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ORIGINAL ARTICLE

EFFECTS OF CADMIUM CHLORIDE ON ISOLATED RAT HEPATOCYTES

Pornpimol Chinaratanavech and Pornpen Pramycthin

Department of Pharmacclogy, Faculty of Pharmaceutical

Sciences, Chulalongkorn University, Bangkok, Thafland,

STMMARY

The cytotoxic effects of cadmium chloride was studied in
Iisolated rat hepatocytes. Cadmium chloride appeared to have the direct
toxic effects on plasma membrane integrity as shown by the leakage of
cytoplasmic enzymes and intracellular potassium. The metabolic capability
of isolated cells was also effected by cadmium chioride. There was the
sign of inhibition on carbohydrate metabolism especially the gluconecgene-
s5is. These toxic effects of cadmium chloride were dose-~related and could
be detected as early as 30 minutes of incubation,

It has been known for many years that cadmium Is toxic to man
and other animals. After its administration, cadmium is accumulated
initially in the liver (Friberg et al,1974). Cadmium uptake buv hepatic
parenchymal cells is approximately half of the administered dose (Perry
et al, 1970). Acute liver damage wil] result if the dose is high enough,
thus, the liver is a major target organ for acute cadmium toxicity(Dudley
et al, 1982).

Isolated hepatocytes have been employed recently as a very
effective and expeditious means of in vitro screening for various toxic
agents (Klaassen and Stécey 1982 ; cantilena et al, 1982 and 1953J. Manuy
hepatotoxins and cytotoxic agents can be elucidated their toxic mechanisms
and effects by using this In vitro model.

The purpoée of thé present Investigatiorn was to study the

utility of isolated rat hepatocytes asg a model system for testing the
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cytotoxic effect of cadmium chloride. Cadmium chloride was selected on
the basis of its known toxicity in vive., The indices used for measure
early cadmium cytotoxicilty were the membrane and metabolic Integrity of
the isolated cells. These criterion were more sensitive than routine
nonspecific measures, such as cellular protein content which detected only

the later stage of cell Injfury (Santone and Acosta 1982),

MATERYALS AND METHODS

Male Wistar rats (200-250 g) from Mahidol University Central
Amimal Hoyse. were used as liver donors. They were allowed free access
to food {(charlick’s M and V mouse cubes ] and water. Some experiments
involved food deprivation(24 hours fasting). Surgery was performed
between 8.30 - 9.30 a.m. for each experiment. Under ether anesthesia
hepatocytes were isolated by the method of Berry and Friend (1969} with
some modifications by stacey and Priestly(1978). Liver was perfused with
Ca+2-free physiological solution(96 mM NaCl, 1.4 mM KC1, 0.7 m¥ MgSoé,
2.5 mpM KH2PO4, 30 mM NaHCO3 and 21.7 mM sodium gluconate ,equilibrated
with 95% 02/5% 002 at pd 7.4) via the portal vein. When the perfusion
of all hepatic lobes was rapid and complete, the liver was perfused with
100 mi of 0.05%(w/v) collagenase (sigma Type IV) in the same calcium free
buffer equilibrated with carbogen (95% 02/5% 002), under the recirculating

condition. Flow maintained at 30-35 ml/min with a pressure head of 20 <m

] .
of water, and temperature was maintalined at 37 C throughout the procedure.

After perfusion with collagenase(10-15 minutes), the liver was

dispersed with a blunt spatula Iin 50 ml of fresh collagenase buffer(0.05%)
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and incubated(37ac, 80 oscillations/min) for 10 minutes. Bovine serum
albumin(BSA}) was added to give a final concentration of 12 mg/ml and
cells were harvested through nylon mesh(250 ym followed by 61 um).
Hepatocytes were separated from other cells and cellular debris by
differential centrifugation(50 g, 1 minute). The resulting cell pellet
was washed twice with this fresh physiclogical medium containing 12 mg/
ml BSA and once with the incubation medium (Krebs—Henseleit physiclogical
seolution with 12 mg/ml BSA). The final cell pellet was resuspended in
the incubation medium at the concentration of approximately 4—5x106 cells/
ml. Viability of freshly iseolated hepatocytes was determined routinely
by the trypan blue exclusion test (Seglen, 1976). C(Cell preparations with
a trypan blue exclusicn index of less than 20% were never used in any
studies.

* Hepatocyte suspensions(3 ml) were incubated with various
concentrations of cadmium chloride(1,5,10,25,50 and 100 uM, respectively)
for 30 minutes at 37 C. Allguots (0.5 ml) of cell suspension were
centrifuged at 50 g for 1 minute. ALT activity in the supernatant was
determined by the mefhod of Reitman and Frankel (1957). The cell pellet
was extracted with 1 ml 3%(w/v) perchloric acid(Pc3), then centrifuged
at 3500~5000 r.p.m. for 5-10 minutes. The resulting supernatant was
diluted with distilled water énd the K+ concentration determined by
flame photgmeter.

The gluconeogenesis was used as the index for metabolic
capability of isolated hepatocytes. Using the method of Cornell and
Filkins(1972), rats were fasted 24 hours prior to isolatfon., Cell

suspensions(3 ml} were preincubated with cadmium chloride(1,5,10,50 and
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100 M, respectively) for 30 minutes(at 37°C) before the incubation with
10 mM lactate at'37°C for 60 minutes. Sampies were deproteinized with
1 ml each of 1.8% barium hydroxide and 2.0% zinc sulfate, theﬁ centrifuged
at 1000 g for 2-3 minutes, Aliguots l ml of supernatant were analyzed for
glucose using the o-toluidine method.

Hepatocytes were isolated from individual rat livers and each
data point represents the mean value of 3-5 separate preparations, within
each experiment, replicates were used to generate the mean values. The

statistical significance was determined by student t-test(probability,

'p = 0.05) using either a palired or unpaired test according to the éxperi~

mental desigmn,

RESULTS

Incubation of isolated rat hepatocytes with varying concentration
of cadmium chloride(l-100 uM) resulted in a cytotoxic response as measured
by the parameters of membrane integrity, namely intracellular K+, release
of cytoplasmic enzyme(ALT) and the trypan blue exclusion index. Cadmium
chloride at low concentration(l uM) did not afféct any of these parameters
(Figs 1).

A statistically significant release of intracellular K+ was
seen with cadmium concentrations of 5-100 UM as compared to contrel
(Fig. 12). Similar result was obtained with the release of ALT {Fig. 1B).
Prypan blue exclusion index was the least sensitive test as the effect of
cadmium was seen at the concentrations of 25-100 u¥ (Fig., 1C).

Effect of cadmium chloride con metabolic cdpablility of isolated

hepatocytes as measured by the gluconecgenesis ( using lactate as the
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Fig.l.The effect of cadmium chloride on cell membrane integrity.
A. The release of intracellular K
B. The release of cytoplasmic enzyme (ALT)
C. Trypan blue exclusion index
Hepatocytes were incubated with cadmium chloride at the concen-
tration of 1-100 uM for 30 minutes. Values represent mean * S.E.(n = 5).

*5ignificantly different from control (p<0.05)

-substrate for the generation of glucose) was shown in Fig 2. Gluconeo-
genesis was inhibited by cadmium at the concentrations of 1-100 uM.

These effects of cadmium on both plasma membrane integrity and metabolic
capability of Isolated hepatocytes appeared to be a dose-related manner, as

the cytotoxicity increased when increased dose of cadmium chloride (Figs 1,2).
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Fig 2. The effect of cadmium chloride on metabolic capability of
isolated rat hepatocytes.
Hepatocytes from 24 hours fasting rats were incubated with
cadmium concentrations of 1-100: uM, then the gluconeogenesis

was determined. Values represent mean + S.E.(n = 5).
* Significantly different from control (p<0.05)

DISCUSSION

Cadmivm has been reported to.have cytotoxic properties by other
investigators (Olsen and Jonsen, 1979 ; Stacey et al, 1980). Most of
these studies used higher concentrations of cadmium than the present
experiments. It is proposed that such cytotoxic effect of cadmium may
due to its effect on cell membrane(Fleisher et al, 1875 ; Kopp and
Hawley, 1976} and this toxic response is not caused by the lipid peroxi-
dation (Stacey et al, 1980).

Plasma membrane of isoclated hepatocgtes have the ability to
retain intracellular K+ and cytoplasmic enzymes(e.g. lactate dehydrogenase,
ALT) and the ability to exclude substances which should normally be
impermeable(e.qg. £rypan blue} (Seglen, 1976). In the present series of

experiments, cadmium altered these properties of cell membrane by causing

+ .
the leakage of intracellular K and cytoplasmic enzyme(ALT). Trypan blue
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exclusion index was also affected by the administered cadmium. This
suggested that cadmium may have the direct toxic effect on cell membrane
of isclated rat hepatocytes.

The irhibitory effect of cadmium on gluconeogenesis was correlated
well with its effect on plasma membrane integrity. It should he noted
that cadmium at the concentrations of 5-100 uM affected both plasma
membrane integrity and metabolic capability of isolated hepatocytes.

These effects of cadmium were aepended on administered dose in that
toxicity was increased when increased dose.

In conclusion, cadmium may have the direct toxic effects on
isolated rat hepatOCQtes and isplated rat hepatocytes prove to be a very
useful and economical model in the studies of toxicity induced By chemicals
in the ervironment.
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4.1 @rswadisaolszan  (Nerve Agent) Taun  Tabun (GA), Sarin (GR},
Soman {GD} uny VX

a.2 a19indfisralafin (Blood Agent) Tlawn Hydrocyanic Acid (AC)
wnz Cyanogen Chloride (CK)

4.3 a9.aiffiseafionie  (Blister Agent) Tleun Mustard (HD), Nitro-
gen mustard (HN), Lewisite (L}, Phosgene oxime (CX), Lewisite'phosgene oxime
(LCX) wuwamz Other arsenicals

4.4 @15 rifnARaden (Choking Acent) Taun Phosaene (CG)

a.5  a1snifeini inlugwisaufifvoularwgnd  lawn BZ waz  LSD

4.6 a1swaenlea  (Tear Agent or Lacrimator) Tlawn CS CN waz CA

4.7 #1591:5su  (Vomiting Agent) laun DA, DM wuaz DC
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EDITORIAL

PROVISION OF ESSENTIAL DRUGS

Pakdee Pothisiri and Chavanee Tohngroach
Food and Drug Administration, Ministry of Public Health

Bangkeok, Thailland

Most of the developing countries have limited resources for the
rrovision of health services in the form of social welfare. This is also
true in Thailand where by most of the patients had to sought for alternate
means to alleviate their sufferings and the most impertant of all is, as
cne may expect, self medication. According to some of the latest studies,
the fipures showed that medical consumption in urban area is approximately
80% of the total cost for -individual health care expenditure. This excessi-
vely high drug consumption may partially caused by either irratiomal drug
utilization or usage of unnecessary drugs without proper justification and
somehow misled by unreliable mass media advertisements or other sales pro-
motion activities of pharmaceutical firms. At the saﬁe time, however, most
of rural population, which is the country's majority, still have to face
with the problems of inadequate supply essential drugs, those are indispensi-
ble for the prevention of nostalgic communicable diseases and curing of com-
mon ailments. While the needs of health care could be met simply by provi-
ding pharmaceutical products that are essential to the immediate welfare of
the population which cannot be replaced by other products, the responsible
agency has to materialize also the most optimal way to undertake such task,

In 1977, the World Health Organization has established the stra-
tegies of "Health for all by the year 2000" in the thirtieth World Health
Assembly.The goal of these strategies is to promote the better health and well
being of all the people particularly those in the developing countries, to

the level that they can live in healthy condition and that they can take part
as productive units of the society. In order to achieve such goal WHO has pro-

josed to use new and fascinating approach which is so-called 'Primary Health

Care' concept.
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The basic strategy as adopted for 'Primary Health Care" approach
is to help people solving their health problems by themselves up to certain
level. In principle, 8 elements are identified as basic needs in term of '
primary health care approach to be dealt with and one element among them 1is
essential drugs. Although drug is not the only element to achieve the suc-
cess of preventing or curing diseases, but it is accepted as the most
important factor. To assure the provision of essential drugs it is recom-
nended that there is a necessity for an establishment of "drug policy" and

drug management both at the global and national level.

The concept of drug policy and management of essential drugs
supply has been conceived and develcped in WHO over the last ten years. For
Thailand appropiate provision of essential drugs is obviously one of the
nost important factor to accomplish the goal of "Health For ALl." The
development of essential drugs supply system of the country is aimed to
assure that safe and good quality drug can be made available, at the lowest

rossible costs, right up to the remote rural area.

Naticonal Drug Policy

As drug. is one of the most important components for the implemen-
tation of country's health services, leading to "Health for all by the

year 2000", the Country's drug policy emphasized the following aspects

Fharmaceutical supply system : principles and approaches

In developing efficient pharmaceutical supply system, four problem

areas of management have to be considered, namely

(1) Selection and determination of requirements of Essential
Drugs. Ideally, the selection of drugs should be made only after determining
the prevalent diseases being treated within the country, the characteristics
of patients being treated and the level of training of the health personnel
who treat the patients. As for Thailand health services pattern in the

country can be classified into,



143

313d14 (ndeinp

4 N ]
dn s tauh .3 n,Am.-n,n. 2527

~ Primary health care ]u Community base programme

- Primary medical care
- Secondary medical care-lgf various levels of hospital

r

- Tertiary medical care J and health center.

For primary health care level, factors affecting the selection of
drugs are as follows: .

a) Existing systems of medicine., The establishment of primary
health care services should result in adaptation and supplementation of the
work of traditional healers in such a way as to ensure that the innovation
is successfully integrated into existing systems of care.

b) The national health infrastructure. The type of primary
health care service that a country requires is dependent upon the proximity
and nature of the first referral facilities. In Thailand primary health care

is established to be a community base programne that rely mainly on the

contribution of veolunteers,

c¢) Training and supplies. Whatever the circumstances, little can
be accomplished unless continuity of essential supplies and information is
assured,

d) The pattern of endemic disease. Careful planning and, in some
cases, cpidemiological surveys are required to ensure that the most effec-

tive drugs are provided, and to obtain full benefit from limited resources,

(2] Procurement. This is the process of acquiring supplies,
Three procurement sources which are purchase, donation and manufacture may
be used individually or in combination to fill the entire range of drug
needs for a public health programme. However, it is recommended that,
subject to the infrastructure of health services in each country, there
should be a central unit to deal specially with the function of procuring

essential drugs for primary health care.

(3) Distribution. It is a cyclic process which includes drug
procurement, port-clearing (if any), receipt and inspection, inventory

control, storage, requisition of supplies, delivery, dispensing to patients
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and consumption reporting. The system has to be designed to achieve popu-
lation Coverage in every levels. 1In order to get the highest efficiency,
distribution should be done in the form of network. Storage points must be
determined by considerations of distribution efficiency rather than by

availability and historical exigencies.

(4) Utilization. Rationalization of drug utilization is consi-
dered to be one of the most crucial factor to determine the success of drug
management sysfem. Obviously, availability of essential drugs is the
l.ighest priority to attend to, but, it is also indispensable that available
drugs are used to their full potentlals. Informatioﬁ on pattern of drug
utilization, particularly, those categories of drugs frequently not respon-
sibly dispensed (antibiotics, psychotropic agents, analgesics etc.) would be
of significant benefit in dealing with the pfoblems of irrational drug uses

especially in self-medication.

-

In conclusion, successful provision of essential drug for primary
health care services can be accomplished through an improvement of all four
basic functions in drug management system. The Thai government has tried to
solve current problems by way of implementing a series of action programmes
on essential drug in accordance with the National Drug Policy since the
beginning of Fifth National Economic and Social Development Plan in 198Z.
Subsequent revisions of action programmes had helped to successfully over-
coming the obstacles confronted. In the near future the implementation of
the National Drug Policy will be adequately extended to cover all necessary
activities which are deemed necessary for assuring self-reliance in the

provision of essential drugs.
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