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Abstract. The lipolytic and antilipolytic effects of human growth hormone (22K-hGH), its
20-kilodalton variant (20K-hGH), a reduced and S-carboxymethylated derivative (RCM-
hGH), and human placental lactogen were examined using chicken adipose tissue
explants in vitro. Lipolysis, as determined by glycerol release, was stimulated by 22K-
hGH (biosynthetic and pituitary derived), 20K-hGH (pituitary derived), and RCM-hGH
(modified biosynthetic). These growth hormone preparations also exhibited similar
antilipolytic activity (i.e., transient inhibition of glucagon-induced lipolysis). However,
unlike human growth hormone, human placental lactogen neither stimulated lipolysis
nor inhibited glucagon-stimulated lipolysis. Some augmentation of glucagon-stimulated
lipolysis was observed in the presence of human placental lactogen. These results
indicate that the disulfide bridges (Cys®® — Cys™5; Cys'? — Cys'®®) and amino acid
residues 32-46 of hGH are not required for lipolytic or antilipolytic activities of human

growth hormone on chicken adipose tissue.

[P.S.E.B.M. 1990, Vol 193]

relationship between the structure of growth

hormone (GH) and its growth-promoting activ-
ity (reviewed in ref. 1). However, the structural require-
ments for the various metabolic actions of GH have
been less intensively investigated. These metabolic ef-
fects of GH in mammals include (i) stimulation of
lipolysis (2, 3); (ii) transient inhibition of epinephrine-
induced lipolysis (4, 5); (iii) simulation of “insulin-like”
responses, such as glucose oxidation (6) and lipogenesis
(7-9); and (iv) impaired glucose tolerance or “diabeto-
genic” effects (10). In the chicken, GH (chicken or
bovine) stimulates basal lipolysis and also inhibits glu-
cagon-induced lipolysis by adipose tissue explants (11,

Considerable attention has been focused on the
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12). Thus, chicken adipose tissue may be a useful model
to ascertain the structural determinants of GH action,
both as a stimulator of lipolysis and as an inhibitor of
glucagon-induced lipolysis.

The present studies examine the ability of human
GH (22K-hGH), its 20-kilodalton variant (20K-hGH),
a reduced S-carboxymethylated derivative (RCM-
hGH), and human placental lactogen (hPL) to evoke
lipolytic and/or antilipolytic responses in chicken adi-
pose tissue. The high degree of amino acid sequence
homology between these polypeptides presents distinct
advantages in probing the relative importance of struc-
tural modifications on GH activity. Native 22K-hGH
is only 56% homologous to chicken GH (13), but is
85% homologous with hPL (14, 15). Surprisingly, hPL
has very low growth-promoting activity in rat tibia
assays (16, 17). The naturally occurring 20K-hGH var-
iant of human GH (20K-hGH) differs from 22K-hGH,
by only a 15-amino acid residue deletion (residues 32-
46) (18-20). 20K-hGH and 22K-hGH have similar
somatomedin-generating (21), growth-promoting (rat
tibial growth or weight gain assay) (18, 19), and lacto-
genic (pigeon crop sac) (18-22) activities. However,
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when compared with 22K-hGH, 20K-hGH displays
lower potency (=10-30%) in stimulating glucose oxi-
dation (22) and increasing lipogenesis (potency =2-6%)
in vitro (9), and in producing insulin-like effects in vivo
(transiently decreasing plasma glucose and free fatty
acid levels) (23). 20K-hGH and 22K-hGH appear to be
equipotent in ¢liciting diabetogenic effects, as indicated
by glucose intolerance (22) in vivo. The 20K-hGH
variant has reduced affinity for GH receptors in liver
(24), mammary gland (24), and adipocyte (25) plasma
membranes.

When 22K-hGH is reduced and S-carbamidome-
thylated (RCAM-hGH), it retains growth-promoting
and lactogenic activities (26), while the in vitro insulin-
like activity (stimulation of glucose oxidation) is greatly
decreased (27). Following reduction and S-carboxy-
methylation (RCM-hGH), hGH has little growth-pro-
moting or in vitro insulin-like (stimulation of glucose
oxidation) activities and attenuated lactogenic activity
(26-28). In addition, RCM-hGH possesses approxi-
mately 50% of the diabetogenic activity of native hGH
(28).

Materials and Methods

In all studies, abdominal adipose tissue from adult
(24-to 30-week old) male chickens (strain: Single Comb
White Leghorn) was employed. Birds were housed in
brooder pens with free access to water and feed (Chick
Grower diet; Agway). Explants were prepared and in-
cubated as described previously (11, 12). Briefly, this
entailed dicing adipose tissue (from three chickens per
trial) and distribution into incubation vials (7-10 ex-
plants/vial, 50-100 mg total weight). Adipose tissue
explants were incubated in 1 ml of Krebs-Ringer-Hepes
medium (pH 7.4) supplemented with 15 mM glucose,
1% bovine serum albumin (Armour, Fraction V), and
2.54 mM calcium chloride under 95% 0,-5% CO; in a
shaking water bath (70 oscillations/min, 37.5°C). Fol-
lowing a 1-hr preincubation, the medium was removed
and fresh medium, containing test hormones, added.
Tissues were incubated for 1 hr (Tables II-IV) or 4 hr
further (Table I), removed from the vials (for weight
determination), and the media rapidly frozen. Media
glycerol content was determined by enzymatic/fluoro-
metric assay (11) and used as the index of lipolysis. In
all studies, bovine GH (bGH), whose lipolytic and
antilipolytic activities have been well characterized in
this in vitro model (11, 12), was included for compari-
son.

Pituitary-derived 22K-hGH and 20K-hGH variant
were kindly donated by Dr. U. J. Lewis (La Jolla, CA).
Biosynthetic methionyl 22K-hGH (Somatonorm) and
bGH were provided by Kabi-Vitrum (Stockholm, Swe-
den) and Eli Lilly Research Laboratories (Indianapolis,
IN), respectively. The biosynthetic human GH prepa-
ration was chemically modified, reduced, and S-carbox-
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ymethylated according to the method of Cameron et
al. (28). Porcine glucagon and hPL were obtained,
respectively, from Sigma Chemical (St. Louis, MO) and
Dr. S. Raiti (NIADDK).

Statistical differences between means were deter-
mined (Table I: independently for the first and fourth
hr of incubation) by analysis of variance (ANOVA),
followed by least significant differences (LSD). Biologic
potencies were estimated by a Parallel Line Bioassay
Computer Program (Hoffmann-La Roche) using data
from all doses and with 22K-hGH as the standard for
comparison. Potency comparisons for RCM-hGH
could not be performed due to the lack of dose-response
curve parallelism with 22K-hGH.

Results

Lipolytic Effects. Table I summarizes the lipolytic
effects of pituitary-derived 22K-hGH, 20K-hGH var-
iant, and hPL. At a concentration of 1 ug/ml, 22K-
hGH, 20 K-hGH, and bGH were similarly effective in
stimulating lipolysis after 1 hr of incubation. At the 0.1-
ug/ml dose, 22K-hGH caused a small, but significant
(P < 0.09), increase in lipolysis while 20K-hGH was
ineffective. hPL did not affect lipolysis at either 0.1 or
1.0 ug/ml. When the tissue incubation was continued
for three additional periods of 1 hr (4-hr total treat-
ment), the magnitude of lipolytic response in the fourth
hour of the incubation increased (30-98%) for all of
the GH preparations. In the fourth hr of incubation
(noncumulative glycerol release), 20K-hGH and 22K-
hGH were each more effective than bGH (1 ug/ml).
Unlike the first hour of incubation, both 20K-hGH and
22K-hGH stimulated lipolysis at 0.1 ug/ml. hPL inhib-
ited basal lipolysis in the fourth hr of incubation. The
potency of 20K-hGH (0.10 [95% confidence limits,
0.07-0.51]) was lower that of 22K-hGH in the first
hour of incubation. However, in the fourth hr of incu-
bation, no difference in potency was observed, 20K-

Table I. Effect of Pituitary-derived Human GH
(22K-hGH), Its 20K-Variant (20K-hGH), hPL, and bGH
on Chicken Adipose Tissue Lipolysis In Vitro

Glycerol release during incubation
(nmol/g tissue = SEM, n = 3)*

First hour Fourth hour
Control 284.0 £ 19.5a,b 2875+ 2.3b
bGH (1 ug/mi) 459.4 + 29.0c 595.0 £ 23.2¢, d

22K-hGH (0.1 ug/ml) 373.0 + 21.5b, ¢ 573.8  19.1¢
22K-hGH (1 ug/ml) 4262 £20.7c  819.5 + 51.3¢
20K-hGH (0.1 ug/ml) 322.0 + 16.2a, b 501.0 + 16.5¢
20K-hGH (1 ug/ml)  371.5 + 19.8b,c 737.0 +70.9d, e
hPL (0.1 ug/ml) 240.0 +17.92a 148.1 = 15.6a, b
hPL (1 ug/ml) 236.6 +21.5a  96.9 + 21.5a

@ Values represent mean + SE of three independent trials, with six
replicates/treatment group/trial. Means with similar letters are not
statistically different (P < 0.05) by ANOVA, followed by LSD.




hGH having 0.61 (95% confidence limits, 0.31-1.18)
the potency of 22K-hGH.

In another study (Table II), increasing concentra-
tions (0.01, 0.10, and 1.00 wg/ml) of biosynthetic me-
thionyl 22K-hGH and reduced, carboxymethylated me-
thionyl hGH (RCM-hGH) progressively enhanced li-
polysis. In the first hr of incubation, the maximal effects
observed with 22K-hGH or RCM-hGH were virtually
identical to those of bGH (1 ug/ml).

Antilipolytic Effects. As observed previously (12),
glucagon (1 ng/ml) elevated glycerol release, and this
effect was partially suppressed (29-37%) by bGH (Ta-
bles IIl and IV). Pituitary-derived 22K-hGH, 20K-
hGH, and bGH inhibited glucagon-induced lipolysis,
with no significant difference observed between prepa-
rations or doses (0.1 or 1.0 ug/ml) (Table III). In
contrast to the antilipolytic effects of hGH, hPL (at 1
pg/ml, but not 0.1 ug/ml) augmented the lipolytic effect
of glucagon.

Like its native counterpart, biosynthetic methionyl

Table II. Effect of Biosynthetic Methionyl Human GH
(22K-hGH), a Reduced Carboxymethylated Derivative
(RCM-hGH), and bGH on Chicken Adipose Tissue
Lipolysis In Vitro

Glycerol release during incubation
(nmol/g tissue = SEM, n = 3)*

First hour

2729+ 7.0a
436.8 + 10.1c-e
383.0 £ 10.5b, ¢

Control
bGH (1 ug/ml)
22K-hGH (0.01 ug/ml)

22K-hGH (0.1 ug/mi) 4027 + 9.0c-e
22K-hGH (1 pg/mi) 446.9 + 20.0d, e
RCM-hGH (0.01 wg/mi) 358.4 + 4.5b
RCM-hGH (0.1 wg/ml) 400.8 + 15.5b-d
RCM-hGH (1 pg/mi) 473.9 + 23.0e

¢ Values represent mean + SE of three independent trials, with six
replicates/treatment group/trial. Means with similar letters are not
statistically different (P < 0.05) by ANOVA, followed by LSD.

22K-hGH (0.01, 0.10, and 1.00 ug/ml) reduced gluca-
gon-stimulated lipolysis in a dose-responsive manner
(Table 1V). Similarly, glucagon-induced lipolysis was
inhibited by RCM-hGH (Table IV).

Discussion

In previous studies, we have shown that chicken
and bovine GH (biosynthetic or pituitary derived) stim-
ulate lipolysis in chicken adipose tissue in vitro (11).
We have now determined that 22K-hGH (biosynthetic
or pituitary derived) is lipolytic using chicken adipose
tissue explants. There is good evidence that 22K-hGH
is lipolytic with rat adipose tissue in vitro. Biosynthetic
and pituitary-derived 22K-hGH have been observed to
stimulate lipolysis in adipose tissue from hypophysec-
tomized or intact rats (29). Another laboratory (30, 31)
has, however, been unable to demonstrate dose-de-
pendent lipolytic effects of 22K-hGH using adipose
tissue from intact rats.

The 20K-variant (pituitary derived) of hGH is li-
polytic in chicken adipose tissues;, the potency of the
20K-hGH being lower than the 22K-hGH in the first
hour of incubation but equipotent in the fourth hour
of incubation. Lipolytic responses to 20K-hGH have
been observed with rat adipose tissue incubated for 4
hr (H. Goodman, personal communication). The ex-
tremely low specific binding of '#*I-20K-hGH to rat
adipocytes does not support the concept of an inde-
pendent 20K-hGH receptor in rat adipocytes (25).
Moreover, Scatchard analyses of 22K-hGH binding to
rat adipocytes are linear, indicating a single class of GH
receptors (32, 33). To date, receptor binding studies of
22K- or 20K-hGH have not been performed using
chicken adipocytes.

The lipolytic and antilipolytic activities of 20K-
hGH were similar to those of 22K-hGH. It is not
possible to discriminate between these lipolytic and
antilipolytic potencies. Therefore, the possibility that
different receptors or receptor subunits might be re-

Table lIl. Effect of Human GH (22K-hGH), Its 20K-variant (20K-hGH), hPL, and bGH on Glucagon-Induced
Lipolysis by Chicken Adipose Tissue /n Vitro

Glycerol release during incubation
(nmol/g tissue = SEM, n = 3)*

Control
Glucagon (1 ng/mi
Giucagon (1 ng/mi) + bGH (0.1 ug/ml)

(1 )
(1 )
Glucagon (1 ng/ml) + bGH (1 ug/ml)
Glucagon (1 ng/ml) + 22K-hGH (0.1 wg/mi)
Glucagon (1 ng/ml) + 22K-hGH (1 ug/ml)
Glucagon (1 ng/ml) + 20K-hGH (0.1 ug/ml)
Glucagon (1 ng/mi} + 20K-hGH (1 ng/ml)
Glucagon (1 ng/mi) + hPL (0.1 ug/ml)
Glucagon (1 ng/mi) + hPL (1 ug/ml)

246.8 + 28.2a
757.0 £ 40.2¢
536.2 + 42.3b
4727 = 42.7b
600.5 = 56.6b
575.1 £ 30.1b
584.7 £ 47.2b
521.8 £ 49.3b
904.3 £52.0c,d
950.1 + 40.5d

® Values represent mean =+ SE of three independent trials, with six replicates/treatment group/trial. Means with similar letters are not statistically

different (P < 0.05) by ANOVA, followed by LSD.
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Table IV. Effect of Biosynthetic Methionyl Human GH (22K-hGH), a Reduced Carboxymethylated Derivative and
bGH on Glucagon-Induced Lipolysis by Chicken Adipose Tissue In Vitro

Glycerol release during incubation
(nmol/g tissue + SEM, n = 3)°

Control

Glucagon (1 ng/ml)

Glucagon (1 ng/ml} + bGH (1 ug/ml)

Glucagon (1 ng/ml) + 22K-hGH (0.01 pg/mi)

Glucagon (1 ng/ml) + 22K-hGH (0.1 wg/ml)

Glucagon (1 ng/ml) + 22K-hGH (1 wg/ml)

Glucagon (1 ng/ml) + RCM-hGH (0.01 ug/ml)

Glucagon (1 ng/ml) + RCM-hGH (0.1 pg/ml)
)

Glucagon (1 ng/ml) + RCM-hGH (1 ug/ml)

2719 = 11.2a
903.8 + 34.1e
638.6 + 12.6¢
753.7 £ 14.2d
648.6 + 11.1¢c
592.5 = 10.0b, ¢
635.2 + 19.3¢
597.1 £13.3b, c
572.5 + 19.0b

¢ Values represent mean + SE of three independent trials, with six replicates/treatment group/trial. Means with similar letters are not statistically

different (P < 0.05) by ANOVA, followed by LSD.

sponsible for antilipolytic and lipolytic activity of GH
cannot be precluded.

The reduced S-carboxymethylated 22K-hGH
(modified biosynthetic; RCM-hGH) was found to be
effective in stimulating lipolysis by chicken adipose
tissue explants (Table II). The lipolvtic response to
RCM-hGH has not been examined in any other species
for comparison. With rat adipocytes, two large fragment
complexes of reduced S-carbamidomethylated hGH
(residues 1-134:141-191; and (42-134:141-191) were
determined to be lipolytic (34). Therefore reduction, in
combination with carboxymethylation or carbamido-
methylation, does not greatly alter the lipolytic activity
of hGH. As the lipolytic and antilipolytic effects of GH
appear to be mechanistically distinct in rat (2, 4, 5) and
chicken (35) adipose tissue, it is conceivable that the
receptors or receptor subunits (and hence structural
determinants) for these activities also differ,

In contrast to hGH, hPL (1 ug/ml) was without
either lipolytic or antilipolytic activities on chicken
adipose tissue. The lack of lipolytic response to hPL (1
ug/ml) is consistent with that observed by investigators
employing rat or mouse adipose tissue/adipocytes (36,
37). Furthermore, hPL (3-5 ug/ml) does not compete
with radiolabeled 22K-hGH binding to rat (38) or
human (39) fat cells. It should be noted, however, that
very high concentrations (=20 ug/ml) of hPL have been
reported to stimulate lipolysis (36). Based on the present
data, hPL does not appear to be inherently lipolytic or
antilipolytic on chicken adipose tissue. Although, in
view of the augmentation we observed with glucagon-
induced lipolysis (in the presence of hPL) (Table III),
hPL may modify the postreceptor response to glucagon,
possibly by way of the cyclic AMP-second messenger
system.

The basis for the absence of lipolytic and antilipol-
ytic activities of hPL is not readily apparent. hPL
possesses only 26 amino acid residues which are not
homologous with hGH and 21 amino acid residues
which differ from hGH, bGH, or chicken GH (1, 13-
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15, 40-42). Of these residues, 13 are highly conserved
in the human, bovine, and chicken GH sequences
(Phe', Pro®, Asn'?, Arg'®, Leu®, Asn*’, Glu%, GIn®,
GIn®!, Val’®, Gly'%, Vval''® and Pro'** of the hGH
sequence). These are, therefore, likely to be in loci
associated with the biologic determinants of GH. The
relative contribution of residue 109 (Asp'® of hPL) is
unclear as it differs from 22K-hGH (Asn'®), while a
deletion is seen in the chicken and bovine sequences.
The His''? residue of hPL may also be considered
variant as Glu''? (chicken GH and bGH) and Asp'!?
(hGH) are nonconservative substitutions. Residues, 12,
16 and 20 all lie within helix-1; 84 lies within helix-2;
and 110 and 112 lie within helix-3. It may be speculated
that these substitutions are responsible for the lack of
lipolytic activity of hPL.

Chicken adipose tissue exhibits lipolytic and anti-
lipolytic responses to chicken, bovine, or human GH
(22K- , 20K- , or RCM-hGH). Therefore, these GH
preparations all contain the structural determinants
necessary for lipolytic and antilipolytic action. It ap-
pears that amino acid residues 32-45 and the disulfide
bonds (Cys** — Cys'®®, Cys'®? — Cys'®) of human Gh
are not required for either of these activities.
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