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Abstract

Ethanolic whole plant extract of Chelidonium majus, extensively used in traditional systems of medicine against various liver ailments,
has been tested for its possible anti-tumor, hepato-protective and anti-genotoxic effects in p-dimethylaminoazobenzene (p-DAB) induced
hepatocarcinogenesis in mice through multiple assays: cytogenetical, biochemical, histological and electron microscopical. Different sets
of mice, 5 (for 7, 15 and 30 days’ treatment) or 10 (for 60, 90 and 120 days) each, were chronically fed a diet suitably mixed with p-DAB
and phenobarbital to develop liver tumors. One sub-group of carcinogen fed mice was also fed C. majus extract; 0.1 ml daily (drug-trea-
ted) while the other equal amount of dilute ethyl alcohol (‘‘vehicle” of plant extract) (positive control). A separate group of mice was
maintained with normal diet without any carcinogen treatment (negative control). Data of several cytogenetical endpoints and bio-
chemical assay of some toxicity marker enzymes at all fixation intervals and histology of liver sections through ordinary, scanning
and transmission electron microscopy at 60 and 120 days and that of spleen and kidney at 90 days were critically analyzed in the treated
lots vis-a-vis controls. The results suggest anti-tumor, anti-genotoxic and hepato-protective effects of the plant extract, showing poten-
tials for use in cancer therapy.
! 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The uses of plant and plant materials for curing various
ailments have been known to the world since time imme-
morial (Suffiness and Douros, 1982) and gaining wide
acceptance by scientific community, particularly in view
of the toxic side-effects of most synthetic drugs. Chelidoni-
um majus L. (Papaveraceae), which is widely distributed in
Europe and Asia, is a plant of great interest for its wide use
in various diseases in European countries and in Chinese
herbal medicines. Extracts of C. majus are traditionally
used in various complementary and alternative medicine

(CAM) systems including homeopathy mainly in combat-
ing diseases of the liver (Taborska et al., 1995), stomach
(Kim et al., 1997) and various skin disorders. The crude
ethanolic extract has already been claimed to exhibit,
anti-inflammatory (Lenfeld et al., 1981), anti-viral (Kery
et al., 1987), anti-microbial (Colombo and Bosisio, 1996)
and anti-tumor effects (Panzer et al., 2000). On the other
hand, the role of Chelidonium extract in cancer is contro-
versial. Sokoloff, 1968 opined that their therapeutic use
was rather limited due to its high cytotoxicity. However,
to our knowledge, whether the homeopathically prepared
crude extract (mother tincture) of C. majus in therapeutic
(homeopathic) doses could really have any anti-tumor
effects, or for that matter any anti-clastogenic or anti-geno-
toxic effects against p-DAB induced toxicity in mice, had
not been tested earlier using multiple scientific assays,
except for a brief report made by us covering some part
of this work (Biswas andKhuda-Bukhsh, 2004). The present
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communication is intended to evaluate critically if the etha-
nolic extract of whole plant (C. majus) could be effective in
providing any anti-tumor, anti-hepatotoxic and anti-geno-
toxic activities in p-DAB induced hepatocarcinogenesis in
mice in vivo, as revealed from the analysis of various assay
systems, e.g. through cytogenetic endpoints like chromo-
some aberrations (CA), micronuclei (MN), andmitotic indi-
ces (MI) in bone marrow cells and sperm head anomaly
(SHA), through biochemical studies on the activities of some
marker enzymes like aspartate amino transferase (AST), ala-
nine amino transferase (ALT), acid (ACP) and alkaline
phosphatases (ALKP) and lipid peroxidation (LPO) in var-
ious tissues (liver, kidney and spleen), and through histolog-
ical studies of liver sections under ordinary, scanning and
transmission electronmicroscopies (TEM and SEM, respec-
tively), during azo dye induced hepatocarcinogenesis inmice
at different intervals of fixation.

2. Materials and methods

2.1. Materials

Adult, healthy mice, weighing between 18 and 22 g and maintained in
hygienic conditions (under supervision of the Animal Welfare Committee,
University of Kalyani, which also oversees ethical issues), with normal
food (made up of powdered wheat, gram and milk) without any other
animal/plant protein supplement and water ad libitum, were divided into
various sets of 5–10 mice each for each fixation interval: (i) Set-I. Mice
were maintained with normal diet without any kind of treatment (negative
control), (ii) Set-II. Second set of mice were fed with (0.06 ml) of 0.05% PB
(promoter) through gavage with the aid of a fine pipette, (iii) Set-III. Mice
were chronically fed p-dimethylaminoazobenzene (p-DAB, SIGMA, D-
6760) initiator @0.06% mixed with diet at a daily dose of 165 mg/kg bw
per mouse following the method of Daoust and Molnar (1964) and
Palekar and Sirsat (1966), (iv) Set-IV. Mice were chronically fed with p-
DAB as in Set-III along with 0.05% PB as mentioned in (ii), (v) Set-V Mice
were fed with p-DAB + PB as in previous sets along with 0.1 ml of dilute
(1:20 plant extract to distilled water) extract of C. majus (C) fed 1 h after
the feeding of PB daily, and (vi) Set-VI. Mice were fed chronically p-DAB
and PB plus 0.06 ml dilute (1:20 alcohol to distilled water) ethyl alcohol
(Alc, ‘‘vehicle” of the plant extract) (positive control). Different sets of
mice were sacrificed at six different intervals, namely, 7, 15, 30, 60, 90 and
120 days after various treatments. Randomized ‘‘placebo” controlled
method was adopted and the observers had been ‘‘blinded” during
observation so that they did not know whether they were looking at ‘‘drug
fed” or ‘‘placebo fed” mice till the codes were deciphered.

2.2. Preparation of the crude extract

Dried plant material (20 g) was macerated with 90% ethanol (450 ml)
for 5 days, filtered and the mare was exhaustively percolated with the same
solvent. Filtrate was evaporated to a thick residue at 50 "C. The yield of
the extract was 40%. The extract was re-suspended in 90% ethanol
(180 ml) and used for in vivo experiments.

2.3. Feeding procedure and dose

Eachmouse was fed 0.06 ml of either 0.05% PB or double distilled water
or drugwith the aid of a fine pipette as per requirement of a particular series.

2.4. Cytogenetic assay

The standard and widely practiced cytogenetic protocols like assays
of chromosome aberrations (CA), micronuclei (MN), mitotic index (MI)

and sperm head anomaly (SHA) have been adopted in the present
study.

Mice were intra-peritoneally injected with 0.025% colchicine @ 1 ml/
100 gm body weight 1 h and 30 min before sacrifice. Marrow of the femur
was flushed in 1% sodium citrate solution at 37 "C and fixed in acetic acid/
ethanol (1:3). Slides were prepared as described earlier (Biswas et al., 2004;
Biswas and Khuda-Bukhsh, 2005) the conventional flame drying tech-
nique followed by Giemsa staining for scoring bone marrow chromosome
aberrations. Chromosome aberrations of various nature have been pooled
into two categories: the ‘‘major” type comprising aberrations like breaks,
fragments, rings, etc. and the ‘‘other” types comprising less significant
aberrations like gaps, erosion, precocious centromeric separation, pyc-
nosis, stretching, etc.

For micronuclei (MN) preparation, a part of the suspension of bone
marrow cells in 1% sodium citrate was smeared on clean grease free slides,
briefly fixed in methanol and subsequently stained with May-Grunwald
followed by Giemsa as previously described (Biswas et al., 2004; Biswas
and Khuda-Bukhsh, 2005). Approximately 5000 bone marrow cells,
comprising both polychromatic erythrocytes (PCE) and normochromatic
erythrocytes (NCE) were scored and the ratios between PCE and NCE
ascertained.

The mitotic indices (MI) was assessed from the same slide that was
scanned for MN. The non-dividing and dividing cells were recorded and
their ratios calculated.

For sperm head anomaly (SHA), the technique of Wyrobek et al.
(1984) was adopted with minor modifications. The epididymis of testis of
control and treated sets was dissected out separately and its inner content
squeezed out into different vials with 10 ml of 0.87% normal saline,
thoroughly shaken, filtered through a silken cloth and dropped on grease
free clean slides. The slides were allowed to air dry and then stained by
dilute Giemsa (1 ml Giemsa in 10 ml distilled water).

2.5. Enzymatic assay

Mice were sacrificed and their liver, kidney and spleen, were quickly
harvested. The tissues were homogenized with cold 0.87% normal saline,
followed by centrifugation at 3000g for 20 min in cooling centrifuge (C24,
Remi Instruments). Before carrying out the enzymatic estimations the
quantitative estimation of total protein was made by the method of Lowry
et al. (1951). To 0.1 ml of the sample, 0.9 ml of 0.1(N) NaOH was added.
Then 5 ml of alkaline solution was added to the sample solution followed
by 0.5 ml of Folin-Phenol reagent and after 30 min the extinction was read
at 750 nm against appropriate blank in spectrophotometer (Shimadzu,
Double beam Spectrophotometer UV-180, Japan).

2.6. Estimation of mean activities of lipid peroxidation (LPO)

The LPO was estimated from the supernatant by the method of Buege
and Aust (1984). One milliliter of sample (homogenate containing 0.1–
0.2 mg of protein) was mixed thoroughly with 2 ml of TCA–TBA–HCl
(15% w/v TCA and 0.375% w/v TBA in 0.25 N HCl). The absorbance of
the sample was determined at 535 nm in a double beam spectrophotometer
against a suitable blank. The malonaldehyde concentration of the sample
was calculated by using extinction coefficient of 1.56 ! 105 M"1 cm"1.

2.7. Estimation of mean activities of aspartate amino transferase
(AST), alanine amino transferase (ALT)

For estimation of AST and ALT the methods of Bergmeyer and Brent
(1974) was followed with some minor modifications. For AST 0.1 ml of
tissue homogenate was made to react with 0.5 ml of the substrate solution
L-aspartate and was incubated for 60 min at 37 "C. This was followed by
addition of 0.5 ml of dinitrophenolhydrazine (DNPH) and then by 5.0 ml
0.4 N NaOH. The absorbance was measured at 510 nm.

For the analysis of ALT, 0.1 ml of tissue homogenate was made to
react with 0.5 ml of the substrate solution (L-alanine) and incubated for
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30 min at 37 "C. Rest of the procedure was same as that of ALT and the
absorbance was measured at 510 nm.

2.8. Estimation of mean activities of acid (ACP) and alkaline
phosphatases (ALKP)

For the study of ACP and ALKP, the method of Walter and Schutt
(1974) was followed. For ACP, 0.2 ml tissue homogenate 1 ml of acid
buffer was added to make the volume 1.2 ml. It was mixed and incubated
at 37 "C for 30 min. Then 2 ml of 0.1(N) NaOH was added. The absor-
bance was measured at 405 nm against the standard.

For ALKP activity, 0.05 ml homogenate was mixed with 2 ml alkaline
buffer so that the volume always stood at 2.05 ml. It was incubated at
37 "C for 30 min, then 10 ml of 0.05 N NaOH was added and the absor-
bance was measured at 405 nm against a blank.

2.9. Procedures for histology and electron microscopy

For preparation of histological slides, the routine technique of paraffin
sectioning of liver being the major target organ of p-DAB + PB was fol-
lowed up with haematoxylin–eosin staining at day 60 and day 120 only.

For SEM, liver samples (2–3 mm) were quickly isolated from the sacri-
ficed animals and kept in 2.5% Karnovskys fixative (4% paraformaldehyde
and 1% glutaraldehyde made in 0.1 M phosphate buffer pH 7.4) for 4–5 h.
The samples were then washed in 0.1 M phosphate buffer thrice after which
post fixationwas carried out in 1% osmium tetra-oxide for about two hours.
The samples were again washed with phosphate buffer and the dehydration
steps followed.Further the sampleswere driedbya critical point drier (CPD-
Biorad, Microscience Division, Warford England). Then the liver samples
were mounted on aluminium stubs with the help of two side adhesive tapes.
Gold coating of the samples was accomplished with the help of sputter
coater (Agar Sputter Coater,Model 198, Stansted, UnitedKingdom). After
gold coating the samples were observed under scanning electronmicroscope
(LEO, 435VP, United Kingdom).

For TEM, 1–2 mm liver sections were isolated immediately after sac-
rifice of mice and fixed in Karnovsky fixative at 4 "C for 4–5 h, secondary
fixation was followed in 1% v/v OsO4 (E Merck) for about 1 h at 4 "C in
dark. Dehydration and embedding were performed according to routine
procedures. Semi-thin sections (60–90 nm) were cut in ultramicrotome
(Reichert Jung-Ultracut E, United Kingdom) with the help of glass knives.
Then ultra-thin serial sections were stained with uranyl acetate and lead
citrate and observed under a Philips Microscope (TEM CM-10).

2.10. Statistical analysis

The significance test between different series of the data was conducted
by students’ t-test. Homogeneity of the different series was further ana-
lyzed by the Tukey one way ANOVA (Analysis of Variance) using SPSS
11.0 version. Groups indicated by *, ** or *** are significantly different.
Though tests were conducted for significance values for normal vs. PB or
normal vs. p-DAB, these were not included in the table as this would only
make it more cumbersome (Supplemental materials for these data). Since
we are more concerned with the differences between the drug fed series and
p-DAB + PB + Alc fed control (positive), these were highlighted.

3. Results

Liver nodules appeared in the form of pale reddish mul-
tiple nodules in mice generally after chronic feeding of p-
DAB + PB for 60 days or more. The number of mice in dif-
ferent series showing liver nodules on autopsy has been
shown in Table 1.

Normal metaphase plates from untreated mice generally
did not reveal many aberrations. However, various types of
chromosome aberrations of both major (Figs. 1.1–1.3) and
other types were encountered in some metaphase plates of
mice that received p-DAB + PB, p-DAB + PB + C and p-
DAB + PB + Alc. The total frequencies of aberration were
found to be the maximum in p-DAB + PB + Alc fed mice
as compared to normal controls followed by that of p-
DAB + PB fed series at all fixation intervals. p-
DAB + PB + C had comparatively less number of CA than
that of p-DAB + PB + Alc and p-DAB + PB at all fixation
intervals (p < 0.01, p < 0.001). However, in the mice fed
alone p-DAB or PB the total CA were found to be less than
p-DAB + PB and p-DAB + PB + Alc fed series at all fixa-
tion intervals. Therefore, while Chelidonium extract
appeared to show protective effect on CA frequencies,
Alc appeared to enhance them at all fixation intervals
(Table 2).

Data on the occurrence of micronuclei (MN) in poly-
chromatic PCE (Fig. 1.4) and normochromatic NCE
(Fig. 1.5) erythrocytes have been provided. The percent-
ages of micronuclei (MN) in p-DAB + PB + Alc were
highest at all fixation intervals followed by p-DAB + PB,
p-DAB, and PB fed series. However, the feeding of Chelid-
onium extract to the carcinogen fed mice appeared to
decrease the frequency of MN appreciably at all fixation
intervals (p < 0.05–p < 0.001) (Table 2).The mitotic indices
in p-DAB + PB + Alc, p-DAB + PB and p-DAB fed mice
increased steadily from day 7 to day 60 but fell down at
day 90 and then again rose at day 120. The treatment with
Chelidonium extract alongside p-DAB + PB reduced the
mitotic indices considerably (p < 0.01–p < 0.001). How-
ever, in the only PB fed series the MI increased from day
7 to day 90 but decreased at day 120 (Table 3) as compared
to normal control group.

There was an increase in the frequency of abnormal
sperm (SHA) (Fig. 1.6–1.7) in the p-DAB + PB fed series
as compared to normal controls. However, the frequency
of sperm head abnormality in p-DAB + PB + Alc was

Table 1
Table showing the number of mice with tumor incidence at different fixation intervals and in different series

No. of specimens 7 days 15 days 30 days 60 days 90 days 120 days

Normal 45 0/5 0/5 0/5 0/10 0/10 0/10
PB 45 0/5 0/5 0/5 0/10 1/10 2/10
p-DAB 45 0/5 0/5 0/5 5/10 6/10 7/10
p-DAB + PB 45 0/5 0/5 0/5 10/10 10/10 10/10
p-DAB + PB + C 45 0/5 0/5 0/5 5/10 4/10 4/10
p-DAB + PB + Alc 45 0/5 0/5 1/5 9/10 10/10 10/10

Ten mice were used per set for longer fixation intervals day 60, 90 and 120, and for shorter fixation intervals (day) 7, 15 and 30, 5 mice were used per set.

1476 S.J. Biswas et al. / Food and Chemical Toxicology 46 (2008) 1474–1487
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considerably higher than in p-DAB + PB fed series. On the
other hand, mice fed p-DAB + PB + C had considerably
less number of abnormal sperm heads (p < 0.001) (Table 3).

Lipid peroxidation in liver steadily rose from day 7 to
day 60 and fell down appreciably at day 90 and again
rose at day 120 in the PB, p-DAB, p-DAB + PB and p-
DAB + PB + Alc fed mice; however in the p-
DAB + PB + C fed mice the activity was much less as com-
pared to other series (p < 0.001), while in kidney of PB fed
series the activity rose from day 7 to day 60 but fell down at
day 90 and again rose at day 120. The LPO activity of p-
DAB + PB + Alc fed series of kidney and spleen tissues

rose from 7 day to 60 day and fell down at day 90 and
120, respectively. However, the general trend suggests that
lipid peroxidation was considerably reduced (p < 0.05–
p < 0.001) in p-DAB + PB + C fed mice at all fixation
intervals in liver, kidney and spleen (see Table 4).

The AST activities in three tissues of p-DAB + P-
B + Alc and p-DAB + PB fed mice were enhanced as com-
pared to normal controls at all fixation intervals
(p < 0.001). In contrast, in mice fed Chelidonium as well,
the AST activities of liver were found to be generally
decreased appreciably at different intervals of fixation
(p < 0.05–p < 0.001) except at day 60. However, in kidney
the AST activity was found to increase at day 30, 90 and
120 while in spleen the activity was much lower when com-
pared to p-DAB + PB + Alc and p-DAB + PB fed series.
However, Alc appeared to trigger an increase in AST activ-
ity when fed to p-DAB + PB fed mice (Table 5).

The chronic feeding of p-DAB + PB appeared to trigger
an increase in ALT activities (p < 0.001) in all the three tis-
sues. In contrast, Chelidonium extract feeding clearly
brought down the level of ALT in the carcinogen fed mice
in three tissues in most intervals of fixation (e.g. day 7, 15,
30, and 120 ) and some of them were highly significant
(p < 0.05–p < 0.001) (Table 6). However, feeding of Alc
to p-DAB + PB fed mice appreciably elevated the ALT
activities at day 7, 15 and 30, but were decreased at day
60 and 90 to rise again at day 120, especially in liver (see
Table 6). Interestingly, in the p-DAB + PB + Alc fed ser-
ies, the ALT activities were noticeably greater than in p-
DAB + PB + C fed series. In most fixation intervals, the
ALT activities were clearly less in p-DAB + PB + C fed
series as compared to p-DAB + PB fed series.

There was an increase in ACP activities of liver, kidney
and spleen in p-DAB + PB and DAB + PB + Alc fed mice
when compared to normal, PB and p-DAB fed series at all
fixation intervals. The simultaneous feeding of Chelidonium
extract appeared to generally bring down this elevated
activity to a considerable extent in most tissues at most
intervals of fixation (p < 0.01–p < 0.001), only with few
exceptions where the change was non-significant (Table
7). Similarly, Alc feeding clearly elevated further the ACP
activity in p-DAB + PB fed mice.

The same trend of elevation of ALKP activity in liver,
kidney and spleen of p-DAB + PB and p-DAB + PB + Alc
fed mice was noted at most fixation intervals when com-
pared to normal, only PB and p-DAB + PB + C fed series
(Table 8). The activity was appreciably reduced in p-
DAB + PB + C fed series at most fixation intervals and
in most tissues (p < 0.01–p < 0.001).

The chronic feeding of p-DAB + PB for 60 and 120
days, respectively, induced various changes in the histolog-
ical structure of liver in mice. There was indication of
excessive fibrosis of the hepatic parenchyma (Fig. 2); cells
were small largely proliferating and more than one nucleus
was present, Kupffer cells were more in number, vacuolated
cells were present in some cells and no cytoplasmic bound-
aries were evident. In the p-DAB + PB + C fed series,

Fig. 1.1. Representative photomicrograph of metaphase plate showing
break (B).

Fig. 1.2. Metaphase plate showing polyploidy.

Fig. 1.3. Metaphase plate showing aberration ring (R).
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however, the changes were to some extent less drastic. As
for example, there was loss of cytoplasmic materials from
almost all the cells but the nuclei were apparently intact;
the newly proliferated blood capillaries were not seen,
vacuolated cells were present but few in number, spaces
between adjacent cells were distinct (Fig. 3).

Generally the spleen was much larger in the pDAB + PB
and also in p-DAB + PB + Alc fed series as compared to
that of normal and p-DAB + PB + C fed series. The spleen
of p-DAB + PB + Alc showed a capsular fibrosis at the
periphery (Fig. 4) when compared to the normal control
group. Further, there was an increase in number and size
of giant cells in p-DAB + PB + Alc fed mice; on the other
hand, there seemed to be a definite relationship of red pulp
and white pulp at day 90 fixation interval in the spleen
sections of p-DAB + PB + C fed series (Fig. 5).

Histological sections of kidneys from mice treated with
p-DAB + PB + Alc revealed swelling in the epithelial cells
of the proximal tubules, granular degeneration, blood ves-
sels dilatation, tubular epithelium revealed varying degen-
erative changes including necrosis. Many foci appeared
ruptured, with remnants in the lumen. Few areas showed
swollen tubular epithelium; it obliterated the lumen, aggre-
gation of mononuclear cells with hyperchromatic nuclei
was seen around the blood vessels, glomeruli were swollen
and revealed increased cellularity (Fig. 6). Kidney sections
of mice treated with p-DAB + PB + C revealed the pattern
of lesions was graded as being mild to moderate in the
tubules and glomeruli; at certain foci, the changes were
mild with less cellularity and less swelling in the epithelium
showed normal histological picture (Fig. 7). The glomeruli
were spared and the interstitium free from infiltration by
chronic inflammatory cells in p-DAB + PB + C fed series
when compared to p-DAB + PB and p-DAB + PB + Alc
fed series.

In p-DAB + PB fed series at day 60 and day 120, vari-
ous changes in structure of liver were noticed. As for exam-
ple, fibrosis was evident at SEM level (Fig. 8). There was
tissue necrosis causing appearances of holes, scattered
RBCs were among the parenchymal tissue which suggest

Table 2
Mean distribution of major and other types of chromosome aberrations (CA), and micronuclei (MN) in different series of control and treated mice at
shorter fixation intervals of day 7, 15 and 30 and longer fixation day 60, 90 and 120

Fixation intervals in days 7 days 15 days 30 days

CA MN CA MN CA MN

Series
Normal 2.21 ± 0.49 0.14 ± 0.05 2.21 ± 0.58 0.14 ± 0.05 2.2 ± 0.37 0.14 ± 0.05
PB 3.26 ± 0.37 0.24 ± 0.06 4.22 ± 0.97 0.40 ± 0.05 6.0 ± 0.32 0.48 ± 0.05
p-DAB 5.41 ± 1.21 0.40 ± 0.03 6.23 ± 1.28 0.62 ± 0.15 7.8 ± 0.21 0.56 ± 0.09
p-DAB + PB 8.62 ± 0.98** 0.68 ± 0.06* 9.81 ± 0.80** 0.82 ± 0.13* 10.8 ± 0.58*** 1.06 ± 0.07*

p-DAB + PB + C 4.01 ± 1.30*** 0.50 ± 0.01*** 6.22 ± 0.20*** 0.72 ± 0.04** 7.0 ± 0.32*** 0.60 ± 0.01***

p-DAB + PB + Alc 10.40 ± 0.51 0.78 ± 0.10 10.8 ± 0.86 0.96 ± 0.14 12.4 ± 0.24 1.20 ± 0.20

60 days 90 days 120 days

Normal 2.82 ± 0.20 0.14 ± 0.02 2.8 ± 0.20 0.14 ± 0.02 2.8 ± 0.20 0.14 ± 0.02
PB 5.41 ± 0.25 0.24 ± 0.07 5.4 ± 0.40 0.62 ± 0.05 11.4 ± 0.25 0.64 ± 0.02
p-DAB 14.40 ± 3.72 0.74 ± 0.06 12.2 ± 0.58 1.04 ± 0.08 19.8 ± 0.66 0.60 ± 0.03
p-DAB + PB 15.81 ± 0.80 0.76 ± 0.04* 15.4 ± 0.68 1.20 ± 0.03* 21.6 ± 0.81*** 1.01 ± 0.03
p-DAB + PB + C 8.21 ± 0.20*** 0.70 ± 0.01* 9.0 ± 0.32*** 1.06 ± 0.02* 17.6 ± 0.98*** 0.54 ± 0.02***

p-DAB + PB + Alc 12.82 ± 0.37 0.84 ± 0.04 14.6 ± 0.40 1.40 ± 0.08 32.8 ± 3.13 1.04 ± 0.05

The different levels of statistical significances between any two given series have been designated by *, **, ***.
* p < 0.05.

** p < 0.01.
*** p < 0.001.

Fig. 1.4. Photomicrograph showing polychromatic erythrocytes with
micronucleus.

Fig. 1.5. Photomicrograph showing normochromatic erythrocytes with
micronucleus.
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breakdown of blood liver barrier, although hepatic cell
boundaries were recognizable. In the p-DAB + PB + C
fed series though the hepatic cells appeared to be unhealthy
there was an apparent decrease of necrosis. At day 120 in
p-DAB + PB fed series the newly generated cells were in
clusters and did not align in chords as seen in normal liver.
They had a smooth and circular contour, blood liver bar-
rier was not present and tissue necrosis was heavy and
hepatic boundaries were not intact. On the other hand,
the simultaneous feeding of Chelidonium extract apparently
indicates less drastic damage and even some recovery in
some structure. As for example, hepatic cells were arranged
in chords as found in normal liver but their numbers were
few; further, although sign of tissue necrosis was still evi-
dent, a few hepatic cells had intact boundaries indicative
of a recovery process going on as well (Fig. 9).

At both day 60 and day 120, in p-DAB + PB fed series
damage to intracellular organelles was evident under TEM
(Fig. 10). The mitochondria were small and numerous,
lipid droplets were present, nucleus round with dispersed
nucleoplasm, endoplasmic reticulum broken at places;

few Kupffer cells were activated. Correspondingly, the
damage appeared to be less drastic in the Chelidonium
fed series (Fig. 11). As for example, mitochondria were
fewer in number with distinct orientation of the cristae,
Kupffer cells were less activated. The endoplasmic reticu-
lum (ER) were broken at places, but these were not as con-
spicuous as in the p-DAB + PB fed series. Only a few
glycogen granules were evident, lipid droplets were present
but comparatively less in number than in the p-DAB + PB
fed series. There were large number of mitochondrias
which were small, condensed; loss of cristae was evident
(particularly at day 120) which probably indicated
decreased activity of some mitochondrial enzymes. In some
cases the mitochondria were swollen with abnormal orien-
tation of cristae; endoplasmic reticulum was largely bro-
ken, glycogen granules were absent, lipid droplets were
numerous, Kupffer cells were activated which might be
due to more secretions of lymphokines, lysosomes were
numerous, nucleus round with dispersed nucleoplasm. In
the p-DAB + PB + C fed series at day 120, endoplasmic
reticulum was broken at places but they were much less
when compared to p-DAB + PB fed series, few glycogen
granules were evident, lipid droplets were present but com-
paratively less than in the p-DAB + PB fed group, Kupffer
cells were less activated, mitochondria were few in number
but some had orientation of cristae more or less like the
normal.

4. Discussion

Chronic feeding of PB has been reported to have various
toxic effects and has also been shown to promote develop-
ment and growth of liver cancer in rodents when

Table 3
Mean distribution of mitotic indices (MI), and sperm head abnormality (SHA) in different series of control and treated mice at shorter fixation intervals of
day 7, 15 and 30 and longer fixation intervals of day 60, 90 and 120

Fixation intervals in days 7 days 15 days 30 days

MI SHA MI SHA MI SHA

Series
Normal 1.40 ± 0.07 0.94 ± 0.04 1.40 ± 0.07 0.94 ± 0.16 1.40 ± 0.07 0.94 ± 0.16
PB 1.66 ± 0.28 1.08 ± 0.25 1.56 ± 0.27 1.28 ± 0.25 1.90 ± 0.27 1.26 ± 0.16
p-DAB 2.44 ± 0.35 1.24 ± 0.16 2.30 ± 0.34 1.52 ± 0.09 2.94 ± 0.26 1.88 ± 0.11
p-DAB + PB 2.50 ± 0.22*** 1.46 ± 0.16* 2.66 ± 0.27* 1.96 ± 0.07*** 3.56 ± 0.21*** 2.14 ± 0.15**

p-DAB + PB + C 1.52 ± 0.05*** 1.06 ± 0.04*** 1.90 ± 0.05*** 1.58 ± 0.04*** 2.68 ± 0.09*** 1.72 ± 0.07***

p-DAB + PB + Alc 3.76 ± 0.08 1.92 ± 0.08 2.70 ± 0.03 2.14 ± 0.15 4.14 ± 0.08 2.46 ± 0.15

60 days 90 days 120 days

Normal 1.32 ± 0.17 0.44 ± 0.09 1.32 ± 0.17 0.44 ± 0.09 1.32 ± 0.17 0.44 ± 0.09
PB 2.10 ± 0.26 1.08 ± 0.09 3.58 ± 0.12 1.84 ± 0.11 2.66 ± 0.29 2.46 ± 0.018
p-DAB 5.30 ± 0.23 3.18 ± 0.66 5.60 ± 0.01 2.98 ± 0.02 7.74 ± 0.37 2.02 ± 0.04
p-DAB + PB 8.70 ± 0.32*** 3.30 ± 0.01*** 7.60 ± 0.12* 3.68 ± 0.12** 9.50 ± 0.11 2.60 ± 0.06***

p-DAB + PB + C 8.14 ± 0.19*** 2.40 ± 0.09*** 7.02 ± 0.16*** 3.14 ± 0.10*** 6.74 ± 0.09*** 1.90 ± 0.03***

p-DAB + PB + Alc 9.10 ± 0.13 3.56 ± 0.19 7.90 ± 0.12 4.48 ± 0.17 9.48 ± 0.05 3.40 ± 0.12

The different levels of statistical significances between two given series have been designated by *, **, ***.
* p < 0.05.

** p < 0.01.
*** p < 0.001.

Fig. 1.6-1.7. Sperm with abnormal head morphology.
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Table 4
Mean lipid peroxidation in (nM MDA/gm of tissue) in different tissues of control and treated mice at shorter fixation intervals of day 7, 15 and 30 and longer fixation intervals of day 60, 90 and 120

Fixation intervals in days 7 days 15 days 30 days
Lipid peroxidation activity (Activity ± S.E.) Lipid peroxidation activity (Activity ± S.E.) Lipid peroxidation activity (Activity ± S.E.)

Series Liver Kidney Spleen Liver Kidney Spleen Liver Kidney Spleen

Normal 9.0 ± 0.5 6.1 ± 0.8 10.1 ± 1.0 7.8 ± 1.5 5.4 ± 0.7 9.5 ± 0.8 6.9 ± 1.0 7.4 ± 0.9 9.4 ± 0.6
PB 22.3 ± 6.3 7.2 ± 0.1 15.1 ± 0.8 35.8 ± 1.8 20.6 ± 1.5 19.6 ± 4.6 45.7 ± 1.4 46.1 ± 3.6 59.7 ± 1.2
p-DAB 35.1 ± 0.3 43.1 ± 0.9 32.7 ± 0.4 58.4 ± 2.2 41.6 ± 0.3 43.1 ± 1.6 87.7 ± 1.5 50.2 ± 1.2 68.9 ± 0.5
p-DAB + PB 35.3 ± 1.7*** 39.5 ± 0.8*** 36.2 ± 1.1*** 57.7 ± 0.6*** 34.5 ± 4.1*** 33.8 ± 1.8*** 87.9 ± 2.9*** 54.4 ± 1.0*** 68.2 ± 0.8***

p-DAB + PB + C 24.2 ± 0.3* 23.8 ± 0.5* 19.4 ± 1.6** 12.7 ± 1.1*** 21.3 ± 5.0*** 23.6 ± 0.2*** 63.7 ± 1.2*** 38.9 ± 0.8*** 87.3 ± 1.7***

p-DAB + PB + Alc 43.1 ± 0.9 47.1 ± 0.5 41.6 ± 1.0 69.7 ± 0.2 31.5 ± 0.6 42.9 ± 6.4 69.0 ± 1.6 60.6 ± 1.3 90.0 ± 2.9

60 days 90 days 120 days

Normal 9.6 ± 0.2 7.9 ± 1.1 10.9 ± 1.2 9.1 ± 0.4 9.7 ± 1.2 10.7 ± 1.7 9.9 ± 0.84 10.2 ± 1.2 12.1 ± 1.0
PB 26.7 ± 3.7 47.8 ± 3.7 31.2 ± 3.1 47.9 ± 0.6 39.9 ± 3.2 64.9 ± 1.2 68.5 ± 2.87 68.4 ± 0.3 63.6 ± 5.5
p-DAB 80.4 ± 12.4 58.6 ± 0.9 71.5 ± 1.6 65.3 ± 2.3 38.8 ± 0.6 76.7 ± 1.2 78.9 ± 0.38 93.3 ± 1.2 63.3 ± 0.2
p-DAB + PB 101.1 ± 1.5*** 70.3 ± 2.1*** 74.5 ± 1.3*** 67.8 ± 5.1*** 45.2 ± 1.7*** 71.0 ± 0.7*** 97.5 ± 0.41*** 92.4 ± 0.7*** 63.8 ± 0.5***

p-DAB + PB + C 55.4 ± 3.2*** 52.3 ± 1.0*** 56.6 ± 8.9*** 47.1 ± 0.8*** 37.6 ± 7.5*** 60.3 ± 2.0*** 38.8 ± 2.64*** 59.1 ± 0.7*** 32.3 ± 0.2***

p-DAB + PB + Alc 82.3 ± 1.9 78.2 ± 0.6 90.1 ± 2.1 94.6 ± 5.6 51.9 ± 3.2 78.2 ± 0.4 69.3 ± 0.75 68.9 ± 1.4 43.6 ± 0.7

The different levels of statistical significances between two given series have been designated by *, **, ***.
* p < 0.05.
** p < 0.01.
*** p < 0.001.

Table 5
Mean activities of aspartate aminotransferase (AST) in mM/min/mg in different tissues of control and treated mice at shorter fixation intervals of day 7, 15, 30 and longer fixation intervals of day 60, 90 and 120

Fixation intervals in
days

7 days 15 days 30 days
Aspartate aminotransferase (Activity ± S.E.) Aspartate aminotransferase (Activity ± S.E.) Aspartate aminotransferase (Activity ± S.E.)

Series Liver Kidney Spleen Liver Kidney Spleen Liver Kidney Spleen

Normal 0.08 ± 0.01 0.16 ± 0.02 0.06 ± 0.01 0.08 ± 0.01 0.11 ± 0.03 0.05 ± 0.01 0.05 ± 0.01 0.04 ± 0.01 0.04 ± 0.04
PB 0.31 ± 0.01 0.56 ± 0.04 0.21 ± 0.02 0.51 ± 0.01 0.55 ± 0.03 0.22 ± 0.02 0.72 ± 0.01 0.47 ± 0.01 0.26 ± 0.04
p-DAB 0.64 ± 0.03 0.66 ± 0.002 0.16 ± 0.01 1.18 ± 0.02 0.76 ± 0.02 0.44 ± 0.01 1.04 ± 0.01 1.25 ± 0.01 0.84 ± 0.01
p-DAB + PB 0.53 ± 0.01*** 0.41 ± 0.06*** 0.44 ± 0.01*** 0.69 ± 0.01*** 0.97 ± 0.01*** 0.44 ± 0.13*** 1.20 ± 0.01*** 3.21 ± 0.02*** 0.41 ± 0.00***

p-DAB + PB + C 0.34 ± 0.002*** 0.36 ± 0.05** 0.23 ± 0.004*** 0.28 ± 0.01*** 0.75 ± 0.002** 0.48 ± 0.01n 0.84 ± 0.02*** 1.55 ± 0.04*** 0.21 ± 0.04***

p-DAB + PB + Alc 0.53 ± 0.01 0.38 ± 0.01 0.30 ± 0.004 0.78 ± 0.01 1.24 ± 0.01 0.45 ± 0.01 1.28 ± 0.003 1.07 ± 0.01 0.35 ± 0.00

60 days 90 days 120 days

Normal 0.07 ± 0.01 0.06 ± 0.03 0.06 ± 0.01 0.07 ± 0.01 0.06 ± 0.01 0.11 ± 0.03 0.05 ± 0.004 0.05 ± 0.01 0.03 ± 0.00
PB 0.70 ± 0.02 0.42 ± 0.04 0.19 ± 0.04 0.34 ± 0.01 0.33 ± 0.02 0.32 ± 0.004 0.37 ± 0.01 0.36 ± 0.01 0.26 ± 0.03
p-DAB 0.60 ± 0.01 0.54 ± 0.004 0.55 ± 0.01 1.72 ± 0.02 0.66 ± 0.01 0.42 ± 0.01 0.68 ± 0.01 0.80 ± 0.003 0.47 ± 0.003
p-DAB + PB 0.54 ± 0.01*** 1.18 ± 0.01*** 0.19 ± 0.004*** 0.77 ± 0.01*** 0.88 ± 0.02*** 0.41 ± 0.03* 0.87 ± 0.001*** 0.79 ± 0.001*** 0.33 ± 0.002***

p-DAB + PB + C 1.09 ± 0.02*** 0.68 ± 0.01*** 0.23 ± 0.002n 0.65 ± 0.01*** 1.47 ± 0.02*** 0.37 ± 0.01* 0.49 ± 0.002*** 0.71 ± 0.002* 0.26 ± 0.002*

p-DAB + PB + Alc 0.79 ± 0.03 1.06 ± 0.01 0.22 ± 0.003 0.67 ± 0.02 0.99 ± 0.03 0.54 ± 0.06 0.76 ± 0.003 0.68 ± 0.003 0.43 ± 0.004

The different levels of statistical significances between two given series have been designated by *, **, ***.
n denotes non significant.
* p < 0.05.
** p < 0.01.
*** p < 0.001.
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Table 6
Mean activities of alanine aminotransferase (ALT) in mM/min/mg in different tissues of control and treated mice at shorter of day 7, 15, 30 and longer fixation intervals of 60, 90 and 120 days

Fixation intervals in
days

7 days 15 days 30 days
Alanine aminotransferase (Activity ± S.E.) Alanine aminotransferase (Activity ± S.E.) Alanine aminotransferase (Activity ± S.E.)

Series Liver Kidney Spleen Liver Kidney Spleen Liver Kidney Spleen

Normal 0.03 ± 0.01 0.03 ± 0.01 0.03 ± 0.003 0.03 ± 0.006 0.03 ± 0.004 0.04 ± 0.004 0.04 ± 0.01 0.04 ± 0.003 0.04 ± 0.01
PB 0.33 ± 0.13 0.03 ± 0.01 0.13 ± 0.02 0.26 ± 0.01 0.08 ± 0.02 0.09 ± 0.01 0.41 ± 0.03 0.05 ± 0.01 0.06 ± 0.01
p-DAB 0.64 ± 0.03 0.66 ± 0.02 0.16 ± 0.005 0.93 ± 0.01 0.15 ± 0.002 0.11 ± 0.002 0.76 ± 0.01 0.17 ± 0.04 0.25 ± 0.003
p-DAB + PB 0.53 ± 0.01*** 0.41 ± 0.06*** 0.44 ± 0.01*** 0.48 ± 0.002*** 0.19 ± 0.004 0.09 ± 0.004* 0.81 ± 0.01*** 0.42 ± 0.01*** 0.15 ± 0.003***

p-DAB + PB + C 0.34 ± 0.002*** 0.36 ± 0.05*** 0.23 ± 0.004*** 0.22 ± 0.004*** 0.14 ± 0.06* 0.09 ± 0.003** 0.45 ± 0.003*** 0.14 ± 0.004*** 0.05 ± 0.002***

p-DAB + PB + Alc 0.53 ± 0.01 0.38 ± 0.01 0.30 ± 0.004 0.78 ± 0.01 1.24 ± 0.01 0.45 ± 0.01 0.84 ± 0.01 0.16 ± 0.002 0.15 ± 0.14

60 days 90 days 120 days

Normal 0.06 ± 0.01 0.04 ± 0.01 0.04 ± 0.01 0.04 ± 0.004 0.03 ± 0.002 0.04 ± 0.005 0.03 ± 0.01 0.04 ± 0.01 0.03 ± 0.004
PB 0.47 ± 0.02 0.19 ± 0.03 0.08 ± 0.01 0.35 ± 0.01 0.13 ± 0.003 0.13 ± 0.001 0.29 ± 0.004 0.07 ± 0.003 0.07 ± 0.01
p-DAB 0.45 ± 0.01 0.09 ± 0.01 0.16 ± 0.01 1.33 ± 0.01 1.36 ± 0.01 0.12 ± 0.004 0.55 ± 0.002 0.17 ± 0.01 0.14 ± 0.003
p-DAB + PB 0.55 ± 0.04*** 0.19 ± 0.01*** 0.06 ± 0.002*** 0.61 ± 0.01*** 0.19 ± 0.01*** 0.12 ± 0.003*** 0.69 ± 0.01*** 0.18 ± 0.004*** 0.11 ± 0.003***

p-DAB + PB + C 0.70 ± 0.02*** 0.10 ± 0.01* 0.05 ± 0.002 0.67 ± 0.01 0.14 ± 0.01 0.11 ± 0.004 0.39 ± 0.07*** 0.13 ± 0.004* 0.07 ± 0.003***

p-DAB + PB + Alc 0.55 ± 0.01 0.19 ± 0.01 0.06 ± 0.003 0.49 ± 0.01 0.22 ± 0.02 0.17 ± 0.01 0.61 ± 0.002 0.16 ± 0.002 0.15 ± 0.004

The different levels of statistical significances between two given series have been designated by *, **, ***.
* p < 0.05.

** p < 0.01.
*** p < 0.001.

Table 7
Mean activities of acid phosphatase (ACP) in mM phenol liberated/100 mg protein after 30 min of incubation at 37 "C in different tissues of control and treated mice at shorter and longer fixation
intervals of day 7, 15, 30, 60,90 and 120

Fixation intervals in
days

7 days 15 days 30 days
Acid phosphatase (Activity ± S.E.) Acid phosphatase (Activity ± S.E.) Acid phosphatase (Activity ± S.E.)

Series Liver Kidney Spleen Liver Kidney Spleen Liver Kidney Spleen

Normal 0.04 ± 0.01 0.08 ± 0.004 0.10 ± 0.01 0.09 ± 0.003 0.09 ± 0.01 0.09 ± 0.01 0.08 ± 0.01 0.08 ± 0.01 0.09 ± 0.01
PB 0.17 ± 0.05 0.12 ± 0.01 0.19 ± 0.06 0.29 ± 0.02 0.16 ± 0.03 0.35 ± 0.02 0.19 ± 0.02 0.43 ± 0.05 0.56 ± 0.06
p-DAB 0.42 ± 0.01 0.57 ± 0.002 0.65 ± 0.002 0.47 ± 0.02 0.63 ± 0.01 0.61 ± 0.004 0.66 ± 0.001 0.71 ± 0.01 0.99 ± 0.01
p-DAB + PB 0.74 ± 0.02*** 0.76 ± 0.003*** 0.86 ± 0.001*** 0.73 ± 0.02*** 0.78 ± 0.01*** 0.78 ± 0.01*** 0.85 ± 0.001*** 0.72 ± 0.002*** 0.78 ± 0.04***

p-DAB + PB + C 0.52 ± 0.001*** 0.39 ± 0.00*** 0.30 ± 0.004*** 0.44 ± 0.03*** 0.46 ± 0.01*** 0.46 ± 0.004*** 0.36 ± 0.02*** 0.51 ± 0.01*** 0.41 ± 0.03***

p-DAB + PB + Alc 0.74 ± 0.01 0.77 ± 0.01 0.85 ± 0.003 0.79 ± 0.002 0.79 ± 0.001 0.82 ± 0.002 0.74 ± 0.01 0.98 ± 0.01 0.93 ± 0.01

60 days 90 days 120 days

Normal 0.06 ± 0.01 0.08 ± 0.01 0.11 ± 0.01 0.09 ± 0.01 0.95 ± 0.003 0.10 ± 0.01 0.11 ± 0.01 0.09 ± 0.01 0.11 ± 0.01
PB 0.58 ± 0.03 0.38 ± 0.02 0.98 ± 0.05 0.26 ± 0.02 0.22 ± 0.002 0.54 ± 0.004 0.44 ± 0.11 0.29 ± 0.04 0.38 ± 0.05
p-DAB 0.89 ± 0.01 1.05 ± 0.01 1.14 ± 0.01 0.68 ± 0.01 0.82 ± 0.03 1.14 ± 0.02 1.05 ± 0.002 0.71 ± 0.01 1.01 ± 0.01
p-DAB + PB 0.82 ± 0.01*** 1.29 ± 0.01*** 1.52 ± 0.01*** 0.73 ± 0.18*** 0.64 ± 0.01*** 0.60 ± 0.01*** 1.1 ± 0.001*** 0.82 ± 0.002*** 0.75 ± 0.01***

p-DAB + PB + C 0.71 ± 0.01** 0.65 ± 0.02*** 0.66 ± 0.01*** 0.49 ± 0.02*** 0.48 ± 0.01*** 0.65 ± 0.03*** 0.40 ± 0.01*** 0.60 ± 0.004*** 0.56 ± 0.01***

p-DAB + PB + Alc 1.02 ± 0.01 1.09 ± 0.04 1.44 ± 0.02 1.44 ± 0.13 0.79 ± 0.04 1.58 ± 0.02 0.69 ± 0.002 0.64 ± 0.01 0.75 ± 0.01

The different levels of statistical significances between any two given series have been designated by **, ***.
** p < 0.01.
*** p < 0.001.
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administered subsequent to feeding of an initiating carcin-
ogen like p-DAB or DEN (Kitagawa and Sugano, 1977;
Manjeswar et al., 1994; Aydinlik et al., 2001; IARC,
2001; Biswas and Khuda-Bukhsh, 2004; Pathak and
Khuda-Bukhsh, 2007). However, while the chronic feeding
of only p-DAB for a very long time 45–61 weeks (Akama-
tsu and Ikegami, 1968) has been reported to induce liver
tumors, chronic feeding of PB alone has not been reported
to produce such tumors. p-DAB fed alone for a long time
in mice also produced elevated frequencies of CA and
MN (Biswas et al., 2005; Biswas and Khuda-Bukhsh,
2005). However, while PB has been reported not to increase
SCE significantly in mono therapy of human patients
(Schaumann et al., 1989), Bellini et al. (2003) reported
enhancement of SCE in vivo and CA and MN in mice
(Biswas et al., 2004). But the chronic feeding of both p-
DAB (initiator) and PB (promoter) has been successfully
used to develop liver tumors (and subsequently cancer)
by some earlier authors (Nesn et al., 1987; IARC, 2003;
Biswas and Khuda-Bukhsh, 2005; Pathak and Khuda-
Bukhsh, 2007) and a concomitant increase in both CA
and MN has been reported presumably as a fall out of
tissue damage and necrosis of liver tissue during the
carcinogenetic process (Biswas and Khuda-Bukhsh, 2002,
2004; Pathak and Khuda-Bukhsh, 2007).

On the other hand, earlier cytogenetic studies conducted
on chronic feeding of ethanol demonstrated only a non-sig-
nificant increase in chromosomal aberration frequency and
mitotic index in rat (Tavares et al., 2003). However, in
some other studies (Biswas and Khuda-Bukhsh, 2002) it
was shown that when alcohol was fed to mice alongside
the carcinogens, p-DAB and PB, there was some degree
of additional damage observed in all the cytogenetical
and biochemical parameters of study, as has also been con-
firmed in the present study when the data of p-DAB + PB
were compared with that of p-DAB + PB + Alc fed series.
However, interestingly enough, when the homeopathic
remedy prepared in ethyl alcohol vehicle was administered,
the effect of the alcohol vehicle was not discernible, only
the ameliorative effect of the remedy was demonstrable.

In the present study, chronic feeding of p-DAB + PB to
mice for 60 days or more induced the formation of liver
nodules in majority of mice (Table 1). It is well known that
feeding of carcinogenic azo dye produces liver damage fol-
lowed by regeneration of parenchymal cells, proliferation
of bile ducts and connective tissue, and at later stages
tumors develop from liver parenchyma that end up with
neoplastic characteristics. The effects of azo dyes in early
and advanced stages of hepatocarcinogenesis have been
extensively studied earlier (Caballero et al., 2001). It is gen-
erally accepted that covalent binding of the metabolites of
p-DAB (e.g. MAB, AAB, etc.) with DNA is a major carcin-
ogenic factor (Ohnishi et al., 2001). This may be the main
reason for the induction of various chromosome aberra-
tions in the carcinogen fed series. Additionally, PB may
also have cumulative effect by increasing reactive oxygen
species and inducing oxidative stress (Klaunig et al., T
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1998) in bringing about such DNA damage. The occur-
rence of several chromatid type breaks at longer intervals
might indicate that the carcinogens possibly acted after
reproduction of chromosomes and or at G2 phases of the
cell cycle. The other aberrations may be due to secondary
toxic effect or due to the existence of some weaker spots
on the chromosomes.

Micronucleus provides an indirect measurement of the
induction of structural CA’s. These are small chromatin
containing bodies arising from the chromosomes that
failed to incorporate into daughter nuclei following mito-
sis. The retention of MN could be attributed to the p-
DAB + PB treatment during a recent cell cycle because

MN was normally extruded along with the main nucleus.
The significant increase in the incidence of MN following
p-DAB + PB administration could possibly be due to both
spindle poisoning and clastogenic effects of these carcino-
gens. On the other hand, administration of C. majus extract
in carcinogen fed mice showed a considerable decrease in
the frequencies of both CA and MN. Incidentally, crude
extracts of various parts like root, shoot and leaves have
been reported to have several benzophenanthridine alka-
loids, such as, sanguinarine, chelidonine, chelerythrine,
berberine, coptisisine, etc. It was not known if a particular
alkaloid or the conjoint action of a few or all the alkaloids
were responsible for the ameliorating effect. Chelidonium

Fig. 2–7. Representative photomicrographs of histological sections: of liver of p-DAB + PB fed mice showing proliferating cells (*) and excessive fibrosis
(Fig. 2), of p-DAB + PB + C fed mice (Fig. 3), of spleen of p-DAB + PB + Alc fed mice showing capsular fibrosis in periphery (Fig. 4) and that of p-
DAB + PB + C fed mice (Fig. 5); of kidney of p-DAB + PB + Alc fed mice showing massive tubular necrosis (Fig. 6) and that of p-DAB + PB + C fed
mice (Fig. 7); magnification 40 ! 10.
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extract showed some protective ability on spindle poison-
ing as well. However, the mechanism of action remains
unknown. Wolff and Knipling (1993) suggested that chelid-
onine, one of the alkaloids present in C. majus, might inhi-
bit microtubule polymerization and cause a mitotic block.
This may be one of the reasons why the mitotic index was
found to decrease in the p-DAB + PB + C fed series. Inter-
estingly, even micro-doses of two ultra-high dilutions of
this homeopathic drug, namely, Chelidonium 30 and Che-
lidonium 200, were also found to have ameliorating effect
on p-DAB induced hepatocarcinogenesis in mice (Biswas
and Khuda-Bukhsh, 2002).

An increasing number of sperm head abnormalities were
also observed in the p-DAB + PB fed mice along with lapse
of time which apparently indicates cytotoxic effect of the
carcinogens manifested in the germinal cells as well. In gen-
eral, mutagens that affect germ cells are also known to have
spermatotoxic effects in mice (Topham, 1980). Evenson
et al. (1986) demonstrated that such spermatotoxic effect
might be due to alteration of testicular DNA and sperm
chromatin structure. The feeding of C. majus extract
showed that it could combat the spermatotoxic effects to
some extent. As benzophenanthridine alkaloids have
marked nucleophilic properties, they might intercept the
reactive metabolites; thereby preventing their attack on

nucleophilic sites on DNA, and hence blocking adduct for-
mation (Vavreckova et al., 1996a,b). Further it has been
suggested that many enzymatic functions are essential for
the normal integrity and function of testis i.e. synthesis,
development and maintenance of normal sperm. Therefore,
the protective role of C. majus on sperm head observed in
the present study could also be attributed to its regulatory
effect on protein metabolism and repair activities in the
germinal cells.

In cellular peroxidation states the intracellular concen-
tration of activated forms of oxygen is increased, presum-
ably because cells either overproduce reactive substances
or are deficient in their ability to destroy them and the bio-
logical consequences are mutations. It is well known that
active oxygen species generated by xenobiotics interact
with unsaturated fatty acids to initiate LPO, which is a
major factor influencing the breakdown and turnover of
bio-membrane. The elevated LPO is an indication of
increased mitochondrial respiration which is the important
source of active oxygen. So with the increase in time after
p-DAB + PB insult, there was an increase in LPO activity.
This would indicate the possibility of free electron leakage
which, in turn, probably caused enhanced toxicity.

However, there was somewhat erratic response in the
activity of some values of lipid peroxidation, and to some

Fig. 8–11. Representative photomicrographs of liver sections of p-DAB + PB fed mice under SEM showing scattered RBCs and tissue necrosis causing
appearances of holes. Magnification: 1.00 KX (Fig. 8) and that of p-DAB + PB + C fed mice showing less drastic damage though the hepatic cells looked
unhealthy and had intact boundary (Fig. 9). Magnification: 1.00 KX. Representative photomicrographs of sections liver of p-DAB + PB fed mice under
TEM showing broken endoplasmic reticulum (ER), numerous mitochondria (M) (Fig. 10) and that of p-DAB + PB + C fed mice showing less drastic
damage to liver and number of mitochondria was less and ER were more or less continuous (Fig. 11). Bar represents 40 lM.
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extent in regard to other biomarkers as well, in the different
tissues like liver, kidney and spleen of chronic carcinogen
plus ethanol treated mice at some of the fixation intervals,
particularly noticeable at day 120, the reason for which
could not be properly understood. One hypothesis to
explain this could be that the chronic feeding of ethanol
led to its conversion to aldehyde after intake, which might
interfere with the transfer of methyl groups (affecting func-
tion of ALT and AST) and thereby might contribute to
alteration of gene expression (Seitz and Stickel, 2006).
Alternatively, the metabolic products of p-DAB (e.g.
MAB, AAB) and also of PB, might form adducts to parts
of DNA, thereby obstructing/modifying activities of such
genes that regulate the synthesis of the different enzymes
studied. The plant extract of Chelidonium could in some
way either interfere with the adduct formation or else
had further modifying effects to clear these DNA of the
products of the carcinogens by some unknown way. How-
ever, there were changes in the toxicity marker enzymes in
liver, spleen and kidney during the carcinogenetic process,
though not at the same scale, a fact which is somewhat dif-
ficult to explain. However, one hypothesis to explain it
could be that the release of the transaminases in serum of
liver by the tissue destruction and necrosis, the primary tar-
get organ of the carcinogens being liver, could also affect
AST and ALT levels in spleen (hemopoetic tissue) and kid-
ney (excretory tissue always in contact with blood).
Changes in these enzymes in different organs have also
been reported by some earlier workers in some experimen-
tally treated birds (Fowler, 1970) and in small mammals
(Coles et al., 1980) although high ALT is generally consid-
ered specific for liver damage. Interestingly enough,
although the carcinogens caused greater damage to liver,
they also caused different degrees of tissue damage to all
three organs as observed in the histological preparations,
presumably as a secondary effect of the carcinogens.

Another possibility can not also be ruled out. It is
known that ethanol-induced cytochrome P-450 2E1 pro-
duces various reactive oxygen species, leading to the forma-
tion of lipid peroxides such as 4-hydroxy-nonenal.
Furthermore, alcohol impairs the antioxidant defense sys-
tem, resulting in mitochondrial damage (as also found in
the present study) and apoptosis. Chronic alcohol exposure
is also known to elicit hepatocyte hyper-regeneration due
to the activation of survival factors and interference with
retinoid metabolism (Seitz and Stickel, 2006).

Alternatively, there could be some other possible expla-
nations. As for example, anti-inflammatory effect of Che-
lidonium has been reported by Kim et al. (1997). This
effect could be due to its influence on the immune system,
oxygen radicals and tissue turn over. Earlier, Kim et al.
(1993) suggested that the main mechanism of benzophe-
nanthridine alkaloids for interaction with various cellular
targets could be due to the reaction of the minimum bond
with nucleophiles. It might be possible that the inhibitory
action of the Chelidonium extract may be due to nucleo-
philic attack by SH groups of the enzymes on the minimum

moiety of the benzophenanthridine alkaloids. A similar
inhibition has been reported on ALT by sanguinarine
(Walterova et al., 1981). Alternatively, the liver dysfunc-
tion was thought to be due to a direct toxic action of one
of the metabolites of p-DAB on liver (Timbrell, 1991)
and inhibitory action of the extract is believed to be due
to scavenging of the intermediate radicals that are formed
within the active site of the enzyme. Stimulatory effect of
Chelidonium has been reported on bile acid independent
flow in isolated perfused rat liver (Vahlensieck et al.,
1995). However, further in-depth studies are warranted to
understand some other aspects of the mechanism of action
of the plant extract in showing positive amelioration of p-
DAB induced hepatocarcinogenesis. Our present observa-
tion of decreased ALT and AST in different tissues of p-
DAB + PB + C fed mice corroborated well with those of
Kosina et al. (2004) whose experiments were on pigs. His-
tological studies of liver tissues also revealed some preven-
tive/recovery effects of Chelidoinum extract against p-DAB
induced liver damage. Incidentally, Panzer et al. (2000)
reported that chelidonine and protopine, the principal
alkaloids of the Chelidonium plant extract had immense
therapeutic values in cancer, a view which is also validated
in the present study.

The obtained results provide ample evidences for the
potential of this plant extract in combating liver tumors
and ameliorating hepato-toxicity in mice, a mammalian
model. Therefore, the ability of this drug in producing sim-
ilar anti-tumor, anti-clastogenic and hepato-protective
effects in human, which has a similar genome, is a possibil-
ity and it has a potential for use as a supporting palliative
medicine in cancer therapy. More in-depth research on this
plant towards development of specific drug against specific
liver ailments may be rewarding, particularly in view of cer-
tain plant extracts showing potentials of CAM for use in
cancer therapy (Bruss, 2000; Balzarini et al., 2000; Richard-
son and Straus, 2002; Khuda-Bukhsh, 2003, 2006; Pathak
et al., 2006, 2007).
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