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ABSTRACT

Alkaloids of the aerial parts of chelidonium were extracted in the salt
form, and their agueous solutions were prepared in different concentrations.
Rat hepatocytes were obtained by liver perfusion. The alkaloidal solutions
were added to suspensions of hepatocytes in petri dishes and the mixtures
were incubated. Two types of controls have been used; in one type. no
alkaloidal extract was added to the media, and in the other, alkaloidal extract
of datura which has no cytotoxic activity was added to the hepatocytes.
Intracellular LDH activity as well as the activity of leaked LDH into the
media, the glucose uptake by the cells, and the glycogen contents of the cells
were determined after incubation.

The results indicate that (.05 ml of the alkaloidal solution of chelidonium
has no detectable effect on LDH activity during a 240 minute incubation
period. With (0.1 ml doses, detectable changes were observed only after 240
minutes of incubation. When 0.2 ml doses were used, the intracellular LDH
activity was lowered by 3.23,6.79 and 30.8Y percent after 60,120 and 240
minutes of incubation respectively, as compared with the controls. The activ-
ity of leaked LDH into the media
duration of incubation was increased. Determination of glucose in different
media showed that the uptake of this sugar by the hepatocytes incubated with
chelidonium decreased as the dose and incubation periods increased. On the
other hand, as the glycogen content of the hepatocytes incubated with
chelidonium was the sume as that of the controls, we believe that the hepato-
cytes lost their viability in the presence of chelidonium-derived cytotoxic
alkaloids.
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INTRODUCTION out Europe, Western  Asia, and North Africa. with a
preference for rubble.!? In Iran. it grows in the northern
Chelidonium majus L. (Fam. : Papaveraceae) is a parts of the country? (Fig. 1).
perennial medicinal herb which grows wildly through- Chelidonium  contains  alkiloids  (including
53
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Table I. Changes of intracellular LDH activity when media containing different amounts of datura

or chelidonium alkaloids were incubated for 60, 120, and 240 minutes at 37°C

Enzyme activity (units/tg DNA)
at the after 60 after 120 after 240
beginning minutes of minutes of minutes of
of incubation incubation incubation
incubation
Ordinary 172.8 160.9 148.6 118.8
control
0.05 172.8 160.8 148.5 118.8
|
Datura 0.10 172.7 160.9 148.5 1188
Volume
(mb) 0.20 172.8 160.9 148.4 118.7
of
added | Cpelido- | 0.05 1722 160.3 145.8 1.2
extract nium
0.10 172.6 159.6 143.2 100.7
.20 172.6 155.7 138.5 821

Noute:

- The number of cells in each petri dish was 20x 0%, and separate petri dishes were used {or each course of incubation.

- Each result represents the mean of four experiments.

chelidonine, sanguinarine and coptisine)** and mineral
salts.” It has a long history in Europe as being useful for
the treatment of colonic polyposis. by enemai. Topically,
the juice of the plant has been used in tinci. cezemi,
warts. papillomas, condylomas. nodules of nursing
mothers, and malignant wmors of the skin.2* It has
heen shown that extricts from this plant ire inhibitory
for sarcoma 180 and Ehrlich mouse carcinoms 3¢

Since there have been some reports indicating that
the alkaloids of chelidonium have cytotoxic activity ¢
espeeially against Eagles KB carcinoma of the naso-
pharynx in cell culture?, we decided to prepare the alka-
loidal extract of the plant growing in Iran and check it's
cytotoxicity on adult rat hepatocytes.

MATERIAL AND METHODS

Plant Material

The plant material used in this investigation was de-
rived from the aerial parts of chelidonium. collected in
Roodbar jusigle during the tlowering period (the end ot
spring). Voucher specimens were identified and authen-
ticated by the Biology Department of the Faculty of
Sciences, University of Istahan. The collected fresh
aerial parts of the plant were dried in the shade.

To check the cytotoxic activity of chelidonium, two
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types of controls have been useds in one type (ordinary
control), no alkaloidal extract was used, and in the
other. alkaloidal extract of the plant Datura stramaonium
L. (Fam. : Solunaceae) which has no cylotoxic activ-
ity.”* was added to the media. Standard datura plants
which had been cultivated in Istahan were obtained
from Amin Chem. Pharm. Co.

Alkaloid Extraction

125 ml of 96 percent cthyl alcohol and 25 ml of
(1.2N hydrochloric acid were added to a 50 gm sample
of air dried. coarsely milled acrial parts  of
chelidonium. The mixture was shaken for one hour. The
filtrate was condensed, and the residue dissolved in 25
ml of distilled water and shaken with chloroform. Fi-
nally. the aqueous layer was filtered and uvsed for the
preparation of different alkaloidal concentrations which
were representatives of 100, 200, and 400 mg dried
plant material per ml. The presence of alkaloids in the
final extracts was identified by TLC and application of
Dragendorff's reagent. Alkaloids of datura were also ex-
tracted using the sime procedure described above.,

Preparation of Rat Hepatocytes

The rat hepatocytes were prepared by using
Suzangar and Dickson's method.” Adult rats, preferably
males. 5-6 months old. and weighing 200-300 g were
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Table II. Changes of LDH activity in the media containing different amonnts of datura or
chelidonium alkaloids after incubation for 60, 120, and 240 minutes at 37°C,

Enzyme activity (units/mg protein)
at the after 60 after 120 after 240
beginning minutes of minutes of minutes of
of incubation incubation incubation
incubation
Ordinary 7500.4 8282.1 9101.7 101753
control
0.05 7501 .4 8275.0 v102.4 10177.0
Datura 0.10 TS0 51 8296.0 9102.6 10177.3
Volume
(ml) 0.20 7501.0 8289.0 9103.0 10177.8
of
added | Chelido- 0.05 7502.3 8327.6 9210.6 10622.1
extract | nium
0.10 7501.7 83494 9316.6 11281.6
0.20 75019 8600.5 9518.1 123656.7
Note:

- The number of cells in each petri dish was 20x10%, and separate petri dishes were used for each course of incubation.

- Each result represents the mean of four experiments.

used. The animals were anesthetized with diethyl cther.
The liver was perfused at room temperature with warmn
buffercd EDTA (pH= 7.4)'" via the inferior vena cava
until blanching occurred. The perfused liver was then
excised, washed with perfusion fluid. gently blotied
with filter paper, weighed, and transferred o a petri
dish containing 10 ml of dispersion solution.'”

Fig. 1. Chelidonium majus L.
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The liver was cut into several small pieces, then an-
other aliquot of dispersion solution was added. A modi-
fied Potter-Elvehjem hemogenizer was used for the dis-
persion of the tissues and preparation of cell suspen-
sion. The cell suspension was filtered through an 80
mesh stainless steel sieve, followed by a 200 mesh sieve
to remove connective tissue and cell clumps. and centri-
fuged for 1 minute at 150 g. The supernatant was dis-
carded and the cells were suspended again in dispersion
solution and centrifuged. A known number of cells were
resuspended in ringer-bicarbonate buffer (RBB), and
the obtained suspension was used for the cytotoxicity
studies.

Assessment of Hepatocyte Viability

Viability of the hepatocytes was assessed using mor-
phological assays (i.c. membrane blebbing, volume, and
cytoskeletal assays).'!

Addition of Alkaloidal Extracts and Incubation of
Hepatocytes

Sterile petri dishes were used for the incubation of
hepatocytes. A known number of cells was transferred
(o each petri dish, then a sufficient amount of RBB was
added. In order to study the degree of glucose uptake.
RBB containing 10 mM glucose was used. Enough oxy-
gen was blown to each suspension. Then, after cover-
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Table II1. Changes of glucose concentration in the media containing different amounts of datura or
chelidonium alkaloids after incubation for 60, 120, and 240 minutes at 37°C,

Glucose concentration (ug/mg protein}
at the after 60 after 120 after 240
beginning minutes of minutes of minutes of
of incubation incubation incubation
incubation
Ordinary 1590 1400 1280) 470
control
0.05 1570 1370 1250 1000
Datura 0.10 1550 1360 1240 YRN
Volume
(ml) 0.20 1600 1420 1220 Y50
of
added | Chelldo- 0.05 1360 1390 1240 990)
extract | nium
0.10 1610 1410 1300 1100
0.20 1625 1500 1420) 1290

Note:

- The number of cells in cach petri dish was 20108, and separate petri dishes were used for cach course of incubation

- Each result represents the mean of four experiments.

ing. the petri dishes were incubated for 10 minutes at
37°C. Chelidonium and datura alkaloidal extracts were
added in different concentrations to the petri dishes and
the final volume of the suspension in each petri dish
was adjusted for 60,120 and 24(0) minutes at 37°C.

Separation of Hepatocytes from other Medium Con-
tents

Alfter incubation, the content of each petri dish was
centrifuged for 1 minute at 150 g. The supernatant was
then separated, and the precipitated cells were washed
with three aliquots of normal saline. Some of the
washed cells were frozen to facilitate their breakdown
and make them ready for DNA estimation. Other por-
tions of the washed cells were used for the assay of
LDH as well as the determination of glycogen and pro-
tein contents.

Estimation of DNA

Frozen cells were left at room temperature to thaw.
then their DNA content was estimated by Burton's
method.'? A standard curve of DNA was plotted using
solutions having different concentrations of DNA.

Assay of Lactate Dehydrogenase (LDH)
This enzyme was assayed colorimetrically using
Sigma Kits. The method is based on the reverse (pyru-
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vate-lactate) reaction, and the velocity of the reaction is
dependent on LDH activity. An excess known quantity
of the substrate (pyruvate) is usually added to samples
having LDH, and in the presence of NADH, the sub-
strate will be reduced to lactic acid. Unreduced pyru-
vate is then reacted with 2,4-dinitrophenylhydrazine to
forin the corresponding phenylhydrazone. which has a
golden color at alkaline pH. The color of pyruvic 2.4-
dinitrophenylhydrazone is measured at 400-550 nm.'* A
standard curve was drawn using different concentra-
tions of pyruvate and measuring the color of the rel-
evant phenylhydrazone derivative.

Determination of Protein

Protein determinations were carried out by the
method of Lowry et al.'* A stock solution of bovine
serum albumin was used to draw the standard curve.

Determination of Glycogen

Glycogen was determined by using the colorimetric
micromethod of Kemp and Kits Van Heiningen.'s A
stock solution of standard glucose was used to draw the
standard curve.

Determination of Glucose
Amounts of glucose were determined in the media
after incubation, using the orthotoluidine method.'* A
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Fig. 2. Effects of different doses of chelidonium alkaloidal
extracts on intracellular LDH activity after 60, 120 and 24(}
minutes of incubation.

(@) Control

( Q) 0.10 m] alkaloidal extract

( ) 0.20 m] alkaloidal extract

1: P< 0. 05 2: P<0.01 3: P<0.005
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Fig. 3. Effects of different doses of chelidonium alkaloidal
extracts on LDH activity in the media after 60,120 and 240
minutes of incubation.

(@) Control

( ©)0.10 ml alkaloidal extract

( @) 0.20 m! alkaloidal extract

f: P< 0.05 2: P< 0.025 3: P< 0.005

standard curve was plotted using different concentra-
tions of glucose prepared from a stock solution.
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Fig. 4. Effects of different doses of chelidonium alkaloidal

extracts on glucose concentrations in the media after 60, 120

and 240 minutes of incubation.

(@) Control

(O)0.10 ml alkaloidal extract

() 0.20 m1 alkaloidal extract

1: P<0.05 2: P<0.01 3: P<0.005

RESULTS

Number and Morphology of Cells obtained from
Liver Perfusion

The number of cells obtained when buffered EDTA
was used for liver perfusion was 33.5 x 108 cells per
gram of liver. Results of hepatocyte viability assess-
ment indicated that 80 percent of the cells were mor-
phologically intact.

Intracellular LDH Activity
A: Effects of Datura Alkaloidal Extracts

Intracellular LDH activity was decreased in the ordi-
nary control media after incubation, since some cells
die in the experimental conditions. Thus, after 240 min-
utes of incubation, the enzyme activity decreased from
172.8 units/ug DNA to 118.8 units/ug DNA (i.c. there
was a 31.25 percent reduction). On the other hand, me-
dia to which 0.05,0.1 and 0.2 ml of datura alkaloidal
extract were added showed no change in LDH activity
after incubation for 60, 120 and 240 minutes as com-
pared with the ordinary controls (Table I).

B: Effects of Chelidonium Alkaloidal Extracts
Changes of intracellular LDH activity when differ-
ent concentrations of alkaloidal exracts of chelidonium
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Table IV. Changes of cellular glycogen content when media containing different amounts of dutura

or chelidonium alkaloids were incubated for 60, 120, and 240 minutes at 37°C.

Glycogen content {(tg/mg protein)

g at the after 60 after 120 after 240
beginning minutes of minutes of minutes of
of incubation incubation incubation
incubation

Ordinary ], 30 30 R
control
0.05 30 31 29 29
Datura 0.10 32 28 30 31
Volume
(ml) 0.20 33 34 33 30
| of
added | Chelido- 0.05 <l 33 33 IR
extract nium
0.10 29 20 28 29
0.20 30 32 30 19

Nole:

- The number of cells in each petri dish was 20x10°, and separate petri dishes were used for each course of incubation.

- Each result represents the mean of four experiments.

were used are shown in Table 1. The results indicate
that cells to which 0.05ml of the extract was added and
were incubated for 60,120 and 24() minutes. as well as
cells to which 0.1 ml of the extract was added and were
incubated for 60 and 120 minutes showed no significant
change in intracellular LDH activity as compared with
the controis. However, when the latter cells were incu-
bated for as long as 240 minutes, they showed a 15.23
percent decrease in their intracellular LDH activity as
compared with the controls. Cells to which (0.2 il of the
extract was added and were incubated for 60,120 and
240 minutes showed prominent reductions in their intra-
cellular LDH activity. These reductions were 3.23 . 6.79
and 30.89 percent after 60,120 and 240 minutes of incu-
bation respectively (Fig.2).

LDH Activity in the Media
A: Effects of Datura Extracts

When different doses of datura alkaloidal extracts
were used, no significant changes of LDH activity in
the media were observed as compared with the ordinary
controls.

B: Effects of Chelidonium Extracts

The 0.05 ml dose of the extract had no significant
effects on LDH activity in the media after 60.120 and
240 minutes of incubation (Table II). On the other hand,
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the 0.1 ml dose of the extract caused a significant in-
crease in the enzyme activity only after 240 minultes ol
incubation. This increase was [0.87 percent as com-
pired with the controls.

The 0.2 ml dose of the extract caused significant
increases in LDH activity of the media atter different
periods of incubation. These increases were 384 . 4,57
and 21,52 pereent after 60,120 and 240 minutes of incu-
hation respectively (Fig.3).

G lucose Uptake
A: Effects of Datura Extracts

Changes of glucose concentration in the media to
which different doses of datura alkaloids were added
are shown in able III. In ordinary control media. the
cells were able to consume the sugar, and after 244)
minutes of incubation, the glucose content was reduced
from 1590 to 970 pg/mg protein. As shown in Table 1.
datura alkaloids had no significant etfect on the glucose
uptake of the cells in the media as compared with
ordinary controls.

B: Effects of Chelidonium Extracts

The 0.05 ml dose of the extract after 60,120 and 24()
minutes of incubation, as well as the ().1 ml dose after
60 and 120 minutes incubation caused no significant
changes in glucose uptake as compared with the con-
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trols. After 240 minutes of incubation, the latter dose
caused reduction in glucose contents from 1610 pg/mg
protein at the beginning of incubation to 1100 pg/mg
protein. This means that 13.40 percent of the glucose
had not been consumed during 240 minutes of incuba-
tion as compared with the controls. The 0.2 ml dose of
the extract caused reductions of glucose contents from
1625 pg/mg protein at the beginning of incubation to
1500,1420 and 1290 pg/mg protein after 60,120 and
240 minutes of incubation respectively. This means that
7.14,10.93 and 32.99 percent of the glucose content had
not bee

incubation as compared with the relevant controls.

Glycogen Content

There were no differences in the glycogen contents
of cells incubated in the presence of datura as well as
chelidonium alkaloids as compared with the ordinary
controls (Table 1V).

DISCUSSION

In this investigation, intracellular LDH activity was
determined in order to be used as an index of cytotoxic-
ity in the media of rat hepatocytes, since retention of
LDH in the cells is an indication of living hepatocytes,
while leakage of this enzyme indicates their death.”-'¢
Decrease in intracellular LDH activity of the media in
which cl‘lelidonium alkaloids were added (Table I and
Fig. 2) was confirmed when the activity of leaked LDH
into the media was determined (Table II and Fig. 3).
The increase in cell permeability may simply reflect
changes in the level of cytotoxic material inside the
cells.’

Since one should not use only a single test in order
to check the cytotoxicity of a material,'” glucose uptake
was also determined to check the viability of cells to
which chelidonium alkaloids were added. The results of
this determination confirmed the results obtained from
the assays of intracellular and leaked LDH activities,
i.e. the glucose uptake by the cells to which 0.1 ml of
chelidonium alkaloidal extract was added and were in-
cubated for 240 minutes, as well as the glucose uptake
by the cells incubated in the presence of 0.2 ml of
chelidonium extract was decreased.

Whether the decrease in glucose uptake by the cells
in the presence of chelidonium alkaloids is
recompensated by the intracellular glycogen or not, and
whether the reduced cellular consumption of glucose in
the presence of chelidonium alkaloids results from re-
duced cellular metabolic activity and cellular death or
not, are two questions which could be answered by de-
termining the glycogen contents of the incubated hepa-
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tocytes in different media. Results of this determination
indicate no difference between the controls and cells
incubated in the presence of chelidonium alkaloids. Use
of glucose for the production of energy is an indicator
of cell viability, and the reduction in glucose uptake in
the presence of chelidonium alkaloids is an indicator of
the cytotoxic activity of these alkaloids.

Finally, the results of this investigation indicate that
the cytotoxic activity of chelidonium alkaloids is dose
dependent, i. e. when the amount of the added cytotoxic
alkaloids to the hepatocytes was increased, the cyto-
toxic activity also increased. On the other hand, the du-
ration of incubation of the hepatocytes in the presence
of the cytotoxic alkaloids also acted as a factor affecting
the cytotoxic activity, because when the incubation pe-
riod was increased, the cytotoxic activity was also
found to increase.

REFERENCES

1.Chiej R: The MacDonald Encyclopedia of Medicinal Plants.
London, MacDonald & Co (Publishers) Ltd., p. 82, 1984.

2. British Herbal Medicine Association: British Herbal
Pharmacopoeia, Bournemouth, Megaron Press Ltd., p. 61,
1983.

3. Zargari A: Medicinal Plants, Vol.1. Fourth edition, Tehran,
Tehran Univ. Publication, p. 157, 1986.

4. Kim HK, Farnsworth NR, Blomster RN, Fong HHS: Bio-
logical and phytochemical evaluation of plants V: Isola-
tion of two cytotoxic alkaloids from Chelidonium majus. ]
Pharmaceut Sci 58: 372-374, 1969.

5. Sokoloff B: The oncostatic and oncolytic factors present in
certain plants. Oncology 22: 49-60, 1968.

6. Sokoloff B, Saelhof CC, Takeuchi Y, Powella R: Antitumor
factors present in Chelidonium majus. Growth 28: 225-
231, 1964.

7. Trease GE, Evans WC: Pharmacognosy. 12th edition, Lon-
don, Bailliere Tindall, p. 548, 1983.

8. Tyler VE, Brady LR, Robbers JE: Pharmacognosy. 9th edi-
tion, Philadelphia, Lea & Febiger, p. 197, 1988.

9. Suzangar M, Dickson A: Biocheniical studies on cells iso-
lated from adult rat liver. Exp Cell Res 63: 353-364, 1970.

10. Wang S, Renaud G, Infante J, Catala D, Infante R: Isola-
tion of rat hepatocytes with EDTA and their metabolic
functions in primary culture. /n vitro Cell Developmental
Biol 21: 526-530, 198S.

11. Cook JA, Mitchell JB: Viability measurements in mamma-
lian cell systems. Anal Biochem 179: 1-7, 1989.

12. Burton K: Determination of DNA by diphenylamine re-
agent. Biochem J 62: 315, 1956.

13. Tietz NW: Fundamentals of Clinical Chemistry. 3rd edi-
tion, Philadelphia, W.B. Saunders Company, pp. 379-430,
1987.


https://mjiri.iums.ac.ir/article-1-1353-en.html

[ Downloaded from mjiri.iums.ac.ir on 2025-07-12 ]

Cytotoxicity of Chelidonium Alkaloids on Rat Liver Cells

14. Lowry OH. Rosenbrough NJ. Farr AL, Randall RJ: Pro-
tein measurement with the Folin-Phenal reagent. J Biol

Chem 193: 265-275, 1951.

15. Kemp A. Kits Van Heiningen AIJM: Colorimetric micro-
method for the determination of glycogen in tssues.
Riochem J 56: 646-684, 1954,

16. Chao ES, Dunbar D, Kaminsky LS: Intracellular lactate

60

dehydrogenase concentration as an index of cytotoxicity
in rat hepatocyte primary culture. Cell Riol Toxical 4 (1):
[-11. 19RR.

. Auergo PM. Guibert EE: Early influence ol affatoxin Ri

on the functional state of asolated vt hepatocytes. Toxi-
cology Letters 45: 133-144), 198Y.


https://mjiri.iums.ac.ir/article-1-1353-en.html
http://www.tcpdf.org

