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SUMMARY 

In this study, we characterize transgenic mice carrying fusion genes, in which the 
genes coding for human (h) or bovine (b) growth hormone (GH) have been put 
under the transcriptional control of the mouse metallothionein I (MT) or the rat 
phosphoenolpyruvate carboxykinase (PCK) promoter as models for investigating 
the long-term effects of elevated GH on life expectancy. Circulating GH concentra- 
tions ranged from 3000 to 900 000 ng/ml, from 320 to 2960 ng/ml and from 34 to 
1050 ng/ml in transgenic mice belonging to the MThGH, the PCKbGH and the 
MTbGH groups, respectively, and were high on a short-, medium-, and long-term 
basis. As a consequence of excess GH in their serum, GH transgenic mice exhibited 
drastically reduced life span which was primarily due to severe kidney lesions 
(glomerular hypertrophy, sclerosis and hyalinosis associated with tubulo-interstitial 
changes) consistently found in these animals. Alterations of the liver observed in 
transgenic mice included both hepatocellularmegaly and various degrees of 
regressive, regenerative and fibrotic changes. In older MTbGH and PCKbGH trans- 
genic mice, hepatocellular neoplasms including both adenoma and carcinoma were 
frequently found in addition to non-neoplastic changes. Our study points out the 
suitability of GH transgenic mice to evaluate the effects of various levels of GH in 
long-term studies without having to take antibody production against the 
heterologous hormone into account. Findings in GH transgenic animals suggest that 
the long-term benefits and risks of GH therapy should be carefully evaluated. 
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INTRODUCTION 

Ageing is an inevitable aspect of living and results from a sequence of events 
occurring on the molecular, cellular and systemic level of an individual. Molecular 
theories of ageing mainly assume that the life span of any species is governed by 
gene-environment interactions, while cellular theories include structural and func- 
tional changes of cellular components that occur as a function of age. Systemic theo- 
ries ascribe ageing of the entire organism to a reduced function of a key system, such 
as the immune, nervous and endocrine systems [1]. 

The efficiency of hypothalamo-pituitary signals, e.g. in the growth hormone (GH) 
cascade, is known to be altered with ageing; basal and GH-releasing hormone- 
stimulated secretion of GH declines in elderly human beings and in animals as well 
[2-7]. Substitution of GH is therefore a current therapeutic approach of geriatric 
medicine [8]. Rudman et al. [9] studied the effects of human GH given three times 
a week in a dosage of 30 #g/kg body mass in men over 60 years of age. The adminis- 
tration of hGH for 6 months resulted in a significant increase in lean body mass 
accompanied by a decrease in adipose-tissue mass. Furthermore, the mean 
concentration of circulating insulin like growth factor I (IGF I) rose to a youthful 
range during treatment. A pilot study of Kaiser et al. [10] also suggested GH therapy 
to be an effective way of maintaining and enhancing body weight in malnourished 
older individuals. In mice, long-term growth hormone treatment (30/zg per mouse 
twice weekly) was reported to even prolong life expectancy [11]. 

Since a potentially unlimited supply of GH, free of pituitary contaminants, is 
provided by recombinant biotechnology [12], a plethora of clinical applications of 
growth hormone therapy has been found. While the objective of GH treatment has 
traditionally been to increase the growth rate and adult height of short statured GH- 
deficient children, wider pediatric indications for GH therapy include Turner's syn- 
drome, skeletal dysplasia, intrauterine growth retardation, delay of pubertal de- 
velopment, chronic illness, catabolic states as well as regeneration and repair 
processes [13,14]. Symptoms of GH deficiency in adults, like psychological malad- 
justment, reduced muscle strength and exercise capacity, sub-normal kidney func- 
tion and cardiovascular problems have also been shown to be positively influenced 
by GH in short-term treatment trials [15,16]. 

In spite of these enthusiastic results of GH therapy there is recent concern about 
ethical and medical risks especially in treating patients that do not meet the classic 
symptoms of GH deficiency [17,18]. Therefore, the need for animal models which 
provide evidence for the long-term benefits and risks of elevated GH in an organism 
arises. 
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Transgenic mice expressing foreign GH or GH-releasing factor (GRF) genes have 
been established as valuable tools to study the consequences of long-term elevated 
circulating growth hormone [19-21]. In this study, we report the effects of species 
and level of expression of GH transgenes on life expectancy of mice. 

MATERIAL AND METHODS 

Animals 
Transgenic founder animals harbouring fusion genes in which the coding region 

of the human growth hormone (hGH) gene is transcriptionally controlled by the 
mouse metallothionein I (MT) promoter were produced by pronuclear microinjec- 
tion as described elsewhere [19,22]. Zygotes were obtained from superovulated 
donors belonging to an outbred stock of mice (Pop) based on the NMRI strain [23]. 
Three independent lines of MThGH transgenic mice were established by mating 
hemizygous founder animals and subsequently transgenic progeny with non- 
transgenic Pop mice. Litters therefore statistically consisted of 50% hemizygous 
transgenic and of 50% non-transgenic mice which served as controls in our experi- 
ments. Since transgenic mice belonging to these three lines were not significantly dif- 
ferent in any trait investigated (data not shown), data from these animals were 
pooled and the resulting large group of mice is referred to as MThGH. 

Two lines of mice carrying the bovine growth hormone (bGH) gene driven by 
either the MT or the rat phosphoenolpyruvate carboxykinase (PCK) promoter were 
established by mating transgenic mice (originally generated [24,25] and kindly pro- 
vided by T.E. Wagner, The Edison Biotechnology Center, Athens, Ohio, USA) with 
Pop mice as described above. Four generations of transgenic individuals and con- 
trols were included in this study. The presence of the foreign GH fusion genes was 
detected by Southern or slot blot hybridization [26,27]. Throughout the experiment 
all animals were kept under identical conventional (non-barrier) conditions 
(21 4- loC; 55 4- 3% relative humidity; 12/12-h light/dark cycle). Altromin 1324 lab- 
oratory diet and tap water were supplied ad libitum. Detailed information on the 
housing conditions including the pathogens in the colony is provided elsewhere [28]. 

Detection of circulating growth hormone 
Blood samples were taken from transgenic mice and controls by orbital puncture 

under ether anesthesia and were allowed to clot for 1 h at 4°C. Blood samples were 
taken repeatedly from some animals to investigate the short-, medium- and long- 
term pattern of GH production in GH transgenic mice. After centrifugation (2 x 10 
min, 15 000 × g) concentration of hGH in serum samples from MThGH transgenic 
mice was measured using a commercial immunoradiometric assay (Hybritech 
Tandem-R ® hGH assay) which has been proven to be suitable for this purpose and 
does not measure GH in serum samples from nontransgenic controls [29]. Serum lev- 
els of bGH were quantified by radioimmunoassay [30]. Levels of GH measured in 
control serum with this assay were below 10 ng/ml. 
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To determine the molecular forms of  foreign G H  in the serum of transgenic mice, 

serum proteins were separated by SDS-polyacrylamide gel electrophoresis (PAGE) 

and subsequently transferred to Hybond-C nitrocellulose (Amersham, UK) by elec- 
troblotting. Immunodetection of  h G H  and bGH,  respectively, was performed accor- 

ding to Amersham's  ECL Western blotting protocols using polyclonal primary 
antibodies raised in rabbits (Fig. 2). 

Clinical and pathological investigations 

All animals were regularly monitored for clinical symptoms by inspection and 
recording of body weight. Unhealthy mice which were euthanized for ethical reasons 

were sacrificed by bleeding under ether anesthesia. The date of  euthanasia was used 
for calculation of  life expectancy. Post mortems of  sacrificed and spontaneously 

dead mice were carried out to establish the causes of  disease and death. After 

macroscopic examination, tissue specimens of  the internal organs were routinely 
processed for histological examination [19]. 

Statist ical analysis 

Analysis of  variance was carried out on the data obtained for serum G H  levels 

and life expectancy from transgenic mice and controls. Data obtained for serum G H  

concentrations were transformed to common logarithms before analysis to approxi- 

mate normal distribution of  values. The statistical model employed contained group, 
sex and the interaction group x sex as fixed effects. The General Linear Models 

(GLM) procedure (SAS, version 6.0) was used to calculate least squares means 
(LSM) and standard errors (S.E.) of  LSM. LSM obtained for males and females 
belonging to different groups were compared using Student t-tests. 

TABLE I 

EFFECTS OF GROUP AND SEX ON SERUM GH LEVELS AND LIFE EXPECTANCY OF GH 
TRANSGENIC MICE (ANALYSIS OF VARIANCE) 

Dependent variable Fixed effect D.F. Mean square F value PR > F 

Log serum GH Group 2 130.04 662.98 0.0001 
concentration a 

Sex 1 0.70 3.58 0.0594 
Group x sex 2 0.51 2.59 0.0765 

Life expectancy Group 3 3182229.65 218.43 0.0001 
Sex 1 40431.30 2.78 0.0967 
Group × sex 3 29445.53 2.02 0.1107 

aValues were transformed to common logarithms to approximate normal distribution. 
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RESULTS 

Expression of GH fusion genes in transgenic mice 
Analysis  o f  variance revealed G H  levels in the serum of  transgenic mice  to be 

significantly influenced by group, whereas sex and the interaction group x sex 

reached the borderline o f  statistical significance (Table I). Circulating G H  concen-  

trations ranged 3 0 0 0 - 9 0 0  000 ng/ml, 3 2 0 - 2 9 6 0  ng/ml and 3 4 - 1 0 5 0  ng/ml in trans- 
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Fig. 1. Schematic plots of GH concentrations in serum samples from MThGH, PCKbGH and MTbGH 
transgenic mice. The bottom and top edges of the narrow and the wide boxes are located at the sample 
10th and 90th percentiles and the sample 25th and 75th percentiles, respectively. The center horizontal 
line is drawn at the sample median. Minimum and maximum values are also shown. 
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TABLE II 

CONCENTRATIONS OF C I R C U L A T I N G  GH (ng/rnl) IN GH T R A N S G E N I C  MICE 

Group of mice Male Female o": c2 
within 

n LSM S.E. n LSM S.E. group 

MTbGH 22 204 a 1.2 21 98 a 1.2 P < 0.05 
PCKbGH 25 1447 b 1.2 26 1253 b 1.2 N.S. 
MThGH 124 36183 c 1.1 110 37531 c 1.1 N.S. 

Least squares means (LSM) of  logarithmic GH levels were compared using Student t-tests. The table 
shows retransformed data. Values with different superscripts are significantly different within sex 
(P < 0.001). N.S., not  statistically significant. 

TABLE III 

LONG-, M E DIUM -  A N D  S HOR T -T E R M  VARIATION OF C I R C U L A T I N G  GH IN GH TRANS-  
GENIC MICE 

Experimental procedure Animal 

No. Sex Age 
(days) a 

Circulating GH (ng/ml) 

Mean S.D. C V 

Long-term trial: 8 blood samples 12 ce 91 39 433 26 636 68% 
taken in weekly intervals from 14 o" 91 19 500 3302 17% 
MThGH transgenic mice 18 9 91 24 671 12 219 50% 

20 9 91 33 375 11 779 35% 

Medium trial: 7 blood samples 
taken in intervals of  1-3 days 
from M T h G H  transgenic mice 

Medium-term trial: 6 blood samples 
taken in intervals of  1-3 days 
from MTbGH transgenic mice 

Medium-term trial: 6 blood samples 
taken in intervals of  1-3 days 
from PCKbGH transgenic mice 

74 ~ 144 21 686 1918 9% 
76 ~ 144 37 817 9937 26% 
84 9 144 40 786 16 662 41% 
85 9 144 36 486 10 708 29% 

38 ~ 115 165 61 37% 
39 ~ 115 245 70 29% 
40 ~ 115 124 57 46% 
42 9 115 56 11 20% 
44 9 115 68 20 29% 

15 ~ 143 1812 259 14% 
17 ~ 143 2121 548 26% 
20 9 143 1856 309 17% 
23 9 143 1710 838 49% 
25 9 143 1065 344 32% 

Short-term trial: 8 blood samples 26 o" 162 38 963 5033 13% 
taken in intervals of  1 h from 31 cr 139 12 250 4245 35% 
M T h G H  transgenic mice 32 9 139 24 213 3683 15% 

33 9 139 14 200 2816 20% 

aAge at the beginning of the experiment; S.D., standard deviation; CV, coefficient of  variation. 
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genic mice belonging to the MThGH, PCKbGH and MTbGH group, respectively 
(Fig. 1). Least squares means (LSM) calculated for serum GH levels were significant- 
ly different when groups were compared within sex (P < 0.001; Table II). A com- 
parison of males and females within groups revealed male MTbGH transgenic mice 
to exhibit significantly higher serum GH concentrations than their female counter- 
parts (P < 0.05), whereas the remaining two transgenic groups did not show a signi- 
ficant sex-related difference with respect to this parameter (Table II). In order to 
judge the pattern of circulating GH, serum samples from transgenic mice were taken 
repeatedly in intervals of 1 h to 1 week over a period of 8 h to 8 weeks. Circulating 
levels of GH were continuously high on a long-, medium- and short-term basis 
(Table III). Coefficients of variation calculated for GH values measured in serum 
samples from individual animals ranged over 17-68%, 9-49% and 13-35% in the 
long-, medium- and short-term trials, respectively. 

Western blot analysis revealed solely 22 kDa bGH to be present in serum samples 
from MTbGH and PCKbGH transgenic mice whereas serum samples from MThGH 
transgenic mice contained various molecular forms of immunoreactive hGH (mainly 
22 kDa, but also 26 kDa, 20 kDa and 16 kDa; Fig. 2). 

26 kDa 
22 kDa 
20 kDa 
16 kDa 

t 

Fig. 2. Western blot analysis of serum samples from MThGH, PCKbGH and MTbGH transgenic mice. 
Serum samples (5 v,l) were diluted 1:10 (MThGH) or 1:2 (PCKbGH, MTbGH) with 5 mM Tris-HCl (pH 
6.8) and subsequently mixed with an equal volume of 2x  sample buffer (5% glycerol, 10% 
2-mercaptoethanol, 4% SDS and 10 mM Tris-HCl, pH 6.8), boiled (5 min) and loaded on a 5% stack- 
ing/15% separating SDS-polyacrylamide gel (5 tzl/slot). Electrophoresis was performed in a Mini- 
Protean ® II Dual Slab Cell (Bio-Rad) for 5 min at 100 V and then for 45 min at 180 V. Proteins were 
transferred to Hybond-C nitrocellulose (Amersham) using a horizontal semi-dry electroblotting system 
(Sartorius). Immunodetection of hGH and bGH, respectively, was performed according to Amersham's 
ECL Western blotting protocols. Briefly, the blots were blocked in 5% bovine serum albumin (BSA) in 
PBS-0.1% Tween 20 (PBS-T) for 2 h at 37°C. After washing (3 x 10 min in PBS-T) the filters were in- 
cubated in 1:1000 dilutions of a rabbit-anti-hGH (UCB) and a rabbit-anti-bGH antiserum (a kind gift 
from D. Schams), respectively (12 h, 37°C). After washing (see above) the blots were soaked for 1 h in 
a 1:1000 dilution of horseradish peroxidase-labelled goat-anti-rabbit-antibodies (UCB), washed again and 
incubated in ECL detection reagents (Amersham) for 60 s. The blots were exposed to Kodak X- 
OMAT TM scientific imaging film for 2 s. Developing and fixing chemicals were also obtained from 
Kodak. Serum samples from nontransgenic littermates served as negative and recombinant (r) hGH (Lil- 
ly) and bGH (Monsanto) as positive controls. 
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TABLE IV 

LIFE EXPECTANCY (DAYS) OF GH T R A N S G E N I C  MICE AND CONTROLS 

Group o f  mice Male Female 

n L S M  S.E. n L S M  S.E. 

(2e.' ~ 

within 
group 

Control 32 627 a 21 40 559 a 19 N.S. 
MTbGH 31 316b 21 18 348b 28 N.S. 
PCKbGH 23 307 b 25 36 257 c 20 N.S. 
MThGH 85 163 c 13 83 153 d 13 N.S. 

Least squares means (LSM) were compared using Student t-tests. Values with different superscripts are 
significantly different within sex (P < 0.001). N.S., not statistically significant. 

Life expectancy of GH transgenic mice versus controls 
The fixed effect 'group' significantly influenced life expectancy as shown by analy- 

sis of variance (Table I). LSM and standard errors (S.E.) of LSM calculated for life 
expectancy of GH transgenic mice and controls are summarized in Table IV. A com- 
parison of groups within sex revealed controls to reach the highest age followed by 
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MTbGH, PCKbGH and MThGH transgenic mice. These differences were 
statistically significant (P < 0.001) except for the difference between MTbGH and 
PCKbGH transgenic males. None of the groups displayed a significant sex-related 
difference in longevity. One year survival rates corresponded to 90% in controls, 44% 
in MTbGH, 25% in PCKbGH and 3% in MThGH transgenic mice (Fig. 3). Maxi- 
mum life expectancies were 17, 18 and 24 months in the MThGH, PCKbGH and 
MTbGH groups, respectively, whereas 28% of the controls reached ages greater than 
2 years. There was no significant correlation between life expectancy and serum GH 
levels within groups (data not shown). 

Clinical and pathological findings 
The majority of MThGH transgenic mice displayed severe health afflictions at 

very early ages. The first symptoms of morbidity were a rough coat and a reduction 
of spontaneous motility. A dramatic loss of body weight was recorded by regularly 
weighing the animals and was obvious when the contours of the spinal cord became 
visible through the coat. Post mortems confirmed bad nutritional condition: most 
animals were cachectic with only a few mice possessing marginal mesenterial fat de- 
posits. Apart from a general enlargement of inner organs, severe organ damage was 
found with pathomorphological changes of kidneys (glomerular hypertrophy, 
sclerosis and hyalinosis associated with tubulo-interstitial changes), liver (hepato- 
cellularmegaly and various degrees of regressive, regenerative and fibrotic changes) 
and heart (multifocal myocardial fibrosis) being predominant. We have described 
our findings in detail elsewhere [19,20] and were able to confirm them using a larger 
number of animals in the present study. MTbGH and PCKbGH transgenic mice 
showed similar clinical symptoms and pathomorphological changes as did MThGH 
mice. Detailed post mortems were carried out on 18 (13o', 5 9 ) MTbGH and on 20 
(10o', 10 9 ) PCKbGH transgenic mice. The majority of these animals (15 MTbGH 
and 16 PCKbGH transgenic mice) demonstrated severe kidney lesions which were 
identical to those observed in MThGH transgenic mice. In seven bGH transgenic 
mice the degree of kidney lesions appeared less severe and liver dystrophy (n = 3), 
intestinal occlusion (n = 2), adenocarcinoma of lungs (n = 1) and severe pneumonia 
(n = 1) were considered as the primary cause of death in these animals. Furthermore, 
various stages of hepatic changes mirroring those seen in MThGH transgenic mice 
were consistently observed in both groups of bGH transgenic mice. Apart from non- 
neoplastic alterations, hepatocellular neoplasms including both adenoma and car- 
cinoma were found in 14 of 21 bGH transgenic mice older than 11 months. Myocar- 
dial fibroses were seen in four MTbGH and in eight PCKbGH transgenic mice. 

DISCUSSION 

Suitable model systems for investigating physiological and possible side effects of 
a hormonal substance are prerequisitory to estimate the safety of  prolonged 
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therapeutical application of the particular hormone. A number of attempts have 
been made to simulate the consequences of high levels of homologous or 
heterologous GH in animals. 

The growth promoting activity of GH has impressively been demonstrated already 
several decades ago by injection of pituitary-derived GH into intact, hypophysec- 
tomized and thyroidectomized rats [31-35]. More recent studies point out the influ- 
ence of different regimens of application (intermittent injection versus continuous 
infusion) on the biological efficiency of GH [36,37]. However, all experiments in- 
volving treatment of animals with heterologous GH may be disturbed by immuno- 
logical reactions. A neutralizing effect of hGH antibodies on GH stimulated body 
weight gain was found in hGH injected hypophysectomized female rats after a 
17-20-day treatment period [38]. Similarly, 39 out of 40 female rats which received 
0.5, 3.3, or 25 I.U. of biosynthetic hGH per kg body mass per day developed anti- 
bodies to hGH after 3 weeks [39]. Khansari and Gustad [11] investigated the effects 
of GH on immune function of aged mice and injected 15-month-old Balb/c males 
twice a week subcutaneously with 30 #g of human GH. While applicating a foreign 
antigen over a period of 13 weeks and after a lag period of 4 weeks, for another 6 
weeks, the authors did not observe any antibody response. This information was, 
however, given as preliminary observation. The main effect seen in this study was 
a prolonged life expectancy of the GH treated mice. 

In a transcaryotic gene therapy experiment, Chang et al. [40,41] grafted rats with 
genetically modified autologous fibroblasts which produced human growth hor- 
mone. All recipient animals developed extremely high titres of antibodies against the 
circulating human growth hormone within two weeks of grafting. This reaction was, 
after a delay of 1 month, even observed when immunologically immature neonatal 
rats were used as recipients. These results underline that reliable long-term studies 
on the physiological function of a postnatally applicated foreign GH are not possible 
without using immunosuppressants. 

Another approach of producing high levels of homologous growth hormone in the 
serum of rats is the transplantation of functioning pituitary tumours. However, these 
tumours as a rule do not only secrete GH but also other hypophysial peptides (e.g. 
adrenocorticotropic hormone, prolactin) [42,43]. Alterations observed in these ani- 
mals therefore cannot exclusively be interpreted as an effect of GH. Furthermore, 
catabolic or toxic changes by the tumor-bearing condition have to be taken into con- 
sideration [43]. 

Transgenic technology, however, allows the introduction of a known gene coding 
for a normally foreign antigen into the genome of an animal. The former antigen is 
synthesized by the transgenic animal as an authentic self molecule, synthesis com- 
monly following the developmental, metabolic and tissue-specific regulation of the 
particular promoter sequence employed. 

We used transgenic mice carrying gene constructs in which the human or bovine 
GH genes were put under the transcriptional control of the MT or the PCK 
promoter. 
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Metallothionein genes are expressed both pre- and postnatally in a variety of tis- 
sues in animals as well as humans [44,45]. Similarly, expression of GH genes driven 
by the MT promoter has been found to start from embryonic day 13 onward in 
transgenic mice which will thereby develop immunological tolerance to the foreign 
peptides [46-48]. The level of expression of MT driven genes in transgenic mice can 
be drastically increased by addition of heavy metal ions to the drinking water [46]. 

The gene coding for cytosolic PCK (GTP; EC 4.1.1.32), a pace-setting enzyme in 
gluconeogenesis, is expressed in multiple tissues and regulated in a complex tissue- 
specific manner [49,50]. In the liver, for example, cyclic AMP, glucocorticoids, thy- 
roid hormone, prolactin and retinoic acid are inducers, and insulin and diacylglyce- 
rol are inhibitors [50]. The expression of the bGH structural gene under the 
transcriptional control of 460 base pairs of the PCK 5' regulatory sequences mirrors 
the expression of the endogenous PCK with respect to both tissue specificity and 
developmental pattern. While the predominant site of PCKbGH transgene expres- 
sion is the liver [24], bGH-specific mRNA is also present in kidney, adipose tissue, 
intestine and mammary gland [25]. Expression starts at day 19 of fetal development 
and rises approximately 200-fold after birth [51]. The transcriptional activity of the 
PCKbGH fusion gene in transgenic mice is responsive to dietary regulation. Diets 
high in carbohydrate markedly depress the activity of the PCK promoter by increas- 
ing the level of insulin in the serum, while starvation, or a diet devoid of carbohy- 
drate but high in protein stimulates transgene expression [24]. In spite of the relative- 
ly late onset of bGH synthesis as compared to MT promoter driven GH transgene 
expression, PCKbGH transgenic mice do not seem to produce neutralizing anti- 
bGH-antibodies as evidenced by (i) the drastically increased growth rate of 
PCKbGH transgenic mice up to an age of at least 4 months (Ref. 24; unpublished 
data), (ii) the continuously elevated serum bGH levels and (iii) the close similarity 
of pathological lesions observed in PCKbGH and MTbGH transgenic mice. 

The levels of expression of foreign GH genes observed in different lines of trans- 
genic mice investigated in this study differ by several orders of magnitude. This is 
consistent with a considerable variation of data pertaining to the expression of GH 
transgenes in mice reported in the literature which have recently been summarized 
elsewhere [19,20]. Among the variety of factors that influence transgene expression 
the site of transgene integration in the genome plays an important role [52]. It is 
therefore possible to breed special lines of transgenic mice expressing foreign GH at 
a certain order of magnitude that best meets the requirements for answering a 
distinct experimental question. For example, therapeutical doses of GH in humans 
vary usually within the range 2-16 mg/m 2 per week which is up to 8-fold in excess 
of the normal production rate of 2-4 mg/m 2 per week [53,54]. Our MTbGH trans- 
genic mice expressing bGH at low levels can therefore be considered as suitable 
models to mimick the therapeutical use of GH, while transgenic mice exhibiting high 
concentrations of foreign GH in their serum may help to recognize possible side ef- 
fects of GH treatment more clearly and at an earlier age. 

In addition to the variation of serum GH concentrations between various trans- 
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genic lines and various transgenic animals within the lines, we have studied the time 
course of MTGH transgene expression in individual mice. All animals investigated 
displayed continuously high levels of circulating GH with minor fluctuations which 
did not show any regular periodicity. By contrast, physiological GH secretion in 
mice follows a strongly pulsatile pattern resulting in low baseline serum levels and 
peaks with GH concentrations up to 100 ng/ml every 2.5 h and 1.4 h in males and 
females, respectively [55]. Mean serum GH concentrations calculated for male and 
female mice corresponded to 10 ± 3 and 16 ± 3 ng/ml, respectively. 

As investigated by Western blot analysis, MThGH transgenic mice synthesize 
both monomeric forms of GH (22 kDa and 20 kDa, a product of alternative splicing 
[56]) which are predominant in human serum. Stewart et al. [57] have generated 
transgenic mice expressing only one, either the 22 kDa or the 20 kDa hGH variant 
by modifying the splice acceptor region of the third exon of the hGH gene. The ori- 
gin of 26 kDa and 16 kDa hGH immunoreactive peptides in the serum of our 
MThGH transgenic mice cannot exactly be elucidated. Possible reasons for GH het- 
erogeneity including posttranscriptional events, posttranslational processing, 
postsecretory events, metabolic conversions and laboratory artifacts have recently 
been reviewed by Baumann [58]. In serum from MTbGH and PCKbGH transgenic 
mice we found only 22 kDa bGH. 

Apart from a dramatic promotion of body, skeletal and organ growth [28, 59-64], 
a variety of pathological alterations have been found in GH and in GRF transgenic 
mice. Both excess production of foreign GH and a stimulation of murine GH syn- 
thesis by expression of a GRF transgene regularly result in alterations of kidney and 
liver. This observation suggests that renal as well as hepatic alterations are not 
autocrine or paracrine effects of ectopically produced GH, but result from chronic 
elevation of circulating GH [61,65]. The variety of pathological alterations found in 
mice expressing various transgenes of the GH family have recently been reviewed 
[21]. Morphological and clinico-chemical investigations indicate renal failure to be 
the primary cause of the shortened life-span of these animals [19,61,66]. The pattern 
of nephropathological changes is the same for MThGH, MTbGH and PCKbGH 
transgenic mice. However, we found the degree of renal alterations to be more severe 
at an earlier age in our MThGH transgenic mice than in their bGH transgenic 
counterparts. Studies carried out by us and other groups to evaluate the develop- 
ment of renal alterations in GH transgenic mice revealed initial glomerular changes 
including both significant glomerular enlargement and progressive glomerulo- 
sclerosis [19,61,65-67]. End-stage renal lesions were characterized by a marked 
atrophy of nephrons, sclerosis and hyalinosis of remnant glomeruli and pronounced 
tubulocystic alterations [19,20]. 

In addition to renal lesions, hepatic alterations were consistently found in GH 
transgenic mice. Apart from non-neoplastic liver changes, we found hepatocellular 
tumours including both adenoma and carcinoma in aged bGH transgenic mice, 
thereby confirming our previous findings [68]. The occurrence of these tumours was 
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age-dependent and clearly related to bGH transgene expression as demonstrated by 
the absence of such tumours in the nontransgenic littermate controls. Similar to our 
findings pertaining to bGH transge~ic mice, MToGH transgenic mice have been 
reported to develop age-related hepatocellular tumours at a very high frequency [69]. 

Deleterious consequences to health of chronically elevated serum GH were not 
only seen in mice. Transgenic pigs carrying MThGH, MTbGH and MTGRF fusion 
genes also exhibited a reduced life expectancy [70]. Clinical and pathological exami- 
nation of the MTbGH transgenic pigs revealed high incidence of fertility problems, 
gastric ulcers, cardiomegaly, dermatitis, renal disease and degenerative joint disease. 
This joint pathology known as osteochondrosis dissecans was also observed in a pig 
expressing a MLVrGH transgene [71] and in PCKbGH transgenic pigs [72]. In the 
latter group, however, these disorders occurred later in life relative to MTbGH 
transgenic pigs. The authors suggested that the delayed onset of negative effects may 
be due to the use of the PCK promoter which is activated postnatally rather than 
prenatally as it is the case for the MT regulatory sequences. Treatment of pigs with 
high doses of pGH was also associated with systemic abnormalities such as liver and 
kidney degeneration, edema and joint problems [73-75]. 

Taken together our results and the findings of other authors indicate that (i) GH 
transgenic mice are unique models offering the possibility to study the consequences 
of various levels of foreign GH in immunocompetent animals on a long-term basis, 
(ii) continuously elevated circulating GH in mice is detrimental to health and even 
shortens life-span and (iii) the long-term risks and benefits of GH therapy in human 
beings should be carefully evaluated. 

ACKNOWLEDGEMENTS 

Our work was supported by a grant from the Deutsche Forschungsgemeinschaft 
(He 1731/1-1; RW; WH) and the Studienstiftung des deutschen Volkes (EW; EK). 
We thank Prof. D. Schams for determining serum levels of bGH. 

REFERENCES 

1 R. Sharma, Theories of aging. In P.S. Timiras (ed.), Physiological basis of geriatrics, Macmillan 
Publishing Company, New York, 1988, pp. 43-58. 

2 H. Bando, C. Zhang, Y. Takada, R. Yamasaki and S. Saito, Impaired secretion of growth hormone- 
releasing hormone, growth hormone and IGF-I in elderly men. Acta Endocrinol. (Copenh.), i24 
(1991) 31-36. 

3 V. Coiro, R. Volpi, U. Cavazzini, P. Bertoni, A. Corradi, L. Bianconi, C. Davoli, G. Rossi and P. 
Chiodera, Restoration of normal growth hormone responsiveness to GHRH in normal aged men 
by infusion of low amounts of theophylline. J. Gerontol., 46 (1991) M155-158. 

4 G.P. Ceda, G. Ceresini, L. Denti, D. Magnani, L. Marchini, G. Valenti and A.R. Hoffman, Effects 
of cytidine 5 '-diphosphocholine administration on basal and growth hormone-releasing hormone- 
induced growth hormone secretion in elderly subjects. Acta Endocrinol. (Copenh.), 124 (1991) 
516-520. 

5 A. van Coevorden, J. Mockel, E. Laurent, M. Kerkhofs, M. L'Hermite-Baleriaux, C. Decoster, P. 



84 

Neve and E. Van Cauter, Neuroendocrine rhythms and sleep in aging men. Am. J. Physiol., 260 
(1991) E651-E661. 

6 C.A. Plouzek and A. Trenkle, Growth hormone parameters at four ages in intact and castrated male 
and female cattle. Domest. Anim. Endocrinol., 8 (1991) 63-72. 

7 S. Takahashi, S. Kawashima, H. Seo and N. Matsui, Age-related changes in growth hormone and 
prolactin messenger RNA levels in the rat. Endocrinol. Jpn., 37 (1990) 827-840. 

8 M. Thorrn and K. Hall, Kan behandling med tillv/ixthormon bromsa normalt ~tldrande? IA'kartidn- 
ingen, 88 (1991) 1953-1954. 

9 D. Rudman, A.G. Feller, H.S. Nagraj, G.A. Gergans, P.Y. Lalitha, A.F. Goldberg, R.A. Schlenker, 
L. Cohn, I.W. Rudman and D.E. Mattson, Effects of human growth hormone in men over 60 years 
old. N. Engl. J. Med., 323 (1990) 1-6. 

10 F.E. Kaiser, A.J. Silver and J.E. Morley, The effect of recombinant human growth hormone on 
malnourished older individuals. J. Am. Geriatr. Soc., 39 (1991) 235-240. 

11 D.N. Khansari and T. Gustad, Effects of long-term, low-dose growth hormone therapy on immune 
function and life expectancy of mice. Mech. Ageing Dev., 57 (1991) 87-100. 

12 D.V. Goeddel, H.L. Heyneker, T. Hozumi, R. Arentzen, K. Itakura, D.G. Yansura, M.J. Ross, G. 
Miozzari, R. Crea and P.H. Seeburg, Direct expression in Escherichia coli of a DNA sequence 
coding for human growth hormone. Nature, 281 (1979) 544-548. 

13 P.C. Hindmarsh, N.A. Bridges and C.G.D. Brook, Wider indications for treatment with biosynthetic 
human growth hormone in children. Clin. Endocrinol. (Oxf) ,  34 (1991) 417-427. 

14 J.O.L. Jcrgensen, Human growth hormone replacement therapy: pharmacological and clinical as- 
pects. Endocrinol. Rev., 12 (1991) 189-207. 

15 G.A. McGauley, R.C. Cuneo, F. Salomon and P.H. Srnksen, Psychological well-being before and 
after growth hormone treatment in adults with growth hormone deficiency. Horm. Res., 33 Suppl. 
4 (1990) 52-54. 

16 J.S. Christiansen and J.O. J~rgensen, Beneficial effects of GH replacement therapy in adults. Acta 
Endocrinol. (Copenh.), 125 (1991) 7-13. 

17 J. Lantos, M. Siegler and L. Cuttler, Ethical issues in growth hormone therapy. J. Am. Med. Assoc., 
261 (1989) 1020-1024. 

18 E.J. Schoen, Growth hormone in youth and old age. J. Am. Geriatr. Soc., 39 (1991) 839. 
19 G. Brem, R. Wanke, E. Wolf, T. Buchmiiller, M. Mfiller, B. Brenig and W. Hermanns, Multiple con- 

sequences of human growth hormone expression in transgenic mice. Mol. Biol. Med.. 6 (1989) 
531-547. 

20 R. Wanke, W. Hermanns, S. Folger, E. Wolf and G. Brem, Accelerated growth and visceral lesions 
in transgenic mice expressing foreign genes of the growth hormone family. An overview. Pediatr. 
Nephrol., 5 (1991) 513-521. 

21 R. Wanke, E. Wolf, W. Hermanns, S. Folger, T. Buchmiiller and G. Brem, The GH-transgenic 
mouse as an experimental model for growth research: clinical and pathological studies. Horm. Res., 
37 Suppl 3 (1992) 74-87. 

22 G. Brem, B. Brenig, H.M. Goodman, R.C. Selden, F. Graf, B. Kruff, K. Springmann, J. Hondele, 
J. Meyer, E.L. Winnacker and H. Kr/iusslich, Production of transgenic mice, rabbits and pigs by 
microinjection into pronuclei. Zuchthyg., 20 (1985) 251-252. 

23 G. Brem and J. Meyer, Fertility data in mice with regard to embryo transfer programmes. Z. Ver- 
suchstierkd, 27 (1985) 78. 

24 M.M. McGrane, J. Devente, J. Yun, J. Bloom, E. Park, A. Wynshaw-Boris, T. Wagner, F.M. Rott- 
man and R.W. Hanson, Tissue-specific expression and dietary regulation of a chimeric 
phosphoenolpyruvate carboxykinase/bovine growth hormone gene in transgenic mice. J. Biol. 
Chem., 263 (1988) 11443-11451. 

.25 M.M. McGrane, J.S. Yun, A.F.M. Moorman, W.H. Lamers, G.K. Hendrick, B.M. Arafah, E.A. 
Park, T.E. Wagner and R.W. Hanson, Metabolic effects of developmental, tissue- and cell-specific 
expression of a chimeric phosphoenolpyruvate carboxykinase (GTP)/bovine growth hormone gene 
in transgenic mice. J. Biol. Chem., 265 (1990) 22371-22379. 

26 B. Brenig and G. Brem, Integration of hGH gene in transgenic mice and transmission to next genera- 
tion. In A.C. Beynen and H.A. Solleveld (eds.), New developments in biosciences: their implications 
for laboratory animal science, Martinus Nijhoff Publishers, Dordrecht, 1988, pp. 331-336. 



85 

27 B. Brenig, M. Miiller and G. Brem, A fast detection protocol for screening large numbers of trans- 
genic animals. Nucleic Acids Res., 17 (1989) 6422. 

28 E. Wolf, K. Rapp and G. Brem, Expression ofmetallothionein-human growth hormone fusion genes 
in transgenic mice results in disproportionate skeletal gigantism. Growth Dev. Aging, 55 (1991) 
117-127. 

29 E. Wolf and G. Brem, "High-dose hook effect" as a pitfall in quantifying transgene expression in 
metallothionein-human growth hormone (MT-hGH) transgenic mice. Clin. Chem., 37 (1991) 
763-765. 

30 M. Kirchgessner, F.X. Roth, D. Schams and H. Karg, Influence of exogenous growth hormone 
(GH) on performance and plasma GH concentrations of female veal calves. J. Anim. Physiol. Anim. 
Nutr., 58 (1987) 50-59. 

31 H.M. Evans, M.E. Simpson, W. Marx and E. Kibrick, Bioassay of the pituitary growth hormone. 
Width of the proximal epiphysial cartilage of the tibia in hypophysectomized rats. Endocrinology, 
32 (1942) 13-16. 

32 H. Becks, D.A. Collins, C.W. Asling, M.E. Simpson, C.H. Li and H.M. Evans, The gigantism pro- 
duced in normal rats by injection of the pituitary growth hormone. V. Skeletal changes: skull and 
dentition. Growth, 12 (1948) 55-67. 

33 H,M. Evans, M.E. Simpson and C.H. Li, The gigantism produced in normal rats by injection of the 
pituitary growth hormone. I. Body growth and organ changes. Growth, 12 (1948) 15-32. 

34 R.O. Scow, M.E. Simpson, C.W. Asling, C.H. Li and H.M. Evans, Response by the rat thyro- 
parathyroidectomized at birth to growth hormone and to thyroxin given separately or in combina- 
tion. Anat. Rec., 104 (1949) 445-463. 

35 C.W. Asling, M.E. Simpson and H.M. Evans, Gigantism: its induction by growth hormone in the 
skeleton of intact and hypophysectomized rats and its failure following thyroidectomy. Rev. Suisse 
Zool., 72 (1965) 1-37. 

36 D. Maiter, L.E. Underwood, M. Maes, M.L. Davenport and J.M. Ketelslegers, Different effects of 
intermittent and continuous growth hormone (GH) administration on serum somatomedin- 
C/insulin-like growth factor I and liver GH receptors in hypophysectomized rats. Endocrinology, 123 
(1988) 1053-1059. 

37 J. Isgaard, L. Carlsson, O.G.P. Isaksson and J.O. Jansson, Pulsatile intravenous growth hormone 
(GH) infusion to hypophysectomized rats increases insulin-like growth factor I messenger 
ribonucleic acid in skeletal tissues more effectively than continuous GH infusion. Endocrinology, 123 
(1988) 2605-2610. 

38 M.D. Groesbeck and A.F. Parlow, Highly improved precision of the hypophysectomized female rat 
body weight gain bioassay for growth hormone by increased frequency of injections, avoidance of 
antibody formation and other simple modifications. Endocrinology, 120 (1987) 2582-2590. 

39 K.D. JCrgensen, O. Svendsen, R.J. Greenough, T. Kallesen, R. Goburdhun, K. Skydsgaard, J. 
Finch, B. Dinesen and P. Nilsson, Biosynthetic growth hormone: subchronic toxicity studies in rats 
and monkeys. Pharmacol. Toxicol., 62 (1988) 329-333. 

40 P.L. Chang, J.P. Capone and G.M. Brown, Autologous fibroblast implantation - -  feasibility and 
potential problems in gene replacement therapy. Mol. Biol. Med., 7 (1990) 461-470. 

41 V.J. Bennett and P.L. Chang, Suppression of immunological response against a novel gene product 
delivered by implants of genetically modified fibroblasts. Mol. Biol. Med., 7 (1990) 471-477. 

42 P.L. Gilbert, R.J. Siegel, S. Melmed, C.T. Sherman and M.C. Fishbein, Cardiac morphology in rats 
with growth hormone-producing tumours. J. Mol. Cell. Cardiol., 17 (1985) 805-811. 

43 H. Mori, H. Yamashita, C. Nakanishi, K. Koizumi, S. Makino, Y. Kishimoto and Y. Hayashi, Pro- 
teinuria induced by transplantable rat pituitary tumor MtT SA5. Lab. Invest., 54 (1986) 636-644. 

44 D.H. Hamer, Metallothioneins. Annu. Rev. Biochem., 55 (1986) 913-951. 
45 N.O. Nartey, D. Banerjee and M.G. Cherian, Immunohistochemical localization ofmetallothionein 

in cell nucleus and cytoplasm of fetal human liver and kidney and its changes during development. 
Pathology, 19 (1987) 233-238. 

46 R.D. Palmiter, G. Norstedt, R.E. Gelinas, R.E. Hammer and R.L. Brinster, Metallothionein-human 
GH fusion genes stimulate growth of mice. Science, 222 (1983) 809-814. 

47 R.E. Hammer, R.L. Brinster and R.D. Palmiter, Use of gene transfer to increase animal growth. Cold 
Spring Harbor Syrup. Quant. Biol., 50 (1985) 379-387. 



86 

48 T.E. Adams, Tolerance to self-antigens in transgenic mice. Mol. BioL Med, 7 (1990) 341-357. 
49 C.L. Eisenberger, H. Nechushtan, H. Cohen, M. Shani and L. Reshef, Differential regulation of the 

rat phosphoenolpyruvate carboxykinase gene expression in several tissues of transgenic mice. Mol. 
Cell. Biol., 12 (1992) 1396-1403. 

50 M.K. Short, D.E. Clouthier, I.M. Schaefer, R.E. Hammer, M.A. Magnuson and E.G. Beale, Tissue- 
specific, developmental, hormonal and dietary regulation of rat phosphoenolpyruvate carboxy- 
kinase-human growth hormone fusion genes in transgenic mice. Mol. Cell. Biol., 12 (1992) 
1007-1020. 

51 M.M. McGrane, J.S. Yun, W.J. Roesler, E.A. Park, T.E. Wagner and R.W. Hanson, Developmental 
regulation and tissue-specific expression of a chimaeric phosphoenolpyruvate carboxykinase/bovine 
growth hormone gene in transgenic animals. J. Reprod. Fert., Suppl., 41 (1990) 17-23. 

52 R.D. Palmiter and R.L. Brinster, Germ-line transformation of mice. Annu. Rev. Genet.. 20 (1986) 
465 -499. 

53 M.B. Ranke and J.R. Bierich, Treatment of growth hormone deficiency. Clin. Endocrinol. Metab., 
15 (1986) 495-510. 

54 K.Y. Ho, A.J. Weissberger, M.C. Stuart, R.O. Day and L. Lazarus, The pharmacokinetics, safety 
and endocrine effects of authentic biosynthetic human growth hormone in normal subjects. Clin. En- 
docrinol. (Oxf.), 30 (1989) 335-345. 

55 J.N. MacLeod, N.A. Pampori and B.H. Shapiro, Sex differences in the ultradian pattern of plasma 
growth hormone concentrations in mice. J. EndocrinoZ, 131 (1991) 395-399. 

56 F.M. DeNoto, D.D. Moore and H.M. Goodman, Human growth hormone DNA sequence and 
mRNA structure: possible alternative splicing. Nucleic Acids Res., 9 (1981) 3719-3730. 

57 T.A. Stewart, S. Clift, S. Pitts-Meek, L. Martin, T.G. Terrell, D. Liggitt and H. Oakley, An evalu- 
ation of the functions of the 22-kilodalton (kDa), the 20-kDa and the N-terminal polypeptide forms 
of human growth hormone using transgenic mice. Endocrinology, 130 (1992) 405-414. 

58 G. Baumann, Growth hormone heterogeneity: genes, isohormones, variants and binding proteins. 
Endocrinol. Rev., 12 (1991) 424-449. 

59 R.D. Palmiter, R.L. Brinster, R.E. Hammer, M.E. Trumbauer, M.G. Rosenfeld, N.C. Birnberg and 
R.M. Evans, Dramatic growth of mice that develop from eggs microinjected with metallothionein- 
growth hormone fusion genes. Nature, 300 (1982) 611-615. 

60 B.T. Shea, R.E. Hammer and R.L. Brinster, Growth allometry of the organs in giant transgenic 
mice. Endocrinology. 121 (1987) 1924-1930. 

61 C.J. Quaife, L.S. Mathews, C.A. Pinkert, R.E. Hammer, R.L. Brinster and R.D. Palmiter, Histo- 
pathology associated with elevated levels of growth hormone and insulin-like growth factor I in 
transgenic mice. Endocrinology, 124 (1989) 40-48. 

62 B.T. Shea, R.E. Hammer, R.L. Brinster and M.R. Ravosa, Relative growth of the skull and 
postcranium in giant transgenic mice. Genet. Res., (Camb.), 56 (1990) 21-34. 

63 E, Wolf, R. Wanke, W. Hermanns, G. Brem, F. Pirchner and I. von Butler-Wemken, Growth 
characteristics of metallothionein-human growth hormone transgenic mice as compared to mice se- 
lected for high eight-week body weight and unselected controls. I. Body weight gain and external 
body dimensions. Growth Dev. Aging, 55 (1991) 225-235. 

64 E. Wolf, K. Rapp, R. Wanke, W. Hermanns, F. Pirchner, I. von Butler-Wemken and G. Brem, 
Growth characteristics of metallothionein-human growth hormone transgenic mice as compared to 
mice selected for high eight-week body weight and unselected controls. !I. Skeleton. Growth Dev. 
Aging, 55 (1991) 237-248. 

65 T. Doi, L.J. Striker, C. Quaife, F.G. Conti, R. Palmiter, R. Behringer, R. Brinster and G.E. Striker, 
Progressive glomerulosclerosis develops in transgenic mice chronically expressing growth hormone 
and growth hormone releasing factor but not in those expressing insulinlike growth factor-1. Am. 
.L Pathol., 131 (1988) 398-403. 

66 G. Brem and R. Wanke, Phenotypic and pathomorphological characteristics in a half-sib-family of 
transgenic mice carrying foreign MT-hGH genes. In A.C. Beynen and H.A. Solleveld (eds.), New 
Developments in Biosciences. their Implications for Laboratory Animal Science, Martinus Nijhoff 
Publishers, Dordrecht, 1988, pp. 93-98. 

67 T. Doi, L.J. Striker, C.C. Gibson, L.Y.C. Agodoa, R.L. Brinster and G.E. Striker, Glomerular le- 



87 

sions in mice transgenic for growth hormone and insulinlike growth factorol. I. Relationship be- 
tween increased giomerular size and mesangial sclerosis. Am. J. Pathol., 137 (1990) 541-552. 

68 R. Wanke, S. Folger, W. Hermanns, E. Wolf, D. Schams and G. Brem, Induktion neoplastischer 
und nicht-neoplastischer Leberveranderungen dutch Wachstumshormon-Oberproduktion bei bGH- 
transgenen M[iusen. Verb. Dtsch. Ges. Path., 75 (1991) 312. 

69 J.M. Orian, K. Tamakoshi, I.R. Mackey and M.R. Brandon, New murine model for bepatocellular 
carcinoma: transgenic mice expressing metallothionein-ovine growth hormone fusion genes. J. Natl. 
Cane. Inst., 82 (1990) 393-398. 

70 V.G. Pursel, C.A. Pinkert, K.F. Miller, D.J. Bolt, R.G. Campbell, R.D. Palmiter, R.L. Brinster and 
R.E. Hammer, Genetic engineering of livestock. Science, 244 (1989) 1281-1288. 

71 K.M. Ebert, M.J. Low, E.W. Overstrom, F.C. Buonomo, C.A. Baile, T.M. Roberts, A. Lee, G. 
Mandel and R.H. Goodman, A Moloney MLV-rat somatotropin fusion gene produces biologically 
active somatotropin in a transgenic pig. Mol. Endocrinol., 2 (1988) 277-283. 

72 M. Wieghart, J.L. Hoover, M.M. McGrane, R.W. Hanson, F.M. Rottman, S.H. Holtzman, T.E. 
Wagner and C,A. Pinkert, Production of transgenic pigs harbouring a rat phosphoenolpyruvate 
carboxykinase-bovine growth hormone fusion gene. J. Reprod. Fertil., SuppL, 41 (1990) 89-96. 

73 L.P. Doyle, E.J. "Furman and F.N. Andrews, Some pathological effects of anterior pituitary growth 
hormone preparations on swine. Am. J. Vet. Res., 63 (1956) 174-178. 

74 L.J. Machlin, Effect of porcine growth hormone on growth and carcass composition of the pig. J. 
Anim. Sci., 35 (1972) 794-800. 

75 C.M. Evock, T.D. Etherton, C.S. Chung and R.E. Ivy, Pituitary porcine growth hormone (pGH) 
and a recombinant pGH analog stimulate pig growth performance in a similar manner. J. Anita. Sci., 
66 (1988) 1928-1941. 


