies �(B2)<0 [cf equation (5)], while
the MOCB experimental result bexp>0 relates to �(B2)>0. The latter holds for
the effect of multipolar optical polarizability transitions in the biomolecule, this being a
carrier of the unneoplasmic status governed by the positive value of bexp. For
enantiomers the absolute values of b(þ) and b(�) are the same, which is also same for
absolute values of �þ and �� [2]. For serum, the experimental results indicate that,
irrespective of the health status of the patients, their effective natural optical activity
�¼�þþ �� is dextorotatory (tables 2 and 3). The experimental results of the study and
the parameters calculated from these data are given in tables 1–4.

3. Results

On the basis of the statistical analysis of the correlation between the magnetooptical
data, bexp<0 and/or bexp>0, and the clinical diagnosis of patients, it was possible to
select a range of the bexp<0 corresponding to a positive predictive value (PPV) of the
screening tests for a characteristic disease.

The possibility of differentiation between the cancer and inflammation states on the
basis of the magnetooptical results has been tested for patients with prostate cancer and
separately for those with prostate inflammation.

The PPV presented for prostate inflammation in table 1 concerns the clinical
diagnosis and the MOCB results for patients with bexp>0. Analysis of a reasonable
number of patients with a given disease permits us to infer a statistically reliable
correlation between the type of neoplasmic changes and the value of the magnetooptical
data determined from the blood serum samples. The MOCB sample results (table 2)
concern the patients with ovarian cancer, mammae cancer and prostate cancer,
in contrast to those with prostate inflammation and healthy blood donors (table 3) as
non-cancer cases.

4. Neoplasmic changes information carrier

The MOCB data collected [1,4–7] suggest that the blood serum of cancer patients
contains [8] a stable biomolecular structure generated by the disease [10]. Similar
opinions have been presented in some works on ovarian cancer [11], prostate cancer
[12–14] and many remarks are given in [15] on the detection of early prostate cancer.

The magnetooptical �(B2) effect induced in the blood serum of cancer patients can be
described as the biomolecular response to the second power B2 magnetic field
interaction with molecules. The present study suggests that the B2 effect in serum can be
analysed (equation (5)) as the magnetic field induced rotation �(B2). Human serum is an

Table 1. The positive predictive value (PPV) of MOCB results for ovarian cancer, prostate cancer
and prostate inflammation.

Ovarian cancer (%) Prostate cancer (%) Prostate inflammation (%)

PPV 76 (bexp<0) 100 (bexp<0) 100 (bexp>0)
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isotropic chiral medium and their quadratic magnetic field induced circular birefrin-

gence is observed [1–7].
The physical interpretation of the MOCB effect observed in human blood serum is

considered from the result of [9] given for the specific molecular Y, K diamagnetic point

group symmetries (globular) of isotropic chiral media.

Table 2. Magnetooptical characteristics of clinically diagnosed different patients. Quadratic magnetic field
induced circular birefringence parameter bexp<0, effective natural optical activity �, assigned neoplasmic

change Q, density number (�)� and (þ)� of the magnetooptical active carriers in patient’s serum.

bexp<0 (degT�2mm�1) � (degmm�1) Q (deg�1 T2mm) � (molmm�3)
Age

n 105 bexp 103� 10�3Q 10�18 (�)� 10�18 (þ)� (years)

Ovarian cancer
1 �31.5 89.21 �3.17 4.01 2.84 51
2 �27.8 48.80 �5.82 3.54 1.55 51
3 �22.5 49.30 �5.73 2.86 1.57 67
4 �20.8 34.03 �8.30 2.64 1.08 44
5 �16.8 87.66 �3.29 2.14 2.79 54
6 �16.5 38.68 �7.30 2.10 1.23 59
7 �9.8 49.15 �5.75 1.24 1.56 51
8 �7.9 47.85 �5.90 1.00 1.52 41
9 �7.8 76.88 �3.68 0.99 2.44 17

10 �6.9 48.10 �5.84 0.87 1.53 53
11 �5.6 88.02 �3.21 0.71 2.80 55
12 �3.6 38.96 �7.25 0.46 1.24 57
13 �3.6 58.62 �4.81 0.45 1.86 72
14 �1.2 70.27 �4.02 0.15 2.23 37
15 �0.3 47.85 �5.90 0.04 1.52 62
16 �0.2 67.13 �4.21 0.02 2.13 53

Qq¼�5.3� 103 deg�1 T2mm
Mammae cancer
1 �69.0 54.0 �1.44 8.78 1.71
2 �56.0 65.0 �1.20 7.13 2.07
3 �33.0 54.0 �1.44 4.12 1.71
4 �30.0 58.0 �1.34 3.82 1.84
5 �24.0 58.0 �1.34 3.05 1.84
6 �19.7 78.0 �1.03 2.50 2.48
7 �18.0 65.0 �1.20 2.29 2.07
8 �16.3 62.0 �1.26 2.07 1.97
9 �15.0 65.0 �1.20 1.91 2.07

10 �3.6 63.8 �1.22 0.46 2.03
Qq¼�1.2� 103 deg�1 T2mm tPSA

Prostate cancer
1 �42.3 75.16 �2.36 5.38 2.39 4.54
2 �26.4 54.80 �3.24 3.36 1.74 5.98
3 �20.0 74.40 �2.38 2.54 2.36 4.02
4 �15.4 57.40 �3.09 1.95 1.82 6.09
5 �9.5 44.73 �3.97 1.20 1.42 5.14
6 �7.4 74.41 �2.38 0.94 2.36 4.02
7 �6.4 28.08 �6.32 0.81 0.89 2.86
8 �5.9 38.60 �4.60 0.75 1.22 5.45
9 �2.8 49.30 �3.60 0.35 1.57 13.80

10 �2.2 39.68 �4.47 0.28 1.26 18.81
11 �1.4 29.40 �6.04 0.18 0.93 6.70

Qq¼�3.8� 103 deg�1 T2mm.

(�)�1¼ 1bB
2L/(�10�20)/15.7 degmm�3, (�)�n¼

(�)�1{nb/1b}, B¼ 20T, L¼ 5mm,
(þ)�n¼ 5(n�)/10

�20/15.7 degmm�3, Veff¼ 15.7mm3, tPSA prostate cancer marker (ngmL�1).
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The dextrorotatory (�þ, bexp>0) and laevorotatory (��, bexp<0) molecules subjected

to a magnetic field B and an optical field k rotate the polarization plane of the light

passing through a chiral medium by �(B2) deg. The �(B2) effect (equation (5))

is described by the ge5 and gm5 molecular polarizabilities tensors related to the electric

quadrupole and magnetic dipole transitions, respectively. From [9] we get the following

expression:

�ðB2Þ=B2L ¼ ð2�=�Þð�ge5 þ gm5Þ ð6Þ

Table 3. Magnetooptical characteristics of clinically diagnosed different patients. Quadratic magnetic
field-induced circular birefringence parameter bexp>0, effective natural optical activity �, assigned

neoplasmic change Q, density number (þ)�M and (þ)� of the magnetooptical active carriers in patient’s serum.

n 105 bexp 103� 10�3Q 10�18(þ)�Mn 10�18(þ)�n tPSA

Prostate inflammation
1 35.5 96.99 2.81 4.52 3.08 <5ngmL�1

2 34.1 59.40 4.59 4.34 1.89
3 19.7 52.13 5.23 2.50 1.66
4 16.7 54.98 4.96 2.12 1.75
5 14.1 31.39 8.69 1.79 0.99
6 7.2 58.92 4.63 0.91 1.87
7 6.6 72.73 3.75 0.84 2.31
8 4.3 75.81 3.60 0.54 2.41
9 1.2 64.76 4.21 0.15 2.06

Qq¼ 4.7� 103 deg�1 T2mm

(þ)�M1¼ 1bB
2L/(10�20)/15.7 degmm�3, (þ)�Mn¼

(þ)�M1{nb/1b}, B¼ 20T, L¼ 5mm,
(þ)�n¼ 5(n�)/10

�20/15.7 degmm�3, Veff¼ 15.7mm3, tPSA<5ngmL�1.

Healthy blood donors [4] Rh/group
1 38.0 64 2.63 4.84 2.03 0/�
2 30.0 49 3.43 3.82 1.55 B/�
3 20.0 62 2.71 2.54 1.97 0/�
4 19.0 57 2.95 2.42 1.81 A1/þ
5 16.4 75 2.24 2.08 2.32 B/þ
6 6.4 58 2.90 0.81 1.84 0/þ
7 5.0 66 2.55 0.63 2.10 A1/þ
8 2.4 64 2.63 0.30 2.03 B/�
9 2.0 62 2.71 0.25 1.97 A/�
10 1.6 56 3.00 0.20 1.78 0/þ

Qq¼ 2.7� 103 deg�1 T2mm

(þ)�M1¼ 1bB
2L/(10�20)/15.7 degmm�3, (þ)�Mn¼

(þ)�M1{nb/1b}, B¼ 20T, L¼ 5mm,
(þ)�n¼ 5(n�)/10

�20/15.7 degmm�3, Veff¼ 15.7mm3, Rh group.

Table 4. The Q value (in 103 deg�1 T2mm) assigned to particular type of neoplasmic changes.a

Ovarian cancer Prostate cancer Mammae cancer
�5.2 �3.8 �1.2
Prostate inflammation Healthy blood serum Rheumatic inflammation
4.7 2.7 0.7

aQ<0: ovarian, prostate and mammae cancer and of non-neoplasmic cases. Q>0: prostate inflammation, healthy blood.
serum, rheumatic inflammation.
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and from equation (5) we get

�ðB2Þ=B2L ¼ bð�Þ þ bðþÞ: ð7Þ

So, from equations (6) and (7):

ð2�=�Þð�ge5þ gm5Þ ¼ bð�Þ þ bðþÞ: ð8Þ

The blood serum biomolecules carrying the information on the neoplasmic changes

b(�)<0, in a strong magnetic field B and the optical field k, generate quadrupolar

electric transitions following from the multipolar optical polarizability of the (�)�
laevorotatory carriers and the dipolar magnetic transitions of the (þ)� dextrorotatory

carriers. Quadrupolar electric transitions determine the MOCB effect: �(B2)¼ b(�)B2L,

while the dipolar magnetic ones the effect: �(B2)¼ b(þ)B2L. From [9] we get the

following expressions for ge5 and gm5:

ge5 ¼
ð�Þ�ð2!=3Þ ð�0="0Þ

1=2 ð1Þ
e�

ð2Þmm
eð12Þð13Þ, ð9Þ

gm5 ¼
ðþÞ�ð�o="oÞ

1=2 ð1Þ
e �

ð1Þmm
m11ð22Þ, ð10Þ

where (�)� is the number of the laevorotatory molecules of the medium/matrix taking

part in the b(�)B2L effect, and (þ)� is the number of dextrorotatory molecules in the

medium/matrix taking part in the b(þ)B2L effect.
Also, from equation (8):

bð�Þ ¼ð�Þ�G��2 ð1Þ
e�

ð2Þmm
eð12Þð13Þ and bðþÞ ¼ðþÞ �K��1 ð1Þ

e�
ð1Þmm
m11ð22Þ ð11Þ

where: G¼ (8�2 c/3)(�o/"o)
½
¼ 9.7946� 1015 deg2 JA�2m s�2, c¼ 3� 108m s�1 and

K¼ 2� (�o/"o)
½
¼ 1.3603� 105 deg JA�2 s�1. For a non-chiral medium: (�)�¼ 0 and

(þ)�¼ 0 and from equations (9) and (10): ge5¼ gm5¼ 0 and from equations (7) and (8);

�(B2)¼ 0.
Therefore, for (þ)� 6¼ 0,

�ðB2Þ=B2L ¼ ð2�=�Þgm5, ð12Þ

while for (�)� 6¼ 0:

�ðB2Þ=B2L ¼ ð2�=�Þge5: ð13Þ

and the total �(B2) effect, induced by the (�)� 6¼ 0 and (þ)� 6¼ 0 carriers in the serum

sample is described (equation (11)) by the relation:

bð�Þ þ bðþÞ ¼ �ð�Þ�G��2Sq þ
ðþÞ�K��1Rq ð14Þ

where Sq and Rq, respectively, denote the tensors: ð1Þ
e �ð2Þmm

eð12Þð13Þ and
ð1Þ
e �ð1Þmm

m11ð22Þ, the electric

quadrupolar and the magnetic dipolar transition representations and contribution to

the effective experimental value of bexp¼ b(�)
þ b(þ).

Equation (14) permits an interpretation of the physics of the magnetooptical

effect observed in the serum from cancer patients and/or non-cancer cases.

The magnetooptical parameter characteristic of neoplasmic changes is bexp<0,

while for non-neoplasmic cases bexp is positive. Equation (14) is fulfilled by

assuming b(�)
¼�

(�)�G��2Sq and b(þ)
¼

(þ)�K��1Rq, where G��2
¼ 4.114� 1028,
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K��1
¼ 2.786� 1011 (�¼ 488� 10�9m). So, the numerical result (equation (14)) is:

b(�)
þ b(þ)

¼�4.114� 1028(�)�Sqþ 2.786� 1011(þ)�Rq.
For an experimental result bexp<0 the quadrupolar-electric contribution

(�4.114� 1028(�)�Sq) describes the effect of the neoplasmic changes while for serum
of non-neoplasmic case the dipolar magnetic (2.786� 1011(þ)�Rq) contribution holds
for the experimental result of bexp>0. This statement seems to be acceptable as for
bexp¼ 0, the overall contribution of the MOCB effect in serum (equation (7));
b(þ)

þ b(�)
¼ 0, implies that any case of bexp<0, compared to the equivalent state:

�4:114� 1028ð�Þ�Sq þ 2:786� 1011ðþÞ�Rq ¼ 0 ð15Þ

is a result of increasing b(�) and decreasing the density number (�)� in a serum
(see tables 2 and 3). For example, for a result of bexp>0 and/or of bexp<0, quantitative
calculations on the basis of equation (14) give: b(�)

¼�42.37� 10�2 degT�2m�1 for
(�)�¼ 1.03� 1027molmm�3 and S(q)¼ 10�56, while bexp¼�42.3� 10�2 deg T�2m�1

(cf table 2, n¼ 1, prostate cancer).
For the case of prostate inflammation: b(þ)

¼ 35.38� 10�2 degT�2m�1 for
(þ)�¼ 12.7� 1030molmm�3 and R(q)¼ 10�43, while bexp¼ 35.5� 10�2 degT�2m�1

(table 3, n¼ 1). The correlation between the values of bexp and the calculated b(þ)

and/or b(�) is reasonable.
So, the physical information carried by the (�)� carrier, which has not been identified

yet, is consistent with the analytical form of equation (14).
For human blood serum, the laevorotatory carriers with natural optical activity effect

�� is effectively compensated by the natural optical activity �þ of the dextrorotatory
carriers and the result of the serum natural optical activity �þ � ��. The natural
optical activity of serum samples is positive and �exp¼�L (tables 2 and 3) is of the
order of 10�3 deg (L¼ 5mm). For an optical effective volume Veff¼ 15.7mm3

of the serum sample a typical result (table 3, n¼ 1) is: �exp¼ 0.48 deg and the
value of (þ)�1 calculated on the basis of the natural optical activity of the
exemplary serum is: (þ)�1¼ 3.14� 1018molmm�3 where (þ)�1¼ 0.48/15.7/p.m.�0 and
p.m.�o¼ 10�20 degmol�1 is chosen from [3] as a normalized value. The
(þ)�1¼ 3.14� 1018molmm�3 is the calculated density number of dextrorotatory carriers
in the serum sample from a patient with prostate inflammation while calculated on
the MOCB data result: (þ)�M1¼ 1bB

2L/(10�20)/15.7 degmm�3
¼ 4.52� 1018molmm�3

is the density number of the dextrorotatory carriers effective in �(B2) excitation
(B¼ 20T, 1b¼ 35.5� 10�5 degT�2mm�1). For blood serum the parameters (�)�G��2Sq

and (þ)�)K��1Rq are responsible (equation (14)) for the result of b(�) and b(þ),
respectively. The neoplasmic status (bexp<0) can be detected by the MOCB technique
even for ð�Þ� �ðþÞ � as G��2

¼ 4.114� 1028 while K��1
¼ 2.786� 1011.

The MOCB effect directly yields the ratio (�)�n/
(�)�1 for a series experimental data

of nb/1b for different patients. The results (equations (5) and (14)) are:

ð�Þ�n=
ð�Þ�1 ¼ nb

ð�Þ=1b
ð�Þ

� �
S1ðqÞ=SnðqÞ ð16Þ

and for S1(q)¼S2(q)¼Sn(q) equation (16) yields:

ð�Þ�n=
ð�Þ�1 ¼ n b

ð�Þ=1b
ð�Þ, ð17Þ

the (�)�n/
(�)�1 ratio expressed by nb

(�) and 1b
(�) MOCB experimental data. The results

of the (�)�n¼
(�)�M1{nb

(�)/1b
(�)} calculation are given in table 2, and in table 3
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for (þ)�n and (þ)�M1 of prostate inflammation and healthy blood donors serum. Exact
values of (�)�1 and (�)�n densities of laevorotatory carriers in the neoplasmic serum
can be obtained from the experimental data Sn and (�)�1 of q-serum and/or for
neat enantiomers (e.g., for the 85% lactic acid laevorotatory enantiomer:
(�)�¼ 1.14� 1018mm�3 [3]).

Let us introduce the following relation:

Qq ¼ ð1=NÞ
XN

n¼1

Qn ð18Þ

where Qn¼ (1�/1b)/n�.
Results of Qq calculations for the serum samples from the patients with ovarian

cancer, mammae cancer and prostate cancer are given in table 2 (patients clinically
diagnosed, neoplasmic cases), prostate inflammation and healthy blood donors (table 3
non-neoplasmic cases, also clinically diagnosed). It should be pointed out that
magnetooptical Qq results for the neoplasmic cases permit a classification of different
neoplasmic changes according to the value of Qq. The present results of the MOCB
examination of some neoplasmic changes and their specific Qq values are given
in table 4. The result Qq<0 suggests the occurrence of neoplasmic changes information
carriers in human blood serum detectable by MOCB effect and Qq>0 relate to a
non-neoplasmic case.

5. Conclusions

The MOCB data suggest that the blood serum of cancer patients contains a stable
biomolecular structure generated by the disease and carrying the information on the
health status of the patient. The number of these biomolecules determines the intensity
of the MOCB signal.

This article presents a quantitative correlation between the experimental values of nb
and n� and the presence of neoplasmic changes q. The Qq parameter distinguishes
different disease status of patients.

The main source of information on the neoplasmic disease is the quadrupolar electric
transitions of biomolecules in the serum of the patient with a neoplasmic condition.
In the samples of blood serum of healthy patients or those after successful therapy,
bexp assumes positive values [6]. The appearance of metastasis is again signaled by
the negative values of the magnetooptical bexp result.

In the blood serum samples of the patients with the prostate inflammation and
rheumatic inflammation state, the magnetooptical bexp characteristic is positive
(bexp>0). Besides providing the values of bexp the magnetooptical measurements of
blood serum also permit determination of the Verdet constants characterizing the linear
(a) and non-linear (c) Faraday effect. However, these effects do not provide relevant
information for the analysis of the presence and development of a neoplasmic disease.
The negative value of the bexp measured for blood serum indicating the presence of
neoplasmic changes is not claimed to correspond only to neoplasmic diseases, it only
reports that such a relationship has been found for the examples studied. The results
of the study do not exclude that a negative value of bexp would indicate some other
diseases.
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