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Abstract: In order to record the effects of sublethal heroin administration on plasma mineral metabolism, the drug was administered

intramuscularly (16.4 mg kg-1 body weight day-1; 0.75 LD
50

 dose) in Rattus norvegicus for 30 days. Plasma sodium and potassium levels

of the control rats fluctuated between 153.14 ± 2.88-157.23 ± 2.16 meq l-1 and 5.04 ± 0.32-5.63 ± 0.41 meq l-1, respectively. Plasma

sodium level of the treated rats registered a progressive decline (p<0.01) at 24 hr with the minimum value (126.53 ± 2.68 meq l-1) on day

30 whereas plasma potassium level registered a progressive increase during entire period of the treatment with peak (8.78 ± 0.23 meq l-1) on

day 30. Though sublethal herion adminstration for 30 days elcited cytoplasmic vacuolation in all the three zones of adrenal cortex, much

of cytological alterations were observed in zona glomerulosa and zona fasciculata cells. In zona glomerulosa cells, degenerative changes

in the organelles were more pronounced as evident by the loss of typical cristae in the mitochondria and hormone granules were rarely seen

in these cells. Though rough endoplasmic reticula were scanty, many lipid granules encountered in zona glomerulosa cells of the treated rats.
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Introduction

Heroin (Brown sugar) abuse is a burning problem of the

society (Neri-Serneri and Modesti, 1991; Kringsholm et al., 1994).

The drug (diacetylmorphine) metabolizes into morphine and 6-

acetylmorphine in the human body (Goldberger et al., 1994; Jenkines

et al., 1994). Nephrotoxic and hepatotoxic effects of the drug have

been documented in human as well as rats (Weller et al., 1984;

Gomez Lechon et al., 1987; Kringsholm and Christoffersen, 1989;

Barai et al., 2004a). Haematological as well as biochemical profiles

of serum of mammals to exogenous drug administration have also

been recorded (Hussain and Kumar, 1988; El Daly, 1994; Barai et

al., 2004b). Though there exist few reports suggesting that chronic

heroin addiction/administration modulates the pituitary-thyroid function

as well as calcitonin secretion in mammals (Brambilla et al., 1980;

Sagaliaro et al., 1984; Kringsholm and Christoffersen, 1989; Barai

et al., 2004c), information regarding the effects of heroin on adrenal

cortex secretion of mammals are scanty (Glass et al., 1973; Pechnick,

1993; Spanagel, 1999; George et al., 2005). An attempt has,

therefore, been made to record the effects of sublethal heroin

administration on plasma sodium and potassium levels as well as

adrenal cortex of Rattus norvegius.

Materials and Methods

Wild stock of healthy Rattus norvegicus (both sexes) weighing

200-250 g were procured from the Bombay Municipal Corporation,

Mumbai. They were acclimatized under the ambient laboratory

conditions (temparature 28±2oC; photoperiod 14 L:10 D) for 10

days, fed ad libitum on rat feed (Lipton, Bangalore) and clean water

was provided for drinking. 50 rats were randomly selected and

divided into two equal groups - experimental and control. The

experimental group rats were given intramuscular injection of 0.75

LD
50

 dose (16.4 mg kg-1 body weight day-1) of heroin (the drug was

initially dissolved in small quantity of rectified (95%) alcohol and the

desired dose was prepared in physiological saline) while the control

rats received equal volume (0.2 ml kg-1 body weight day-1) of the

physiological saline. Animals from both the groups were dissected

on day 1, 7, 15 and 30 of the treatment. Blood samples were collected

in sterilized glass syringe from post-caval vein of the rats under mild

ether anaesthesia and serum was separated by centrifugation at

3,500 rpm. Plasma sodium and potassium levels were estimated by

the flame photometry method described by Wootton (1974). For

estimation of sodium and potassium levels with this method, 0.1 ml of

plasma was diluted up to 1.0 ml by adding 9.9 ml deionized water.

The levels of both the electrolytes were estimated by digital flame

photometer (Elico Model CL 22 D, Hyderabad). Values obtained for

the control and experimental groups were evaluated for statistical

significance using Students ‘t’ test.

Both the adrenal glands were surgically removed and fixed

immediately in Bouin’s solution for light microscopic studies. After

routine processing, sections were cut at 6 µm and stained with

haematoxylin-eosin (H&E). For electron microscopic observations,

the tissues were fixed in 3% glutaraldehyde maintained at 4oC.

They were later transferred to Millaniq’s buffer in which 3-4 changes

were given. The small pieces of gland were treated with 1:1 mixture

of osmium tetraoxide and Millaniq’s buffer. After dehydration through

the various grades of alcohol, they were transferred to propylene
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oxide for complete dehydration. For preparation of blocks, the tissues

were embedded in plastic capsule KDB filled with araldite solution B.

They were kept at 60oC for 48 hr for polymerization and hardening.

The blocks were removed from the capsule and trimmed with a

surgical blade under stereomicroscope. Semithin sections (1 µm)

were cut using ultramicrotome, spread on glass slides and fixed by

gentle heating. The sections were stained with toludine blue and

examined under the light microscope. Ultrathin sections  (600-800

Ao) were cut from the selected area with glass knife and mounted on

400 mesh copper grides. The tissues were double stained with 10%

alcoholic uranyl acetate for 20 minutes and Reynold’s lead citrate for

10 minutes. Sections were scanned under electron microscope

(Phillips 410).

Results and Discussion

Effects of heroin adminstration on plasma sodium and

potassium levels of Rattus norvegicus have been summarized in

Table 1. Plasma sodium level of control rats fluctuated between

153.14±2.88 and 157.23±2.16 meq l-1 while plasma potassium level

varied between 5.04± 0.92 and 5.63± 0.81 meq l-1. Plasma sodium

level of the treated rats registered a significant decline (p<0.01) at 24

hr  which progressed on day 7 and 15 and the minimum value

(126.53±2.68 meq l-1) was recorded on day 30 whereas plasma

potassium level registered a progressive increase during the entire

period with a peak (8.78±0.23 meq l-1) on day 30 of the experiment.

Though mild (but insignificant) hyponatremia was recorded, plasma

potassium level was dangerously high (hyperkalemia) in a patient with

heroin abuse (Pearce and Cox, 1980).

The adrenal glands of Rattus norvegicus are paired

encapsulated structures lying in anterior region of each kidney. The

gland is made up of two separate secretory tissues - the adrenal

medulla, comprising chromaffin cells, is located in the centre while the

surrounding adrenal cortex produces steroid hormones. It has been

reported that the chromaffin cells initially arise from the neighbouring

paraganglion cells of the neural crest complex and migrate to lie

adjacent to the adrenocortical cell groups which are mesodermal in

origin (Chester Jones, 1976; Balment et al., 1980; Chester Jones

and Phillips, 1986). Like other mammals (Long, 1975; Idelman,

1978; Chester Jones and Phillips, 1986), the adrenal cortex of

Rattus norvegicus is divided in three zones - zona glomerulosa,

zona fasciculata and zona reticularis (Fig. 1). The glomerulosa is a

thin zone consisted of 4-6 layers of ovoid or columnar cells immediately

inside the outer connective tissue capsule. The nuclei vary in shape

from sausage to oval with one or two nucleoli and cytoplasm contained

large number of lipid droplets (liposomes) lying between nucleus

and side of the cell which abuts the capillary (Fig. 3). Mitochondria

are rod or thread-like, smaller in size and their number is quite large.

Branching and anastomosing tubules of smooth-surfaced endoplasmic

reticula are also seen. The Golgi complex is well developed lying

adjacent to nucleus but has no articular orientation. Similar structures

of the zona glomerulosa cells have been recorded in other mammals

(Lentz, 1971; Chester Jones and Henderson, 1980; Chester Jones

and Phillips, 1986). These cells are responsible for secretion of

aldosterone, the mineralocorticoids which are involved with regulation

of serum electrolytes (Chester Jones and Henderson, 1980).

The zona fasciculata is the widest zone of adrenal cortex. It

comprises radial cords of polyhedral cells which are considerably

larger, have round central nucleus with dense chromatin towards

periphery, one or two nucleoli and cytoplasm packed with lipid droplets

(Fig. 4, 5). Though branching and anastomosing tubules of smooth-

surfaced endoplasmic reticula are extensive, the rough-surfaced

endoplasmic reticulum is more abundant in this zone as compared to

the cells of zona glomerulosa. The mitochondria are large, generally

oval to spherical and Golgi apparatus well developed (Fig. 4).

Lysosomes and lipofusin pigments are also encountered. The zona

fasciculata cells secrete glucocorticoids (cortisol and corticosterone)

which are involved in protein and carbohydrate metabolism (Chester

Jones and Henderson, 1980).

The innermost zona reticularis, bordering the adrenal

medulla of the rat, consists of anastomosing networks of reticular

cell cords. The cells are smaller than those of the rest of the

cortex with less lipid content. They possess smooth-surfaced

endoplasmic reticula, stacks or whorls of rough-surfaced

Table - 1: Effects of sublethal heroin adminstration on plasma sodium and potassium levels (meq l-1) of Rattus norvegicus

Group
Duration

24 hr 7 days 15 days 30 days

Plasma sodium level

Control 156.57 ± 2.30 155.89 ± 2.51 153.14 ± 2.88 157.23 ± 2.16

Heroin 149.64 ± 2.76* 141.38 ± 3.49** 135.47 ± 3.91** 126.53 ± 2.68**

(-4) (-9) (-12) (-20)

Plasma  potassium level

Control 5.04 ± 0.92 5.19 ± 0.32 5.63 ± 0.81 5.12 ± 0.63

Heroin 5.72 ± 0.24 6.88 ± 0.67* 7.94 ± 0.31** 8.78 ± 0.46**

(+14) (+33) (+41) (+72)

Values are mean ± SD of 5 specimens. Values in parentheses indicate % increase (+) or decrease (-) over control. Significant response : *p<0.01; ** p<0.001
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lamellae, cytoplasmic ribosomes, Golgi apparatus, lipid droplets

and lysosomes. However, mitochondria are more elongated

and lipofusin pigment granules are numerous in the cytoplasm

(Fig. 6). Similar ultrastructures of the zona reticularis cells have

also been observed in other mammalian species (Lentz, 1971;

Chester Jones and Henderson, 1980) which are responsible

for the secretion of sex steroids, particularly androgens (Chester

Jones and Phillips, 1986).

Heroin-induced alterations in plasma Na, K and adrenal cortex of rat

Fig. 2: Adrenal cortex of Rattus norvegicus on day 30 of heroin administration depicting degenerative changes in cells of all the three zones. Excessive

degeneration in zona glomerulosa cells (arrow). H&E x 100

Fig. 1: Adrenal cortex of control Rattus norvegicus showing outer connective tissue capsule (arrow), zona glomerulosa (ZG), zona fasciculata (ZF) and zona

reticularis (ZR). H&E x 100
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Fig. 3. Zona glomerulosa cells of control rat exhibiting abundant nuclei (N) and numerous lipid droplets (L). x 2,000

Fig. 4: Zona fasciculata cell of control rat showing mitochordria (M), rough endoplasmic reticulum (RER) and dense body (db). x 10, 000

Fig. 5: Zona fasciculata cell of control Rattus norvegicus depicting part of nucleus (N), numerous mitochodria (M), Golgi complex (G) and lipid droplets (L). x 10,000

Though sublethal herion adminstration for 30 days elcited

varying degrees of vacuolization in the endocrine cells of all the

three zones, cells of zona glomerulosa exhibited severe degenerative

changes in cytoplasm and nuclei as compared to those of zona

fasciculata and zona reticularis (Fig. 2). Ultrastructurally, degenerative

changes were observed in various cell organelles. Mitochondira

lost the typical cristae and hormone granules were rarely seen (Fig.

7). Though rough endoplasmic reticula were scanty, degenerative

changes were also observed in these structures as well as in Golgi

complex. Many lipid granules and vacuolization were also observed

in zona glomerulosa as well as zona fasciculata cells of the treated rat

(Fig. 8).

Several endocrine dysfunctions such as abnormal adrenal

metabolism and insufficiency, abnormalities in circadian rhythm of

corticoid secretion, increased levels of thyroxine (T
4
) and

triiodothyronine (T
3
), thyroxine-binding globulin (TBG) and reduced

T
3 
level, abnormalities in insulin-glucose metabolism, reduction in

testosterone level and abnormal FSH and LH levels have been

recorded in the patients with chronic opiate misuse (Glass et al.,

1973; Pechnick, 1993; Spanagel, 1999; Sarnyai et al., 2001; George

Barai et al.256
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Fig. 8. Zona glomerulosa cell of Rattus norvegicus treated with heroin showing many large mitochondria (M) with damaged cristae, desmosome (D) and lipid

droplet (L). Mark the degenerative changes in Golgi complex (G). x 25,000

Fig. 6. Zona reticularis cell of control rat exhibiting part of nucleus (N), lipid droplet (L), rough endoplasmic reticulum (RER) and Golgi complex (G). x 15,000

Fig. 7. Zona glomerulosa cell of Rattus norvegicus treated with heroin showing many large mitochondria (M) with damaged cristae, desmosome (D) and lipid

droplet (L). x 25,000

et al., 2005). There exist reports that opioids affect the adrenal

cortex function by involving hypothalamus-pituitary-adrenocortical

(HPA) axis (Pechnick, 1993; Spanagel, 1999; Sarnyai et al., 2001;

Laorden et al., 2002; George et al., 2005).

Though sublethal heroin administration for 30 days elicited

cytoplasmic vacuolization in cells of all the three zones of adrenal

cortex of Rattus norvegicus, degenerative changes were more

marked in zona glomerulosa cells. Our study demonstrates that

sublethal heroin administration induces alterations in plasma Na and

K metabolism by affecting the zona glomerulosa cells of adrenal

cortex.
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