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In summary, ecdysone metabohsm was investigated in 
the white mouse Mus musculus in order to determine how 
vertebrates can modify such molecules, either provided by 
their food or produced endogenously by parasitic 
helminths. It appears that mouse concentrate rapidly 
injected ecdysteroids in their gut, then excrete them mainly 
within faeces, which contain both the genuine molecule 
together with a major metabolite, 14-deoxyecdysone. 
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Effects of haematoporphyrin derivatives on rat liver endoplasmic reticulum 

(Received 8 July 1987; accepted 11 November 1987) 

Haematoporphvrin derivative (HPD) photodvnamic ther- . . tration of HPD, have shown that the porphyrins are initially 
apy is emerging as a promising treatment for- a variety of found in a cytosolic compartment, probably of the hepa- 
neoolasms 111. This is because HPD is selectivelv retained tocvtes. At later time points (24-48 hr), the porphyrins 
in timour t&e, so that subsequent irradiation-with high became concentrated in the lysosomes of the Kupffer cells. 
intensity light (wavelength approx 630 nm) will selectively In addition, HPD has also been shown to inhibit enzyme 
damage the photosensitised tumour tissue. activities of both the endoplasmic reticulum [3] and the 

Recent studies [2] on the cellular and subcellular loca- mitochondria [4]. In this study the effect of HPD treatment 
lization of porphyrins in rat liver, following i.p. adminis- on the subcellular distribution and morphometry of certain 

dP 37:6-M 
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organelles is examined with particular reference to the 
endoplasmic reticulum. 

Materials and methods 

Haematoporphyrin derivative (HPD) was prepared as 
described in [2]. Analytical subcellular fractionation of 
rat liver whole homogenate was carried out as described 
previously [5], using male Sprague-Dawley rats (200-250 g) 
dosed i.p. with 10 mg of HPD in 0.15 M NaCl (1 ml). 

Enzyme assays. The sucrose density gradients were 
assayed for cytochrome P-450 and NADPH cytochrome c 
reductase as in [6] and RNA levels were measured as 
described in [7]. Aryl sulphatase C was measured as in [8]. 
N-Acetyl-P-glucosaminidase, neutral Lu-glucosidase, cata- 
lase, succinate dehydrogenase and S’nucleotidase assays 
were performed as in [5]. Subcellular fractionation results 
were computed by the method in [9] and plotted as relative 
concentration against density. 

Electron microscopy and morphometry. For electron 
microscopy 1 mm cubes of liver were fixed for 2 hr in 3% 
glutaraldehyde in 100 mM sodium cacodylate buffer pH 7.4 
containing 5% sucrose; post-fixed in 1% 0~0~ and 1% 
potassium ferrocyanide in cacodylate buffer for 2 hr at 4”. 

Morphometric methods were employed to estimate the 
relative proportions of rough and smooth endoplasmic 
reticulum (ER) in hepatocyte cytoplasm. Ultra-thin sec- 
tions were obtained from five randomly chosen tissue blocks 
of experimental and control liver and 30 micrographs at a 
final magnification of 29,000~ were recorded for each 

Neutral-a-Glu 

according to the method of Weibel et al. [lo]. A 1 cm point 
lattice was used to estimate the relative volume fraction 
(V,) of rough (rer) and smooth (ser) ER in relation to 
hepatocyte cytoplasm. All golgi elements were attributed 
to smooth ER as described in [lo]. The ratio V,,,, to V,,,, 
was calculated for each micrograph and the individual data 
pooled and logarithmically transformed to enable para- 
metric tests of analysis (t-tests) to be performed [ll]. 

Results 

Figure 1 compares the distribution profiles obtained for 
five enzyme activities associated with the endoplasmic retic- 
ulum in control animals and in rats treated with HPD. In 
the control animals (solid line), enzyme activities show a 
broad bimodal distribution with peaks at modal densities 
of 1.17 g.cmm3 and 1.22 g.cm-‘representing the smooth and 
the rough endoplasmic reticulum, respectively. Animals 
treated with HPD (dotted line), showed shifts in the distri- 
bution of four of the activities, to give a major peak at 
a density of approximately 1.23 g.cm-3 with an apparent 
decrease in the distribution at 1.17 g.cm-‘. The distribution 
of RNA also showed an increase in distribution at the 
higher density. Quantification of endoplasmic reticulum 
enzyme activities shown in Fig. 1, by integration of activity 
over discrete density intervals, indicated that the apparent 
change in distribution was primarily due to an increase in 
the amount of enzyme activity associated with the denser 
membranes rather than selective inhibition of enzyme 
associated with the smooth endoplasmic reticulum. This is 

Cytochrome P450 
p, 
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Fig. 1. Comparison of the subcellular distribution of endoplasmic reticulum markers in rat liver 
homogenates from control animals (-) and animals treated 24 hr previously with HPD (---). The 

distributions represent the mean of three separate experiments. 
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Table 1. Homogenate values of the measured endoplasmic reticulum activities 

Activity 
Enzyme Control HPD-Treated 

Neutral-~-glu~sidase 206 ” 57 177 t 17 
Aryl-sulphatase-C 288 2 36 262 2 51 
NADPH cytochrome C reductase 1479 2 104 1.511 ? 333 
Cytochrome P-450 7.8 -+ 1.8 7.2 + 1.0 
RNA 1.11 2 0.11 1.37 t 0.12 

The results are the mean of three individual estimates _’ SEM and expressed 
per g of liver. Activities are expressed as milliunits for enzymes, mg for RNA and 
nmoles for cytochromes. 

confirmed by examination of the homogenate activities as 
shown in Table 1, where no significant differences were 
observed between the control and HPD treated animals. 

Figure 2 shows the distribution of marker enzyme activi- 
ties for four of the major organelles in control and HPD 
treated rats: namely plasma membrane (5’nucleotidase), 
peroxisomes (cataiase), lysosomes (iV-acetyI+ghtcos- 
aminidase), and mitochondria (succinate dehydrogenase). 
There were no significant differences in distribution profiles 
between the controls and HPD-treated animals indicating 
that HPD treatment has not perturbed the equilibrium 
densities of these organelles. 

The livers of control and HPD-treated rats were exam- 
ined by transmission electron microscopy to investigate 
mo~hologica1 changes. The most striking difference was 
seen in the proportion of rough ER in the hepatocytes. The 
morphometric analysis indicated that the ratio V,,,: V,,,, 
decreased significantly (P = 1.79 X lo-‘) from 1.63 (95% 
confidence limits (CL) = 1.22-2.17) in the control to 0.36 
(95% CL = 0.276-1.6) in an HPD-treated liver. The 
increase in the rough ER seen after HPD treatment was 
not due to any alteration in the abundance of golgi com- 
ponents. No obvious changes were noted in ER in either 
endothelial or Kuppfer cells. Representative micrographs 
are shown in Fig. 3, where a preponderance of rough 
membrane can be seen in the liver from the HPD-treated 

5’ Nu~leotidase 
3-I 

rat (B). There were no striking changes in the morphology 
or abundance of the other major classes of organelles. 

Discussion 

Previous studies on the effects of HPD on the endo- 
plasmic reticuhtm have indicated that observed inhibition 
of cytochrome P-450 was by generation of singlet oxygen 
and hydroxyl radicals [3]. Enhanced lipid peroxidation was 
found in hepatic microsomes of HPD-treated rats [12]. 
However, these effects were only seen after exposure to 
HPD and subsequent UV irradiation of the membranes. In 
the present study we show that in the absence of UV 
radiation there is a significant alteration in the proportion 
of enrymic activities associated with the rough and smooth 
endoplasmic reticulum. All four enzyme activities associ- 
ated with the endopfasmic reticulum showed a similar 
behaviour, suggesting that this was a general effect on 
the endoplasmic reticulum, rather than on one particular 
activity. The shift in the distribution of RNA suggested 
that this was due to an increased association of ribosomes 
with the endoplasmic reticulum, thus increasing the pro- 
portion of rough membrane. This was confirmed by electron 
microscopic examination of liver samples, morphometric 
analysis indicating a fourfold decrease in the ratio of smooth 
to rough membrane (1.63 to 0.36) following HPD 
treatment. 
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Fig. 2. Comparison of the subcellular distribution of marker enzymes for some of the major organelles 
in rat liver homogenates from control animals (-) and animals treated 24 hr previously with HPD 

(---). The distributions represent the mean of three separate experiments. 
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Fig. 3. Electron micrographs (mag. 29,000~) of rat liver from control animals (A) and animals treated 
24 hr previously with HPD (B). 

Although this study was performed at 24 hr post adminis- 
tration of HPD, a time at which porphyrins arc associated 
with the lysosomes of Kupffer cells [2], these effects seem 
to be restricted to hepatocytes. However, the previous 
studies [2] had also suggested a rapid transit of porphyrins 
to the bile, which would almost certainly involve passage 
through the hepatocyte cytoplasm. The mechanism by 
which these changes are mediated is unknown but may 
involve effects of HPD on protein synthesis. These results 
also suggest a means by which the ratio of rough to smooth 
endoplasmic reticulum may be experimentally 
manipulated. 

In summary although we have previously shown that 
HPD does not accumulate in hepatocytes [2], HPD treat- 
ment has a marked effect of the subcellular distribution of 
endoplasmic reticulum enzymes in the hepatocyte. The 
alteration in subcellular distribution does not seem to be 
attributable to inhibition of enzyme activity, but rather to 
an increase in the proportion of rough membrane. This 
may be a reflection of increased protein synthetic activity, 
and certainly indicates that increased use of HPD as an 
anti-tumour agent should be accompanied by further inves- 
tigation of its metabolic effects on non-involved tissue. 
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