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in kidney somatomedin C and initial renal growth 
in diabetic and uninephrectomized rats 
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Summary. In a previous study we demonstrated that the kid- 
ney content of  somatomedin C was maximal one to two days 
after uninephrectomy or induction of diabetes, and that in- 
sulin treatment prevented an increase in kidney soma- 
tomedin C as well as kidney growth in diabetic animals. In the 
present study we ave examined the effect of  a somatostatin 
analogue on kidney somatomedin C and initial renal growth 
in the two experimental situations. The kidney hypertrophy in 
untreated diabetic animals amounted to 23% four days after 
streptozotocin injection and followed an increase in kidney 
somatomedin C content of  60% reaching the maximum after 
48 h. In young and old uninephrectomized rats kidney growth 
was 19% and 16% after four days. In young animals a prompt  
increase of 50% in kidney somatomedin C was seen as reach- 
ing the maximum after 24 h, while the somatomedin C con- 
tent in kidneys from old animals was maximal after 48 h (in- 

crease of 58%) in good accordance with the slightly slower 
kidney growth. The new findings of  the present study are 
that administration of  a long-acting somatostatin analogue 
(Sandostatin) effectively prevented the obligatory increase in 
kidney somatomedin C content as well as kidney growth both 
in experimental diabetes and after uninephrectomy. It is note- 
worthy that Sandostatin administration did not alter the meta- 
bolic state in diabetic animals indicating that the inhibition of 
kidney hypertrophy could not be attributed to improved meta- 
bolic control. The results thus support  1Lhe concept that soma- 
tomedin C is involved in initial diabetic and post-nephrec- 
tomy renal growth. 

Keywords: Diabetic nephropathy, hypertrophy, kidney, 
nephrectomy, rat, somatomedinC,  somatostatin-analogue, 
streptozotocin diabetes. 

Kidney growth in diabetes of recent onset has been 
compared to kidney growth following unilateral ne- 
phrectomy [1, 2]. The kidney growth has been extensive- 
ly studied and possible explanations have included in- 
volvement of various humoral factors [1, 3, 4] 

A role for the growth factor somatomedin C (SMC) 
has been proposed in recent biochemical studies [2, 5, 6] 
and in one immunohistochemical study [7]. 

It has recently been demonstrated that somatostatin 
infusion suppresses hyperfiltration and renal plasma 
flow in Type 1 (insulin-dependent) diabetic patients ap- 
parently by a direct effect [8, 9] and that a long-acting 
somatostatin analogue reduces renal growth in alloxan 
diabetic rats [10]. 

Bearing in mind the wide suppressive action of 
somatostatin on hormones, we investigated the effects 
o f a  somatostatin analogue on the kidney SMC accum- 
mulation in diabetic and uninephrectomized rats. 

Materials  and methods 

Male Wistar rats (Mollegaards Avlslab., Eiby, Denmark) were used in 
all studies. Diabetes was induced by intravenous injection of strepto- 
zotocin (STZ) (pH = 4.0) in a dose of 55 mg/kg body weight and in the 

studies dealing with post-nephrectomy renal growth, left-sided ne- 
phrectomy was performed under sodium barbital anaesthesia. In the 
diabetic animals blood glucose was measured daily (Haemo-Gluco- 
test 1-44 and Reflolux II, Boehringer-Mannheim, Mannheim, FRG) 
and the urine was tested for glucose and ketone bodies by Neostix-4 
(Ames, Stoke Poges, Slough, UK). All the animals were weighed every 
day. Blood (300 pA) was taken from the retrobulbar venous plexus 
through heparinized capillary tubes, centrifuged and serum frozen at 
-20~  for later analysis. The rats lived 3 to 5 in cages in a room with 
a 12:12h (06.00-18.00hour) artificial light cycle, temperature 
21 _ 2 ~ C and humidity 55 • 2%, with free access to food and water. 

Protocol 

The following four groups were studied: 1) diabetic rats (body weight: 
206-246g); 2) young, uninephrectomized rats (body weight: 
195-234 g); 3) old, uninephrectomized rats (body weight: 370-480 g); 
and 4) control rats (body weight: 202-240 g). 

In each group half of the animals were treated with Sandostatin 
(Sandoz, Ltd., Basel, Switzerland) by SC injections. The other half re- 
ceived an equivalent volume of 0.9% NaC1. The treatment by long- 
acting synthetic somatostafin analogue was started immediately after 
STZ injection or unilateral nephrectomy. A Sandostatin dose large 
enough to maintain hig]h diurnal serum concentrations (above 
lO00ng/1) was used, i.e. lOOlxg twice daily. The (right) kidneys 
removed during the experimental period were trimmed of fat, hilus 
and capsule, weighed and immediately frozen in liquid nitrogen. 
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Fig.IA-C. Changes over 4 days in kidney weight (left) and kidney 
somatomedin C (SMC) (right) in A: streptozotocin diabetic rats, un- 
treated (O----O), Sandostatin treated (0----0) and non-diabetic con- 
trols ((3); B: young and C: old unilaterally nephrectomized rats, un- 
treated (O-----O), Sandostatin treated (O-----O) and sham operated 
rats (O) * p<0.05, ** p<0.01 between untreated and Sandostatin 
treated diabetic and nephrectomized rats and compared to non- 
diabetic control and sham operated rats. Mean+ SEM, n= 5 for all 
studies except the diabetic study where n = 6 

In the first study dealing with diabetic rats, two groups (n = 6), with 
and without Sandostatin, were taken out each day for the following 
four days after STZ injection and their kidneys were removed under 
sodium barbital anaesthesia. Non-diabetic control rats were taken out 
on day 0 and day 4. Similarly, in the uninephrectomized animals, dur- 
ing the second and third study, two groups (n= 5), both with and with- 
out Sandostatin administration, had fight sided nephrectomies per- 
formed each day for the following four days. Normal rats at day 0, 
and sham operated rats at day 2 and day 4 served as controls. In the 
fourth study normal rats receiving Sandostatin underwent similar 
treatment, with two groups (n = 5) taken out each day. 

Somatomedin C extraction from kidney 

The sample was redissolved in 40 mmol/1 phosphate buffer, 
pH 8.0, at a ratio of 5 ml buffer/g tissue weight. Tissue extracts were 
kept at -20~ until SMC assay was performed. 

Somatomedin C radioimmunoassay 

SMC was estimated as described previously [2] using SMC antibody 
UB 286 (raised by L.E. Underwood and J.J. van Wyk, Paediatric 
Endocrinology, University of North Carolina, Chapel Hill, NC, USA) 
donated by the National Hormone and Pituitary Program. 

SMC immunoactivity was measured in diluted rat serum (1:400) 
after previous extraction in acetic-methanol [2]. 

Sandostatin radioimmunoassay 

Sandostatin, antibody and 125I-labelled antigen was donated by Drs. 
A. G. Harris and J. Rosenthaler (Sandoz, Ltd., Basel, Switzerland) and 
used as previously described [12]. 

Statistical analysis 

Statistics were performed using one-way analysis of variance 
(ANOVA) combined with the Bonferroni test for multiple compari- 
sons and unpaired Student's t-test. Significant differences between 
untreated and Sandostatin treated rats are shown in the figures, while 
the significance of changes within groups from day 0 level are given in 
the text. 

Results 

Kidney growth 

As s h o w n  in Figure  I (left) the diabet ic  (A) and  y o u n g  
u n i n e p h r e c t o m i z e d  rats (B) susta ined a rap id  increase 
in wet  k idney  weight ,  while a relatively s lower  g rowth  
was  seen in the o ld  u n i n e p h r e c t o m i z e d  rats (C). F o u r  
days  after STZ inject ion the increase f r o m  basel ine  
was 23% in diabet ic  rats ( 7 4 8 + 9 m g  (SEM)  to 
9 1 9 + 2 7 m g ,  p < 0 . 0 1 )  while increases o f  19% and  
16% were seen after  fou r  days in y o u n g  and  old  unine-  
ph rec tomized  rats (737 + 26 mg  to  880 + 29 mg, p =  0.02 
a n d  1230 +__ 45 m g  to 1429 +__ 67 mg, p = 0.01, respective- 
ly). I n  the n o r m a l  control  rats no  change  was  observed  
in k idney  weight  dur ing the four  days.  As i l lustrated 
in Figure 1, left (A, B, C) the adminis t ra t ion  o f  Sandos-  
tat in to  diabet ic  and  u n i n e p h r e c t o m i z e d  animals  effec- 
tively p reven ted  k idney  growth,  with no  differences f rom 
the non-d iabe t i c  or  sham-ope ra t ed  cont ro l  animals ,  re- 
spectively. Sandos ta t in  adminis t ra t ion  h a d  no  effect  on  
k idney  weight  in no rma l  animals  (data  no t  shown).  

It  is no t ewor thy  that  no  significant a l terat ion in b l o o d  
glucose  was seen in response  to Sandos ta t in  adminis t ra-  
t ion, i l lustrated in Figure 2 for  the  d iabet ic  animals .  

SMC extraction was performed according to D'Ercole [11] as 
previously described [2]. Briefly, the frozen kidney was homogenized 
on ice in 1 tool/1 acetic acid (5 ml/g tissue) with an Ultra Turrax 
TD 25 and further disrupted using a Potter Elvehjelm homogenizer. 
The extract was incubated on ice for 2 h, centrifuged at 4000 rev/min 
for 15 min and the supernatants decanted. The pellet was re-extracted 
once, the supernatants were pooled and lyophilized to dryness. 

Kidney somatomedin C 

The  change  in k idney  conten t  o f  S M C  is i l lustrated in 
Figure  1 (right). I n  the diabet ic  animals  (A) a p r o m p t  
increase o f  60% f rom basel ine was  seen, reach ing  a 
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Fig.2. Changes in blood glucose in streptozotocin diabetic rats, un- 
treated ( ~ - - - ~ )  and Sandostatin treated (~----O),  over 4days. 
Streptozotocin injected day 0 at a dose of 55 mg/kg i.v. Non-diabetic 
control rats (O-- -O) .  Mean + SEM. Day 0, n = 60. Diabetic groups: 
day 1, n =  24; day 2, n =  18; day 3, n =  12; day 4, n =  6. In non-diabetic 
controls each point represents 6 different animals 

maximum after 48h (340+28ng/g  (SEM) to 
544+55 ng/g, p<0.01). Over the following two days 
SMC content returned to the initial level. The diabetic 
animals treated with Sandostatin showed no significant 
change in kidney SMC during the observation period. 
In uninephrectomized rats the SMC content in the re- 
maining kidneys was maximal after 24 h in young rats 
(B), with an increase of 50% from day0 (from 
227 + 8 ng/g to 342___ 18 ng/g, p <  0.01), and four days 
after nephrectomy the kidney SMC was still significant- 
ly elevated (p= 0.01). Treatment with Sandostatin effec- 
tively prevented the increase in kidney SMC. In old 
uninephrectomized rats kidney SMC was maximal af- 
ter 48 h with an increase of 58% (279+8ng /g  to 
442 _+ 43 rig/g, p <  0.01) and again andostatin inhibited 
accumulation of kidney SMC. In the normal rats no 
changes were found in kidney SMC either with or with- 
out Sandostatin treatment (data not shown). 

Serum somatomedin C 

The untreated diabetic animals showed a 33% decrease 
from baseline in circulating SMC after four days, while 
the Sandostatin treated diabetic rats had even greater 
reduction of serum SMC, reaching 63% of day 0 levels 
(Fig. 3 A, left). 

Young uninephrectomized animals had a 14% de- 
crease in serum SMC four days after surgery when com- 
pared to sham operated ones (p=0.02), while old 
uninephrectomized rats had a decrease 24h after 
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Fig.3A-D. Changes over 4 days in serum somatomedin C (left) and 
body weight (right) in A: streptozotocin diabetic rats, untreated 
( 0 - - - 0 ) ,  Sandostatin treated ( O - - - O )  and non-diabetic control rats 
( 0  O); B: young and C: old unilaterally nephrectomized rats, un- 
treated (O----O), Sandostatin treated (1t----O) and sham operated 
control rats (O-----O); D: normal control rats, untreated (O-----O) and 
Sandostatin treated (11----O). * p<0.05, ** p<0.01 between un- 
treated and Sandostatin treated diabetic and nephrectomized rats and 
compared to non-diabetic control and sham operated rats. Mean +__ 
SEM. For serum SMC, day0 values represent all animals i.e. 
A: n = 60, B: n = 55, C: n = 50 and D: n = 45, while each point the fol- 
lowing days represents n = 6  in A and n =  5 in B-D. Body weight 
values include all animals day 0 and from day I to 4 each point repre- 
sents the remaining anim~ds i.e. n=24,  18, 12, 6 in the diabetic study, 
and n=20 ,  15, 10, 5 in the nephrectomy and normal control studies. 
Non-diabetic control rats (n = 6) and sham operated animals (n = 5) 

surgery amounting to 22% (p<0.01) and remained at 
this lower level throughout the observation period 
(Fig. 3 B, C (left)). Sandostatin treated groups had lower 
serum SMC than the untreated counterparts 
throughout the course of the experiment. Figure 3 D 
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(left) shows the slight decrease in serum SMC in normal 
control rats treated with Sandostatin, significantly 
lower only at day 2 compared to the untreated controls 
(1044 + 64 p~g/1 (SEM) vs 800 _+ 60 ~tg/1, p =  0.025). 

Body weight 

Both diabetic groups had a significant 13% (p<0.01) 
decrease in body weight two days after STZ (Fig.3A 
(right)) and there was no difference in body weight be- 
tween Sandostatin and untreated diabetic animals dur- 
ing the observation period. Young, uninephrectomized 
rats had a significant 10% weight loss 24h after 
surgery (p< 0.01) with an insignificant weight gain over 
the following three days (Fig.3B (right)). No dif- 
ference was found between the Sandostatin and the 
untreated groups. Old, uninephrectomized animals 
had a significant weight loss two days after surgery of 
7% (p= 0.02), no difference was found between treated 
and untreated groups (Fig.3C (right)). In the normal 
rats receiving Sandostatin no difference in body 
weight, except on day 3 (227 +5 g (SEM) vs 238+_3, 
p<0.01), was noted compared to the untreated con- 
trols (Fig.3D (right)). 

Discussion 

The present study confirms the findings in a recent 
paper that initial renal growth in diabetic and un- 
inephrectomized rats follows an increase in kidney 
SMC content [2]. The new findings are that administra- 
tion of a long-acting somatostatin analogue (Sandos- 
tatin) prevents the increase in kidney SMC and kidney 
growth in diabetic and uninephrectomized rats. Fur- 
thermore, it is demonstrated that the increase in kidney 
SMC in response to uninephrectomy peaks somewhat 
later in old rats than in young ones, being in accordance 
with the somewhat slower percentual increase in kidney 
weight in old animals. 

These results reinforce the proposal that SMC may 
have a central rote in initial renal growth in both 
diabetic and uninephrectomized rats. 

The experimental conditions were optimal for 
studies of initial diabetic renal hypertrophy, i.e. blood 
glucose concentrations around 25 mmol/l, no keton- 
uria and minimal body weight loss [1]. The changes in 
kidney weight in both diabetic and uninephrectomized 
animals are consistent with earlier findings [1, 2] and the 
fact that strict insulin treatment prevents both diabetic 
kidney growth and the increase in kidney soma- 
tomedin C [2] indicates that these changes are not 
caused by streptozotocin per se. 

A few studies have appeared dealing with the effect 
of  somatostatin and its synthetic analogues on kidney 
function. Somatostatin and Sandostatin infusion in 
Type 1 diabetic patients immediately suppresses hyper- 
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filtration and renal plasma flow, apparently by a direct 
action on vascular smooth muscle [8, 9]. Furthermore, 
the administration of Sandostatin to alloxan diabetic 
rats has been shown to reduce initial renal hypertrophy 
[10], but no measurements of growth factors were per- 
formed in this latter paper. 

In the present study the initial kidney growth in 
diabetic and uninephrectomized rats was prevented, 
while Steer et al. [10] found only a relative inhibition of 
renal growth in diabetic rats. This difference is probably 
due to the smaller Sandostatin dose used. 

Administration of native somatostatin or Sando- 
statin has resulted in decreased fasting blood glucose 
and a reduction in postprandial hyperglycaemia in 
Type 1 diabetic patients [13]. Our results in rats, how- 
ever, being in accordance with the findings of Steer et 
al. [10], showed no effects on blood glucose in Sando- 
statin treated diabetic rats. The tendency towards dif- 
ferences in body weight between Sandostatin and un- 
treated diabetic animals after four days in the present 
study is, however, possibly related to the more pro- 
nounced decrease in serum SMC in the former. 

Compensatory kidney growth after unilateral 
nephrectomy seems favourable from a physiological 
point of view, although it has been reported that glome- 
rular sclerosis may develop in the remaining kidney 
after nephrectomy [14, 15]. 

Renal hypertrophy and hyperfunction in diabetes 
have been suggested as initiating or accelerating late 
diabetic nephropathy [16, 17], although the exact mech- 
anism is unknown. The possible role of growth hor- 
mone in relation to diabetic nephropathy remains con- 
troversial [18-20]. However, in diabetic rats growth 
hormone secretion is inhibited [21, 22] rather than para- 
doxically stimulated as in diabetes in man. 

The precise mechanism of the effects of Sandostatin 
on kidney SMC and kidney growth remains unsolved. 
The effects may well, at least in uninephrectomized ani- 
mals, be mediated through a suppression of growth hor- 
mone secretion, since postnephrectomy renal growth in 
parts depends on the presence of an intact pituitary [5, 
23]. Although our present findings are no proof of a di- 
rect effect of Sandostatin on kidney level, the lack of in- 
crease in kidney tissue SMC in diabetic rats during San- 
dostatin administration seems to point to a direct effect 
on local production, since growth hormone secretion is 
already reduced in diabetic rats as mentioned above [21, 
22]. However, serum SMC is also reduced during San- 
dostatin administration and a direct inhibitory effect on 
hepatic SMC formation may also participate in the re- 
duced SMC accumulation in the kidney. 

The question of whether the SMC accumulation in 
hypertrophying kidneys is due to local synthesis or to 
increased uptake of circulating SMC and whether the 
Sandostatin effect is principally local or hepatic could 
probably be solved through perfusion studies of iso- 
lated kidney tissue and in studies with determination of 
kidney IGF-I mRNA levels. 
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In conclusion, the fact that metabolic control is not 
improved in diabetic animals receiving Sandostatin, 
taken together with the totally absent increase in kidney 
SMC and kidney growth, would strongly suggest a role 
of SMC in initial diabetic renal hypertrophy. In addi- 
tion, the present study gives further evidence for the role 
of SMC in compensatory renal growth, since the in- 
crease in kidney SMC as well as the kidney growth is 
also effectively prevented by Sandostatin. 

Acknowledgements. We are grateful to Drs. L.E. Underwood and J.J. 
van Wyk and the National Hormone and Pituitary Program for the 
gifts of somatomedin C antiserum. Furthermore, we want to thank 
Drs. A. G. Harris and J. Rosenthaler (Sandoz Ltd., Basel, Switzerland) 
for Sandostatin and ingredients for Sandostatin radioimmunoassay. 
We are indebted to Ms. K, Nyborg for skilled technical assistance and 
to Ms. A.Andersen for secretarial help. This study was supported by 
grants from the Danish Diabetes Association and the Danish Medical 
Research Council (Grant no. 12-7713). 

References 

1. Seyer-HansenK (1983) Renal hypertrophy in experimental 
diabetes mellitus. Kidney Int 23 : 643-646 

2. Flyvbjerg A, Thorlacius-Ussing O, N~eraa R, Ingerslev J, 
Orskov H (1988) Kidney tissue somatomedin C and initial renal 
growth in diabetic and uninephrectomized rats. Diabetologia 31: 
310-314 

3. Mogensen CE (1982) Diabetes mellitus and the kidney. An intro- 
duction. Kidney Int 21:673-675 

4. Fine L (1986) The biology of renal hypertrophy. Kidney Int 29: 
619-634 

5. Stiles AD, Sosenko IRS, D'Ercole AJ, Smith BT (1985) Relations 
of kidney tissue somatomedin-C/insulin-like growth factor I to 
postnephrectomy renal growth in the rat. Endocrinology 117: 
239%2401 

6. FaginJA, MelmedS (1987) Relative increase in insulin-like 
growth factor I messenger ribonucleic acid levels in compensatory 
renal hypertrophy. Endocrinology 120:718-724 

7. Anderson GL, Skottner A, Jennische E (1988) Immunocytochemi- 
cal and biochemical localization of insulin-like growth factor I in 
the kidney of rats before and after uninephrectomy. Acta Endo- 
crinol (Copenh) 119:555-560 

8. Vora J, Owens DR, Luzio S, Atiea J, Ryder R, Hayes TM (1987) 
Renal response to intravenous somatostatin in insulin-dependent 
diabetic patients and normal subjects. J Clin Endocrinol Metab 
64:975-979 

9. Christensen SE, Pedersen MM, Christiansen JS, Orskov H, Mo- 
gensen CE (1988) Acute effects of the somatostatin analogue SMS 
201-995 on kidney function in IDDM. Diab Res Clin Prac 5 
[Suppl 1]: $87 [abstract] 

10. Steer KA, Sochor M, Kunjara S, Doepfner W, McLean P (1988) 
The effect of a somatostatin analogue (SMS 201-995, Sandostatin) 
on the concentration of phosphoribosyl pyrophosphate and the 

265 

activity of the pentose phosphate pathway in the early renal hyper- 
trophy of experimental diabetes in the rat. Biochem Med Metab 
Biol 39:226-233 

11. D'Ercole AJ, Stiles AD, Underwood LE (1984) Tissue concentra- 
tion of somatomedin C: Further evidence for multiple sites of syn- 
thesis and paracrine/autocrine mechanisms of action. Proc Natl 
Acad Sci USA 81 : 935-939 

12. Christensen SE, Weeke J, Orskov H, Medler N0 Flyvbjerg A, Har- 
ris AG, Lund E, JorgensenJ (1987) Continuous subcutaneous 
pump infusion of somatostatin analogue SMS 201-995 versus 
subcutaneous injection schedule in acromegalic patients. Clin 
Endocrinol 27:297-306 

13. Plewe G, Noelken G, Krause U, Beyer J, del Pozo E (1987) Sup- 
pression of growth hormone and somatomedin C by longacting 
somatostatin analogue SMS 201-995 in type I diabetes mellitus. 
Horm Res 27:7-12 

14. Grond J, Schilthuis MS, Koudstaal J, Elema JD (1982) Mesangial 
function and glomernlar sclerosis in rats after unilateral nephrec- 
tomy. Kidney Int 22:338-343 

15. Zucchelli P, Cagnoli L, Casanova S, Donini U, Pasquali S (1983) 
Focal glomerulosclerosis in patients with unilateral nephrectomy, 
Kidney Int 24:649-655 

16. Brenner BM, Hostetter TH, Olsen JL, Rennke HG, Venkatacha- 
lain MA (1981) The role of glomerular hyperfiltration in the initia- 
tion and progression of diabetic nephropathy, Acta Endocrinol 
(Copenh) 97: [Suppl 242]: 7-10 

17. Mogensen CE (1986) Early glomerular hyperfiltration in insulin- 
dependent diabetics and late nephropathy. Scand J Clin Lab 
Invest 46:201-206 

18. HansenAaP, Mogensen CE (1972) Growth hormone secretion 
and kidney function during normalization of the metabolic state 
in newly diagnosed juvenile diabetes. Horm Metab Res 4: 11-15 

19. Seyer-Hansen K, Gundersen HJG, Osterby R (1981) Acute renal 
hypertrophy in experimental diabetes: Lack of effect of short-term 
growth hormone administration. Diabetologia 21 : 374-375 

20. OrskovH (1985) Growth hormone hyperproduction inducing 
some of the vicious circles in diabetes mellitus. Acta Meal Scand 
217:343-346 

21. Robinson ICAF, Clark RG, Carlsson LMS (1987) Insulin, IGF-I 
and growth in diabetic rats (Letter). Nature 326:549 

22. Scheiwiller E, Guler H-P, MarryweatherJ, Scandella C, Maer- 
ki W, ZapfJ, Froesch ER (1986) Growth restoration of insulin- 
deficient diabetic rats by recombinant human insulin-like growth 
factor I. Nature 323:169-171 

23. Fogelman A, Goldman R (1966) Effects of hypophysectomy and 
growth hormone on renal compensatory hypertrophy in rats. Proc 
Soc Exp Biol Med 122:568-573 

Received: 20 October 1988 
and in revised form: 20 Feblnaary 1989 

Dr. Allan Flyvbjerg 
Second University Clinic of Internal Medicine 
Kommunehospitalet 
DK-8000 Aarhus C 
Denmark 

Addendum 

With regret we have to state that in our previous publication (Ref. 2) in this journal we made the mistake of twice correcting a dilution factor. This 
implies that the kidney SMC values of that paper must be divided by five to give correct values comparable with the present levels. 


