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Extract

This study was undertaken to evaluate adipese cell size and
number and subcutaneous fat and blood lipids composition in
hypopituitary patients before and during treatment with
human growth horimene (HGH). The investigations were
petformed in 14 prepubertal children 617 11/12 years of
age, with idiopathic hypopituitarism. Hwnan growth hormene
was administered successfully to 6 of these 14 patients for at
least 1 year.

Before HGH treatment there was a significant reduction of
adipose tissite cell number according to chronologic age and to
skeletal age. The average adipose cell size was significantly
larger than normal. A significant correlation between subcufa-
neous adipose cell mean weight and tricipital and subscapular
skinfold thickness, similar to that observed in normal children,
was observed. The distribution of fatty acids in the subcutane-
ous fat and in the blood lipid composition was normal.

During the 1st and 2nd vear of HGH ireatment, the total
number of adipose cells increased rapidly. There was also a
highly significant reduction of the average adipose cell size
_ after the lst year. A significant reduction of the fatty acids
unsaturated fraction was observed after the 1st vear without
further changes after the 2nd vear of treatment. The blood
lipid composition did not change significantly after either 1 or
2 years of HGH treatment.

Speculation

The striking increase in total number of adipose cells
observed during HGH administration in hypopituitary patienis
tends to prove that the adipose tissue organogenesis is not
limited to a finite period ending after the 1st year of life,

The modifications in composition of adipose tissue triglycer-
ides mduced by long term treatment with HGH would mean
that the several components of the fatty acid pool are
differentially liberated,

The importance of growth hormone {GH) for (he multiplica-
tion of muscle, cartilage, or liver cells has been well established
both in man and in animals (9). Brook {7) has shown that at
the end of intranterine growth and during the first year of life,

GH is necessary for the replicaiion of subcutancous adipose
cells. H has also been shown that suecessful treatment of
hypopituitary patients with HGH reduces skinfold thickness
during the first 3 months. Thereafter, skinfold thickness
increases progressively and returns to pretreaiment values

which are attained after 4—3 vears of therapy (1, 26, 27, 32,

33

Because mrodifications of the adipecytes must explain the
changes in skinfold thickness observed dunmg treatmeni with
HGH, this study was undestaken to evaluate adiposs cell size
and number and subcutaneows fat and blood Mpids composi-
fion i hypepituiiary patients before and during treatment
with HGH,

MATERIALS ANWD METHODS

SUBFECTS.

The investigations were performed im ¥4 prepubertal
chitdren, 10 boys und 4 girls, 6—17 1}/12 years of age, with
idiopathie hypopituitarsm. Clinical data are summarized in
TFabte 1. Group I contains the hypopituitary subjects who have
heen treated subsequewtly with HGH, whereas group
consists of patienis untreated so far. The standards used for
height, weight, and height veloeity were (hose of Taimner et ¢l
(34) and standard deviation scores (SD) were calculated
according to Tanner ef al. (33). It should be remrembered that
in older patients, as in case MP, Lhe SD can give a false figure
because it mmst be comzared wath adolescent spurt velocities
in the standards (33). Bone age was determined by comparison
with the standards of Greulich and Pyle {16).

In all cases, GII deficiency was documented by the absence
of GH release during at least two of the following tests:
intravenous insulin (0.1 U/kg of body wieght) (29), arginine
infusion (0.5 gfkg body weight for 30 min) §24), and
intramuscular ghucagon (0.1 mg/kg body wt) (36). Associated
hommonal! deficiencies were investigated by measuring serum
PB1 and serum thyroxine; thyroid-stimulating hormone release
was studied after intravenows injection of 200 pg synthetic
thyrotropin-releasing hormone (23, 40); follicle-stimulating
and luteinizing hormone release was studied after intravencus
injection of 25 pug synihetic Iuteinizing hormone-relcasing
hormone (19, 35, 40) except in cases DN, MP. and BV in
whom these data are not yet available; pituitary adrenocortico-
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tropic hormone reserve was cvalualed by the diurnal variation
of cortisol in plasma, the response to insulin, and the
metyrapone test (39). One patient (#B) who had been (reated
previously with androgens needed cortisone replacement
therapy. Cases KRB and HB are siblings and were subjects of
another report {18). Case PD is a hypopituitary child of very
tall parents (31). Seven patients received appropriate individ-
ually adapted amounts of thyroid extract to remain euthyroid.
The tests were performed when the subjecis were euthyroid
for at least 6 months.

HGH prepared according to the methed of Raben (28) was
administered successfully to 6 of these 14 patients. Cases AN,
KG, and RE received 5 ing twice a week for 2 years. In the
ithree other patients (M, DN, and MP) 2.5 mg twice a week
was administered for 1 year. The conversion of milligrams inic
international units is unknown, Table 2 represents some of the
effects of HGH treatment in these cases.
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EABORATORY METHODS

After having obtained informed consent from the palient’s
parents, subcutaneous adipose lissue samples were taken by
biopsy from the left subscapular area (11} and biood was
withdrawn for gasliquid chromatography analysis of serum
lipids, An adipose tissue fragment weighing 4—15 mg was
treated by osmium tetroxide according to the method of
Hirsch and Gallian {17). The diameter of 200 adipocytes was
measured microscopically. The variance of the cell diameter
was calculated in each case, Mean cell volume was determined
according to the method of Goldrick (15); mean fat cell
weight was obtained assuming that the density of adipocyte
triglycerides equals that of triolein (0.915) (17).

Triglvcerides extracted according to the method of Folch et
al, (14) from a second adipose tissue shred were submitted to
an intermethylation reaction as described previously (3, 4),

Table 1. Hypopituitary patients: clinical data’

Height velocity

sD
CA, ¥r Height, SD T QOther pituitary

Patients Sex {decimal) BA, yr Weight, g Height, cm for CA cm/yr CA BA deficicncies
Group |

AN M 6.0 2 3/i2 14.700 94.0 —4.0 3.5 -2.8 -33 FSH

EG M 7.4 4 16.100 103.4 -3.5 2.9 -3.3 -3.5 TSH, FSH, LH

RR F 14.8 10 20.600 120.5 -6.7 0.2 2.1 —6.3 TSH, FSH, LH

MC M G0 3 20.700 1134 =30 3.8 21 -3.0 TSH, FSH, LH, ACTH

DN M 9.9 46412 15.800 10643 -5.1 2.9 -3z -3.5

MP ¥ 116 10 25.000 117.0 -3.9 3.0 -3.6 31 TSH
Group IT .

(/] M 7.6 56/12 19.300 167.3 -3.0 1.5 26 28 LH

VE F 8.8 46/12 12.030 92.0 -6.3 3.0 -3.1 -3.5 TSH, LH

RV M 13.2 76/12 22.800 12015 43 3.5 -22 =26

MYV |3 134 81012 23.500 121.8 -53 2.0 -33 —44 LH

2o M i34 1 28,000 1370 —2.4 2.2 -39 —4.2 ‘TSH, FSH, LH

AV M 3.8 &6{12 23.100 1190 -4.8 3.2 3.8 -3.0 FSH, LH

RE M 152 ¥ 35.300 130.5 —4.5 1.5 —4.8 —4.8 ° TSH, FSH, LH

HEB 4 15 29700 i31.4 -6.5 4.2 -5.7 TSH, ACTH, F8H
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YCA: chronologic age, BA: benc age; M: male; F: female; FSH: folliclestimulating hormone; TSH: thyroid-stimutating hormone; LH:

luteinizing hotmone; ACTH: adrenocorticotropic hormone.

Table 2. Resmlts of treatment in six hypopttuilary patienis’

Adipose cell lotal
number (SD)

Duration of Height, SD
Patients treatment, wr CA, vr BA, vt Weight, g Height, ¢m for CA CA BA
AN 0 6 23012 14700 94.0 —-4.0 -1.3 +,1
1 7 3 15,400 100.9 -3.6 —-1.4 +).2
2 81/12 4 17.000 108.3 -3.2 -1.7 -1
G 0 7412 4 16.100 1034 ~3.5 -2.0 -0.7
1 8412 4-6f12 17.200 110.0 -3.2 -2.0 -0.6
2 94/12 6-612 18.800 116.7 —2.8 -1.2 —0.1
RE [ 14 8/12 10 20.600 120.5 —6.7 -3.6 -1.8
1 15 8/12 10 21.500 126.5 -5.9 -3.5 -1.5
2 16 8/12 E0-3{12 21.500) 133.0 -4.8 —3.4 —1.5
MC 0 g 312 3 20.700 113.4 -3.2 -1.5 +).8
1 103712 4-6/12 20.300 120.7 —2.7 +0.2 +2.2
DN 0 99/12 4-6/12 15.800 104.3 -5.1 -1.5 —01.5
| 10 9/12 5 16.600 110.4 -4.3 -1.4 +).8
MP 0 11 612 10 25.000 11740 —4.0 -3.1 -2.5
1 126/12 10 24,700 121.8 -4.3 -1.8 -0.8

"CA: chronologic age; BA: bonc age.
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Methyl esters of the fatty acids extracted by petroleum ether
were injected into a gas chromatograph (Varian Aerograph
model 2100 (41); detector F.ID. column, 6 feet, 1/8-inch
internal diameter; 12% DEGS on Anzkron ABS 50/60 mesh
(42); oven temperature progressively raised from 100 to 130°;
injection temperature, 250°, detection temperature, 350°;
nifrogen flow, 25 ml/min, hydrogen flow, 25 ml/min}, The
mdividual fatiy acids were identified by comparing their
retention time to those of known refergnce compounds,
Negligible amounts of minor components were not taken into
account for further calculation.

Skinfold thickness was measured by the Harpenden skinfold
caliper at the following sites: biceps, triceps, subscapular area,
abdomen, and above the iliac crest {12). The whole body fat
was estimated from the tricipital and subscapular skinfold
thickness according to the method of Pariskova (25). The total
number of adipocytes was calculated from the body fal and
the mean adipose cell weight. The results obtained in the
hypopituitary patienis have been compared with data col
lected previously in normal children and, when informative, in
obese children of the same age (2). Cell number has been
related to age. Because it is known that in normal children
after 1 year of age adipocyie cell size from the subscapular
area remains stable, age was not taken info account (2).

Plasma GH was determined by radioimmunoassay with
double antibody technique {30, 43).

RESULTS

BEFORE HHGH TREATMENT

Total Adipose Cell Number. Figure | represents the total
subcutaneous adipocyte number in hypopituitary patients as
related to chronologic age and to bone age. There was a very
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Fig. 1. Total number of adipose cclis as a function of chronologic age
and bone age in 35 normal children and 14 hypopifuitary patients. The
regresgion lincs (meun = 2 SD) of the contyol valucs arc indicated by
---. The individual values of the hypopituitary patients arc shown by
the o and ® and their regzession line by .- —. TG triglycerides.
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significant {# < 0.001) reduction of adipose cell number
according to chronologic age and to skeletal age.

Adipose cell size. Table 3 summarizes the mean diameter
and mean celi weight of the adipose cells of 14 hypopituitary
patients, of 44 normal children, and of 66 obese children. The
average adipose cell size of the hypopituilary patients,
although smaller than (hat of the obese subjects, was
significanily larger than that of the conirol subjects,

Figure 2 represenis the relation between subcutaneous
adipose cell mean weight and ftricipital and subscapular
skinfold thickness in the hypopituitary patients compared
with the mean of #2 SD observed in normal children. A
significant correlation, similar to that observed in normal
children, was seen,

Farty Acids Distribution in Subcutaneous Fat and in Lipids
in Blood. In Table 4, the distribution of individual fatty acids
in the adipose (issue triglycerides and of the free fatty acids in
blood, triglycerides, phospholipids, and cholesterol esiers of
the hypopituitary patients is compared with that of normal
children. The distribution of fatly acids in the subcutaneous
fat was similar in both groups of children and the small
differences observed in the blood lipid composition are, with a
single exception (Cj g:2 ), not significant.

AFYTER HGH TREATMENT

Total Adipose Cell Number. As shown in Figure 34, total
adipose cell number in relation to bone age increases rapidly in
all cases except one subject (AN) during the Ist year of HGH
treatment. As shown in Table 2, this is also apparent from the
changes in 5D of total adipose cell number. During the 2nd

SUB-SCAPULAR SKINFOLD THICKNESSimmI

TRICEPS SKINFOLD THICKNESS(mm}

L i
s 1.9

ADIPOSE CELL MEAN WEIGHT [ug TG/cell)

Fig. 2. Relation between subcutancous adipose cell mean weight and
triceps or subscapular skinfold thickness, The regression lines {mean = 2
5D} of the control values arc indicated by - - -, The individual values for
hypopituitary paticnts are shown by the © and e and thel regression
line by ——. TG trigly cerides.

Table 3. Adipose cell size characteristics {mean £ SD} of hypopituitary patients compared
with those of normal and of obese children

Obese

Hypopituitary Normal
patients children? P value chitdren?® P value
Average cell diameter () 100+ 154 82112 <0.001 11812 <0.001
Average cell wt (ug trigly- (.557 £+ 0.256 0.283 £ 0110 <0.01 0.813 £ 0.257 <0.001
cerides/cell}
Average variance (52)* 442 + 228 275 £ 149 751 + 259

<1001 <0.01

! Forty-four children of normal weight 2—14 years of age.
? Sixty-six obese children 2—17 vears of age.

® Average variance (5%) calculated from the variance of the individuai cell size distribution curve obtained in each subject by measvring 200

adipose cells.
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Table 4, Distribution {percentage} of the fatty acids {mean * §D) in adipose tissue triglycerides and in
free fatiy acids (FFA ) in blood, trigivcerides, phospholipids, and cholesterol esters of
hypopituitary patients and of normal children

Adipose tissue FFA in blood Cholesterol esters
triglycerides Trigtycerides in blood | Phospholipids in blood in hlood
Faity acids Controls' Patients Controis? Patients | Controls® Patients : Controls? Patients | Controls? Patients
Ciaig 22222 13+1.7
Clao 4911 | 46=+1.4
Cis-a 213£25 (220220 | 295+ 52| 283237301 £48|278229 | 31.6+39|306+38|11.8x1.7]|1252.4
Ci:n 6.2+13| 6217 18205 16+04| 20z08! 1.8+0.7 27131 20+1.5
Cyp0 T6+1.6| 7321811624 11.3£33| 31+12) 3414 | 159+16|157+21 Traces Traces
Cis 424 £24 1420434 | 354+55]397+44|463+40°43.0+34 | 151229|139215|221:43]169+3.2
Cic.a 12840 | 146252 | 11.7£3.7! 149+£3.0| 151 +3.7 224+35%| 224+3.0 (27441 56058640241
Cuo:a Traces Traces 2418 2t=:14] 1l421.5]| 1.6+05 97+24| 98:18| 62x1.7) 55=+1.2
Total unsaturated 63.5 64.0 58.7 | 58.0 66.7 68.6 51.9 536 87.8 87.4
Total saturated 36.0 353 41.1 396 l 33.1 31.2 47.5 46.3 12.1 12.5
! Twenty-five normal children 1-15 years of age.
? Forty-two normal children 1-15 years of age.
3 Differences of controls vs. hypopituitary patients: P < 0.05.
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Fig. 3. Total number of adipose cefls as a function of bone age and triceps skinfold thickness, adipose cell mean weight, and body fat as a
funcifon of chronologic age and duration of human growth hormone treatment in six hypopituitary patienis. Each patient is shown individually

beforc (0} and after 1 (©) or 2 () years of treaiment. TG trigly cerides.

year of treatment this increase is maintained in patient £G,
whereas, in the two remaining cases, it is less marked.

Skinfold Thickness and Adipose Cell Size. As shown in
Table 5 and in Figure 3B, skinfold thickness is decreased very
significantly after the 1st year of treatment with HGH. The
hody fat mass calculated from the triceps and the subscapular
skinfolds is reduced (Fig. 3C). There is also a very significant
reduction of the average adipose cell weight (Fig. 30).

The effects of HGH afier a 2nd year of ireatment could
only be studied in three cases: as shown in Figure 3, skinfold
thickness has now increased in two out of three cases. The
decrease of cell mean weight has leveled off in one case and is
replaced by a rise in another one,

Fatty Acids Distribution in Subcutaneous Fat and in Lipids
in Blood. The distribution of fatty acids in the subcutaneous
fat triglycerides before and after 1 year of HGH treatment is

shown in Table 6. A significani reduction of the unsaturated
fatty acids at the 5% level was observed. After the 2nd vear of
HGH administration, no further changes were seen in the three
cases studied. The lipid composition in blood did not change
significantly after either 1 or 2 years of HGH treatment.

DISCUSSION

Our data confirm that, as shown by Brook (7, 8), the
number of subcutaneous adipose cells is abnormally low in
hypopituitarism. This abnormality is most sinking when
adipocyte number is related o chronologic age and bone age.
Cell replication in adipose Lissue apparently needs the presence
of growth hormone. On the other hand, the average adipose
cell size of the patients is larger than normal and is closely
related to their tricipital skinfold thickness. The fat accumula-
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Table 5, Modifications of skinfold thickness, faity
body mass, and mean adipose cell weight fmean + §D)
observed after 1 year of human growth hormone (HGH)
freatment in six hypopituitary patients

Before HGH After 1 year
treatment of HGH P value
Triceps skinfold thickness 1.8+ 1.5 8327 <0.081
(mm)
Subscaputar skinfold T2+3.7 53+1.6 <0.001
thickness (mm)
Fatty body mass (% whole 19.1 + 4.0 169+ 2.7 <0.001
body weight)
Average fat cell weight 0419 £ 0,204 0.269 £ 0.103 <0001

(g triglyceridesfcell)

L Paired ¢ test.

Table 6, Distribution (percentage) of fatty acids {mean £ SD)
in adipose tissue triglycerides after I vear of HGH
treatment in hypopifuitgry patients

Before After 1 year

Fatty acids treatment of treatment
Ciap 1.0+ 0.6 1305
Cia-o 3.8+13 4.7 +09
Cie:a 20510 21.8+1.3
Cian 5308 3028
Cinca 7.6+16 M0+2.30
Ciat 41, 7£52 41121
Cie:z 15.0+6.2 133545
Total unsaturated 65934 59,7+ 3.2°
Total saturated 38.8 +4.0°

335+20

' Differences between values obiained before and after 1 vear of
HGH treatment, 2 < 0.05.

tion observed in some hypopituitary patients is of the
hypertrophic (ype exclusively and not of the hyperplastic
type. This differs from what is commonly observed in
childhood obesity {2). .

HGH treatment in hypopituitary patients is associated with
a very significant decrease in the adipocyte cell size together
with an increase in cell number. The net result is a significant
decrease in skinfold thickness, as already shown by several
authors (27, 33). It is clear that lipolysis induced by
exogeneous GH supersedes the effect of GH on adipocyte
replication. In five out of six patients the increase in total
number of adipose cells during the Ist year of treatment
exceeded that observed during nozmal growth. This was
contrary to the recent study of Brook (&), who found no
increased multiplication rate afier 6 months of ireatment. This
contradiction might be explained tentatively by the longer
duration of tfreatment for our patients, and/or by the
difference in site where subcutaneous adipose tissue biopsy
was performed (11). In the briefty reported study of Knittle er
al. {22) on adipose tissue cellularity in six cases of aieliotic
dwarfism, the response to exopencous HGH was maore diverse
than in our cases. Of the six patienis ireated for & months,
only two showed an increase in number of adipose cells
together with a decrease in cell size. In three subjects the
number of adipose cells increased withoui changes in cell size.
In only one subject was an increase in cell size observed.
Knitile et al. (22) found different modifications in glucose
tolerance before and after treatmeni and propose a link
between the changes in glucose metabolism and adipocyte
response after HGH in hy popituitarism. Our own material does
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not allow us to elaborate further on this matter, If catch-up
growth does occur, one would have {o admii that adipose
tissue organogenesis is not limited to a finite period ending
after the 1st year of life. However, it must be stressed that the
estimation of total number of adipocyie cells is, at best, a very
rough method.

Acute lipolysis induced by several agenis including HGH is*
associated with a rise in the proporiion of unsaturated fatty
acids in free fatty acids in blood (3, 10, 20, 21, 37, 38). It is
still unclear whether this is caused by a higher rate of
peripheral utilization and, concomitantly, an accelerated
mobilization of the unsaturated fatty acids from the fat stores
or, conversely, by a lower rate of peripheral utilization. In all
our patients the proportion of unsaturated fatty acid in the
adipose tissue was decreased after the 1st year of treaiment
without changes in the blood composition. This shows that, at
least after lipolysis induced by repeated administration to
exogenous HGH, it is the unsaturated fraction which is used
peripherally.

SUMMARY

Subcutaneous fat and blood lipids were studied in 14
prepubertal children with idiopathic hypopituitardism. The
investigations were repeated in six cases after 1 year and in
three cases after 2 years of treatment with HGH.

Total number subcutaneous adipose cells in patienis with
hypopituitarism was significantly lower than in normal
children, The administration of HGH induced a decrease in
adipocyte size and an increase in cell number.

Before treatment, the distribution of individual fatty acids
in the subcutaneous fat triglycerides and in the blood lipids
did not differ from that of the normal children, Afier 1 vear
of HGH treatment, the fatty acids unsaturated fraction was
decreased in the adipose tissue (riglycerides, whereas it
remained unchanged in ithe blood. No further modifications
were observed after the 2nd year of treatment.
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