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Summary 

We measured the serum-stimulated lipase activity, fatty acid 
content, and various biochemical parameters in the breast milk of 
a lactating mother suffering from familial lipoprotein lipase defi- 
ciency and of healthy control subjects. Serum-stimulated lipase 
activity was virtually undetectable in milk from our patient and 
the total fatty acid content was low. The fatty acid composition 
differed from normal showing a marked absolute and relative 
increase in the content of lauric (C12:O) and myristic (C14:O) fatty 
acids and considerably reduced levels of oleic (C18:l) and espe- 
cially linoleic (C18:2) acids. Other fatty acid species showed lesser 
changes in concentration. Besides a reduced calcium concentra- 
tion in the milk from our patient, other biochemical parameters 
were not significantly different from control subjects. 

Abbreviations 

apo CII, apolipoprotein C 
AT-LPL, adipose tissue lipoprotein lipase 
EFA, essential fatty acid 
HL, hepatic lipase 
LPL, lipoprotein lipase 
NEFA, non-esterified fatty acids 
SSL, serum-stimulated lipoprotein lipase 

A SSL is found in the mammary glands and breast milk of 
human (15) and other species including the rat (30), cow (8, 21), 
guinea pig (28, 37), and goat (45). Milk SSL resembles adipose 
AT-LPL with respect to substrate specificity, molecular weight, 
susceptibility to inhibition by 1.0 M sodium chloride or protarnine 
sulfate, dependence on apo CII for activity and immunologic 
specificity (25,32). The presumed identity of the two enzymes has 
not, however, been verified in terms of amino acid composition, 
and the enzymes are reciprocally regulated by prolactin, which is 
a powerful and rapid inducer of SSL synthesis but represses the 
adipose tissue enzyme (46). Evidence derived from animal studies 
(1, 2, 4, 11) and from manipulation of the fat intake of lactating 
mothers (20), indicates that plasma triglyceride of dietary origin, 
dependent presumably on mammary gland LPL activity (25, 27, 
28,3 1, 39), makes a substantial contribution to milk lipid produc- 
tion. Scow et al. (40) have proposed that triglyceride present in 
chylomicrons and in very low density lipoprotein are hydrolysed 
at the capillary endothelial cell surface with liberation of fatty 
acids, partial glycerides, and glycerol that fmd their way into 

alveolar cells by diffusion in the plane of the membrane. Other 
sources of milk fatty acid include de novo synthesis within the 
mammary gland and uptake of NEFA from the plasma, derived 
ultimately from depot fat stores (20, 27). 

A patient under our care, with the typical clinical and biochem- 
ical features of type I hyperlipoproteinaemia (10, 16), recently 
became pregnant and was delivered of a normal male offspring. 
We were able to obtain milk for lipase assay and for the deter- 
mination of lipid content on three separate occasions. Our results 
suggest that milk SSL and AT-LPL depend on a common or 
closely-related genetic locus for normal synthesis and that mam- 
mary gland SSL is an important determinant of the composition 
of milk lipid. 

MATERIALS AND METHODS 

Case report. Our patient, Mrs. N, was a 33-year-old female of 
Asiatic extraction with a history of repeated episodes of abdominal 
pain of undetermined origin since childhood. Shortly after her 
marriage, ten years before this study, Mrs. N gave birth to a 
normal infant but since that time has had irregular menses and 
menorrhagia, and has had one documented miscamage. Clinical 
and haematological examination failed to reveal significant ab- 
normality except for a persistent splenomegaly and-a mild nor- 
mochromic anaemia. A slightly raised plasma bilirubin level and 
marked lipaemia were the-oniy abnormalities present in routine 
biochemistry. A chest x-ray, intravenous pyelography, and a bar- 
ium meal were normal. A tentative diagnosis of type I hyperlipo- 
proteinaemia was made and the patient was referred to the ~ G i d  
Clinic for confirmation and for further management of the lipid 
disorder. 

Fasting plasma obtained on initial examination at the Lipid 
Clinic was markedly turbid, and, on standing for 24 h, resolved 
into a thick creamy layer over a turbid infranatent. Her plasma 
cholesterol level was 7.31 mmole/liter (274 mg/dl) and plasma 
triglyceride was 42.2 mmole/liter (3734 mg/dl). LPL and HL 
activities were determined in plasma after the intravenous admin- 
istration of 40 units of heparin per kilogram. The results (Table 1) 
showed a virtually complete absence of LPL activity thus confirm- 
ing the diagnosis. Her husband and 10-year-old son both have 
normal plasma lipid values. The patient was placed on a low fat 
diet resulting in a fall of her plasma triglyceride level to 5.49 
mmole/liter. 

Mrs. N was successfully treated for her infertility by means of 
clorniphene citrate [Clomid, Mer-National Laboratories (Pty.) 
Ltd.]. Gestation was uneventful except for spotting at 7 wk, which 
responded to a short course of chorionic gonadotrophin [Pregnyl, 
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Table 1. Total lipolytic activity in post-heparin plasma from Mrs. 
N and six control subjects' 

Lipoprotein Hepatic 
PHLA~ lipase lipase 

Mrs N 8.0 0.8 7.8 
Controls 24.1 11.0 12.9 

(20.1-32.0) (6.0- 14.3) (10.2-17.7) 

' Enzyme activity expressed as pmole fatty acid liberated per h per ml 
serum. 

PHLA, post-heparin plasma lipolytic activity measured 10 min after 
the intravenous injection of 40 IU heparin per kg. Figures in parentheses 
give the range. 

Organon (Pty.) Ltd.]. Despite attempts at restriction of fat intake, 
the patient's triglyceride levels rose to 146 mmole/liter (12920 
mg/dl). Due to the presence of meconium staining, Caesarean 
section was performed with the delivery of a full-term normal 
male infant. Assay of cord blood yielded normal triglyceride 
values. The infant was breast-fed for the first week of life but 
developed loose stools, alleviated by supplementing the breast 
milk with a soya-based formula [Isornil, Abbot Laboratories S.A. 
(Pty.) Ltd.]. A temporary reduction in lactation was overcome by 
decreasing the Isomil intake and by the administration of Meto- 
clopramide BP (Maxolon, Beecham Research Laboratories). A 
low fat diet was recommended to our patient during the postpar- 
tum period but close questioning indicated that compliance was 
poor. Plasma triglyceride was 48.0 mmole/liter (4248 mg/dl) 
immediately after delivery, and 42.0 mmole/liter (3717 mg/dl) 
some months later. She eventually discontinued breast feeding 
after 5 wk for persona&reasons. 

Collection of milk. Milk was obtained by means of an electrically 
driven suction pump (Medap Breast Pump, Hamburg, FGR) from 
Mrs. N and from healthy mothers approximately matched for age, 
days after delivery, and ethnic origin. The volumes obtained were 
25-70 ml except for one 10-ml sample from Mrs. N and from a 
control subject. Milk was generally collected after completion of 
feeding from the contralateral breast and was immediately placed 
on ice for transportation to the laboratory where it was stored at 
-70°C. Informed consent to these procedures was freely granted 
by all participants. 

Enzyme assay. Milk SSL was partially purified essentially ac- 
cording to the procedure described by Hernell and Olivecrona 
(17). Twelve ml of milk was centrifuged at 20,000 x g 30 min in 
a Beckman L5-65 ultracentrifuge using the SW 27 rotor. The 
creamy layer was collected by tube slicing and was washed once 
through saline under the same conditions. The washed cream was 
delipidated with acetone-diethyl ether and then lyophilised. Before 
assay the powder was redissolved in 0.7 ml of a 0.27 M ammonium 
chloride buffer at pH 8.6 and the undissolved residue sedimented 
by centrifugation. 

Assay of the SSL was carried out by determining the release of 
labelled fatty acids from ['4C]-triolein (38). The substrate mixture 
comprised the following components dissolved in 0.2 M Tris-HC1 
buffer, pH 8.2: 5 g/100 ml defatted bovine serum albumin [Frac- 
tion V, Miles Laboratories (Pty.) Ltd., R.S.A.], Triton X-100 (0.06 
g/100 ml), sodium chloride (0.125 M), calcium chloride (2.5 mM), 
magnesium chloride (0.8 mM), 5 mg/ml Triolein [P-L Biochemi- 
cals Inc., Milwaukee, WI, cat. no. 9674321, and glycerol tri [l-14C] 
oleate (50 mCi/mmole, Amersham International Ltd., Amersham, 
U.K.) in an amount sufficient to give 0.1 pCi per assay tube. The 
mixture was sonicated for 4 min, in 10-sec bursts to allow for 
cooling. After 30 min stabilization at room temperature, 0.55 ml 
of the substrate was mixed with 0.05 ml of the milk enzyme 
solution and 0.05 ml of plasma obtained from a pool of normal 
donors as source of activator. Each sample was also assayed 
without activator by substituting 0.05 ml of normal saline; in some 
instances, 1.2 M sodium chloride was included in the reaction 
mixture. The assays were performed in duplicate for 60 min at 

37OC. The reaction was stopped by means of an isopropanol/ 
HzS04 mixture and the liberated fatty acids were extracted first 
into hexane and then into KOH to which was added 5 ml Instagel 
(Packard Instrument Co., Inc., IL, U.S.A.) for counting in a liquid 
scintillation spectrometer (Packard Instrument Co. Inc., IL., 
U.S.A.). In all ex eriments recovery of released fatty acid was 

P4 determined using [ C]-oleic acid and the appropriate controls and 
blanks were included. The release of [14C]-fatty acid was linear 
over 60 min and enzyme activity was expressed as p o l e  free fatty 
acid released per hour per ml milk. 

Plasma LPL and HL activities were assayed in the post-heparin 
plasma from our patient and control subjects using the identical 
assay procedure. Discrimination between HL and LPL was 
achieved by means of specific blocking antibodies to the HL 
essentially according to Huttunen et al. (18). 

Lipid analysis. Gas-liquid chromatography was used to deter- 
mine the total fatty acid content and composition of milk from 
Mrs. N and five controls. Small aliquots (200 p1) of milk were 
extracted into chloroform and saponified in methanolic sodium 
hydroxide followed by derivitization with 14% boron trifluoride 
in methanol. After the addition of hexane and cooling, the solution 
was saturated with sodium chloride. The hexane layer, containing 
the derivitized fatty acids, was dried by means of anhydrous 
sodium sulfate and injected directly into the gas chromatograph. 
Aliquots containing 1 mg of eicosanoic acid (C20:0), added as 
internal standard, were treated in an identical manner. Separation 
was carried out either on packed columns (2 x 16 mm glass, 10% 
DEGS on chromosorb W 80/100) or on glass capillary columns 
(12 m silane lOCP or 40 m OV-73). The running conditions for 
the packed columns were 130°/40/min/2200 and for the capillary 
columns were 150°/40/min/2400. Carrier gases were nitrogen at 
a flow rate of 30 ml/min for the packed column and hydrogen (v 
= 30 cm/s) for the capillary columns. A Hewlett-Packard 3353 
data system was used to quantitate the peaks. 

Each sample was run with and without internal standard, which 
allowed for the calculation of total fatty acid content and the 
absolute amounts of each component. On five samples a compar- 
ison was carried out between the total triglyceride content deter- 
mined enzymatically using a kit (Boehringer Mamheim GmbH, 
cat. no. 125032), the total lipid content determined by means of 
gravimetric analysis (9) and the total fatty acid content determined 
as above. The fatty acid assay yielded slightly higher but essen- 
tially equivalent results to the other two methods. This is compat- 
ible with the major contribution made by the fatty acid component 
to total milk lipid (23, 24). 

General. All other assays were performed using standard labo- 
ratory procedures. Reagent grade chemicals were used throughout 
unless s p e ~ ~ c a l l y  stated otherwise. Statistical significance was 
estimated during the zM test (26) for comparing a random sample 
of one or more measurements with a parent group whose mean 
and standard deviation is known. 

RESULTS 

Milk SSL. Milk from Mrs. N, obtained on the 2nd and 8th day 
after delivery, contained less than 0.1% of the SSL activity present 
in the milk of seven control subjects (Table 2). Omission of pre- 
heparin plasma from the incubation mixture resulted in an 80% 
reduction in the lipase activity measured in milk from the control 
subjects. Addition of excess sodium chloride to a final concentra- 
tion of 1.2 M to the milk from three controls caused a 60-90% 
inhibition of enzyme activity, thus further confirming the specxc- 
ity of the assay for SSL activity. Milk SSL activity in the control 
subjects showed no obvious correlation with duration of lactation 
(Table 2). 

Lipid content and composition. Milk fatty acid content and 
composition from five control subjects and from Mrs. N are 
compared in Table 3. Although the mean fatty acid content of the 
three samples from Mrs. N was lower than tKat of the five controls, 
the difference was not significant. Very substantial and signscant 
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differences were, however, observed in the content of specific fatty 
acids. The absolute and relative levels of the C12:O and C14:O 
fatty acids were substantially elevated in Mrs. N (P < 0.002); 
conversely C18: 1 and especially C18:2 fatty acid were markedly 
lower in Mrs. N compared with the control subjects. Other less 
pronounced changes were a reduced proportion and content of 
C16:l in the milk from Mrs. N ( P  < 0.05) and a low absolute 
content of C20:l ( P  < 0.05). The proportions of the saturated 
long-chain fatty acids palmitic (16:O) and stearic (C18:O) were 
essentially identical in our patient and the control group. 

General milk chemistry. Table 4 lists a number of biochemical 
parameters measured in milk from Mrs. N and eight control 
subjects. The calcium concentration in milk from Mrs. N was 
lower than that of the control subjects (P  < 0.05), but other 
differences did not reach significance. 

Table 2. Serum-stimulated lipase (SSL) activity in the breast milk 
of  Mrs N and six control subjects' 

Days 
Subject postpartum 

Mrs N 2 
8 

Control 1 2 
2 3 
3 3 
4 7 
5 19 
6 26 

Mean 

SSL activity 

Fully assay 

0.063 
0.0086 

52.1 
13.9 
47.1 
76.7 
76.4 
60.6 
54.4 

0.00 
0.01 

19.9 
1.16 
8.63 

13.4 
12.2 
8.17 

10.6 (19.4% of mean) 
- 

' Enzyme activity expressed as pmole fatty acid liberated per h per 
milk. 

PEH, pre-heparin plasma from normal donors. 

DISCUSSION 

Milk serum-stimulated lipase. The concomitant absence or severe 
reduction of post-heparin plasma LPL and milk-SSL activities has 
not previously been reported, other than in a brief reference to 
unpublished work (16). The LPL deficiency in the post-heparin 
plasma of our patient cannot be attributed to a lack of apo CII 
because normalhuman plasma was added to all assays as a-source 
of activator. These data suggest that a common or closely related 
genetic locus is implicated in the normal synthesis and secretion 
of the milk and adipose tissue enzymes and strengthen the evi- 
dence favouring a close structural similarity between them. 

The origin of milk SSL activity is not certain. Adipocytes within 
the mammary gland would, apriori, appear to be the most likely 
source. LPL activity has, however, been demonstrated on the 
external surface of alveolar cells obtained from lactating rat 
mammary gland (6). Pregnancy is associated with marked regres- 
sion of mammary gland adipose tissue and with the concomitant 
proliferation of ductal and alveolar elements (44). Furthermore, 
prolactin has reciprocal effects on mammary gland and adipose 
tissue LPL activities (46). These observations suggest that the 
alveolar cell should be considered a potential source of milk SSL 
(14). The increase in mammary gland LPL (Milk SSL) in later 
pregnancy and lactation is such as to play a significant role in the 
clearance of circulating triglyceride in the rat (14, 33). 

Lipid content and composition. A number of studies suggests that 
in many species de novo synthesis from acetate accounts for most 
of the C14 or shorter chain-length fatty acids present in milk, 
whereas palmitate (C16:O) and, to a greater extent, the longer 
chain fatty acids arise mainly from circulating lipoprotein-triglyc- 
eride under the action of mammary gland SSL (1,31,39,41). The 
degree to which fatty acids liberated from triglyceride within the 
mammary gland first contribute to the local NEFA pool (l,4) or, 
alternatively, are transported directly in the plane of the mem- 
brane to the alveolar cell (40) is unknown. NEFA derived from 

Table 3. The fatty acid content and composition of milk from Mrs N andfive control subjects 

Individual fatty acids in milk: absolute concentration (g/dl) and % composition 
Days Total fatty acid 

Subject postpartum content 12:O 14:O 16:O 16:l 18:O 18:l 18:2 20: 1 

Mrs N 8 

Mrs N 10 

Mrs N 30 

Mean 

Control 

Control 

Control 

Control 

Control 

Mean 

Z value (absolute concentration) 
S im~cance  level (P) 
Z value (% composition) 
Significance level (P) 

' Because quantitatively minor contributions were omitted from this table, the summated figures in each row are slightly lower than the total fatty 
acid content (g/dl). The % composition for each fatty acid is given in parentheses. 
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Table 4. Biochemistry of milk from Mrs N and eight control subjects 

Sodium Potassium Chloride Magnesium Calcium 
Subject (mmole/liter) (mmole/liter) (mmole/liter) (mmole/liter) (mmole/liter) PH 

Mrs N (3) 18.7 17.7 24.7 0.95 4.39 7.5 1 
(14-24)' (15-19) (2 1-29) (0.89-1.01) (3.54-4.88) (7.40-7.70) 

Controls (8) 16.6 18.8 16.6 1.44 6.56 7.10 
(9-25) (16-23) (9-24) (1.17-2.08) (6.1 1-8.07) (6.63-7.38) 

Z value 0.37 0.42 1.72 1.69 2.47 1.78 
Significance NS NS (<O. 1) (<O. 1) (~0.05) (<O. 1) 

level (P) 

Total protein 
(g/l) 

' Figures in parentheses give range. 

adipose tissue would appear to contribute relatively small amounts 
to mammary gland lipid synthesis except when on a low fat- 
calorie restricted diet (20). 

The total lipid of milk is influenced by the manner and timing 
of collection as well as by biologic and environmental factors (22, 
23, 24). Hind-milk contains substantially more fat than fore-milk 
and the lipid content is lowest in the morning reaching a peak at 
midday or later. Colostrum has less lipid than mature milk (36). 
In the present study milk was collected by means of a mechanical 
pump in mid-morning and substantial volumes were generally 
obtained so as to minimize fluctuation consequent on the stage of 
feeding. Approximate matching of controls and Mrs. N with 
respect to the period of lactation, also reduced artefactual differ- 
ences. Despite the fact that the difference in lipid content between 
Mrs. N and the five control subjects did not achieve statistical 
significance, the 1.73 g/dl of total fat in the milk from our patient 
was lower than the mean value found in lactating mothers from 
15 poorly nourished communities (22). This result is compatible 
with evidence that in the human (27), as in many other species 
(25, 28, 31, 37, 40, 45) the provision of fatty acids from the 
triglyceride-rich lipoproteins, mediated by mammary gland SSL, 
is an important source of milk lipid. 

Contrary to the physiologic lability of total lipid content, the 
composition of milk fat is independent of the time of collection, 
stage of feeding, stage of lactation, or normal variations in diet 
intake (13, 19). One exception to the above generalization is the 
strong correlation between dietary EFA content and the levels of 
EFA in milk lipids (12,20,30,34). Another is the marked elevation 
of C12:O and C14:O fatty acids observed in the milk of a lactating 
mother subjected to a severely restricted fat intake ( t 3  g/day) in 
the presence of excess carbohydrate (20). The low level of the 
EFA, C18:2, and to a somewhat less marked degree, of the other 
long-chain, unsaturated fatty acids in the milk of Mrs N, is 
compatible with her reduced ability to mobilize these species from 
circulating lipoprotein triglyceride due to the absence of mammary 
gland LPL. Substrate availability was not a limiting factor because 
the triglyceride concentration in her plasma was consistently and 
markedly elevated; thus, circulating NEFA derived from adipose 
tissue, or possibly from post-prandial chyle, are presumably the 
major source of the EFA in the milk of our patient. Significant 
contribution of depot fat to the C18:2 + 3 content of milk, under 
conditions of restricted intake, was demonstrated by Insull et al. 
(20). The same compensatory mechanism may also account for 
part of the long-chain, nonessential fatty acid in our patient's 
milk; however, increased local synthesis probably plays an addi- 
tional role in view of the smaller deviation of stearate (18:O) and 
oleate (18:l) from normal compared with linoleate (18:2). 

The strongest evidence for a compensatory enhancement of 
fatty acid synthesis within the mammary gland comes from the 
marked absolute and relative increase in the C12:O and C14:O 
content, which constituted 39.5% of the total lipid in Mrs. N. 
compared with 10.7% in the controls. A similar elevation of lauric 
(C12:O) and myristic (C14:O) acids was previously observed in a 
lactating mother on an extremely low fat diet (20). The inhibition 
of fatty acid synthesis by long-chain fatty acids or their derivatives 
is well established (5, 7); thus, reduced transport of these species 
due to the absence of mammary gland LPL or severely restricted 

fat intake would be expected to permit enhanced fatty acid 
synthesis in mammary tissue. The specific spectrum of fatty acids 
produced is determined, at least in part, by the presence of a 
thioesterase unique to the mammary tissue of a number of animal 
species (41), including humans (43), which releases predominantly 
C14 and shorter fatty acyl chains from the fatty acid synthetase 
complex. Other factors possibly accounting for the fatty acid 
profile of milk under conditions of restricted transport from 
circulating triglyceride, include the activity of various fatty acyl 
elongating and desaturating enzyme activities present in mam- 
mary tissue (3,29,35,42) and the concentration and rate of uptake 
of components of the circulating NEFA pool. These pathways 
were inadequate to maintain the normal complement of-the long- 
chain, unsaturated fatty acids in the absence of mammary gland 
LPL in our patient. 
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Letter to the Editor Table 1. Maternal, fetal, and newborn serum glucose and insulin 
concentration in streptozotocin-treated and control rats 

REUBEN STEINHERZ,'~) JANET E. GRAEBER, AND 
RODNEY E. ULANE Control1 Streptozotocin-treated 

Maternal2 Department of Pediatrics ' X "  and Medical Genetic Unit, Sackler School of 
Blood glucose 5.4 + 0.5 32.1 + 2.8 Medicine, Tel Aviv University and Beilinson Medical Center, Petah Tikva 

Israel (RS) and Neonatal and Pediatric Medicine Branch, National (mM) 
Institute of Child Health and Human Development, National Institutes of Insulin 1.2 + 0.1 0.2 + 0.07 

Health, Bethesda, Maryland USA (J. E. G. and R. E. T) ( % / a  
Fetal2 

Cuezva et al. (1) in a very comprehensive report described the 
effects of streptozotocin-induced maternal diabetes on alterations 
in the fetal plasma concentrations of glucose and insulin as well 
as many other parameters. According to this report ". . .the plasma 
insulin concentrations were significantly higher in the two groups 
of diabetic rats then in the normal pups at birth" and furthermore 
plasma insulin concentrations in the newborns of the diabetic 
mothers remained significantly higher than in the age-matched 
normal pups during 4 h of study postnatally. Recently we looked 
at the insulin receptors in the developing fetal lung (3) and 
conducted a comparative study of insulin receptors in the devel- 
oping fetal lung of normal and streptozotocin induced diabetic 
pregnancies in rats (4, 5) (60 mg/kg streptozotocin injected intra- 
peritoneally at 7 days of gestation). We measured plasma glucose 
and insulin concentrations during pregnancy period, birth and 10 
days and 3 months after delivery. The relevant data are shown in 
Table 1. Our data as emerged from these experiments (4) oppose 
in a way Cuezva et al. (1) findings and add to the perplexity of 
drawing a parallel between newborn of human diabetic mother to 
streptozotocin-induced diabetic rats. In our experience fetal body 
weight was almost identical in the control and diabetic pregnancies 

Blood glucose 2.2 + 0.1 20.8 t- 2.2 
tmM) 

Insulin 2.5 + 0.2 2.7 + 0.3 
(ng/ml) 

Newborn4 
Blood glucose 4.8 + 0.4 4.9 + 0.4 

tmM) 
Insulin 1.5 + 0.1 1.7 + 0.2 

tng/ml) 

' The results are the means f SE of the number of examinees in each 
group. 

Ten pregnant rats and 14 streptozotocin-induced diabetic rats were 
wmpared at 21 days of gestational age. 

Fetuses at 21 days of gestation were c-sectioned and 12 litters in 
control group vs 14 litters in experimental group wmpared. 

At age of 10 days of life insulin and glucose compared in 4 litters in 
each group. 

3.05 & 0.6 versus 4.05 + 0.5 g, respectively. The fetal lung net 
weights for 12 litters in the control group and 14 litters in diabetes 
group were 110 k 52 versus 105 + 27 mg, respectively. Our results 
are similar to those reported by Kervran et al. (2) who found that 
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the rat fetuses from severely diabetic pregnancies were incapable 
of producing insulin at level commensurate with the high blood 
glucose level. The same patterns of behavior was observed between 
the two groups in a prolonged postnatal follow-up of 3 months. 
Once again we looked for differences in the plasma concentrations 
of insulin and glucose. The results were almost identical: in the 
control group at age of 3 months glucose level was 5.05 f 0.22 
versus 5.44 + 0.27 mM for streptozotocin-treated group of new- 
born. Insulin levels were 1.2 f 0.2 ng/ml versus 1.1 f 0.2 ng/ml 
for control and diabetic group, respectively. Our findings imply 
that there was no functional damage to the fetal pancreas as 
confirmed histologically and immunocytochemically study of fetal 
pancreases by Cuezva et al. (1). Unfortunately, our findings add 
some more confusion to the already existing conflicting data and 
call for further investigations on the streptozotocin induced ma- 
ternal diabetes in rats and the newborn of the diabetic rats in 

order to come to a better model which will be as similar as possible 
to the human infants of diabetic mothers. 
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Response of fetuses of untreated diabetic rats is consistent with previous 
reports (3-5). Severe maternal diabetes in rats significantly in- 

JOSE M. CUEZV.4, EDWARD s .  BURKETT, DOUGLAS s. KERR, creases the length of gestation and hence influences the body 
HARVEY M. RODMAN, AND MULCHAND S. PATEL weight of the newborns at the time of natural delivery (6). Un- 

Departments of Biochemistry, Nutrition, Pediatrics and Medicine and treated diabetic pregnant rats do the human condi- 
Clinical Research Center, Case Western Reserve University School of tion. We found that the weights the 

Medicine, Cleveland, Ohio, USA treated diabetic rats was significantly higher than that of the 
offspring of normal rats. This finding mimics the human condi- 
tion. Steinherz et al. (2) did not study insulin treated animals. 

As discussed in our recent publication (I), there are conflicting 
reports on the effects of chemically induced maternal diabetes in 
rats on newborn weight and concentrations of plasma and pan- 
creatic insulin. The use of experimental protocols differing in 
important details as: (i) the dose of streptozotocin or alloxan 
administered to pregnant rats; (ii) the time after the onset of 
pregnancy when the agent is administered; (iii) the careful docu- 
mentation of hyperglycemia throughout gestation; (iv) the timing 
of delivery; (v) litter size differences; and (vi) insulin treatment 
schedules have made it difficult to compare data derived from 
various laboratories. 

We determined the effects of streptozotocin on maternal dia- 
betes at varying dosages (i.e., 30-70 mg/kg body weight). A dose 
of 30 mg/kg was not effective in inducing maternal diabetes in 
our hands. Streptozotocin in doses of 60-70 mg/kg produced 
hyperglycemia (mean of 22 mM glucose) but resulted in a high 
maternal mortality before day 16 of gestation from diabetic ke- 
toacidosis. Therefore we settled on a dose of 45 mg/kg of strep- 
tozotocin administered on day 5 of gestation. In contrast, Steinherz 
et al. (2) injected 60 mg/kg kf str&tozotocin in rats on 
dav 7 of gestation. The mean blood glucose in their animals was 
32:l + 2.i mM (576 mg/dl). How m k y  of their animals were in 
mild ketoacidosis? They provide no data on the effects of such 
severe hyperglycemia on maternal weight gain during gestation or 
on fetal weights on different days of gestation. They found no 
differences in body weights of 21-day-old fetuses of diabetic 
compared to normal rats (4.05 f 0.5 g versus 3.05 + 0.6 g). The 
body weights of the 21-day-old fetuses of normal rats in their 
study appear to be very low to us and may reflect variability in 
the actual duration of gestation in their animals. Furthermore, the 
mean body weight of a litter depends upon the number of fetuses 
in the litter. In ,our study the mean body weight of 20-day-old 
fetuses of normal rats was 2.70 zk 0.12 g. On day 22 of gestation 
our normal newborns had a mean weight of 5.50 + 0.06 g 
compared with 5.25 zk 0.1 1 g (P < 0.05) for the untreated diabetic 
offspring (1). Our finding of a reduction in the mean body weight 

Our objective was' lo measure t i e  hormonal and metabolic 
changes in the immediate postnatal period, i.e., from delivery to 
6 h of age. Steinherz et al. (2) measured insulin concentrations at 
one time only on day 21 of gestation. Plasma insulin concentra- 
tions in the fetuses of normal rats in our study decreased from 
188.3 & 29.6 pU/rnl on day 21 of gestation to 59.9 rt 5.7 pU/rnl 
on day 22 of gestation (Table 1). This observed decline in the 
concentration of plasma insulin concentrations in normal fetuses 
on day 22 of gestation confirms the reports of others (7, 8). The 
plasma insulin concentrations measured in 21- and 22-day-old 
fetuses of untreated and insulin treated diabetic rats are shown in 
Table 1. In contrast to our findings, the plasma insulin concentra- 
tions in the 21-day-old fetuses of normal and diabetic rat were 
60.0 + 4.8 and 64.8 * 7.2 pU/ml in the study of Steinherz et al. 
(2). They did not measure the decline in plasma insulin concen- 
trations during the early postnatal period. 

Table 1. Effect of maternal hyperglycemia on fetal glucose and 
insulin concentrations in fetuses durinp dav 21 and 22 of pestation.' 

Gesta- Fetus 

Mother's status tional 
Plasma Plasma 

age gluwse insulin 
(mM) (uU/ml) 

Normal 2 1 2.57 f 0.19 188.3 f 29.6 
Untreated diabetic 21 17.40 f 0.544 116.0 f 15.4' 
Insulin treated diabetic 21 2.35 f 0.13 153.1 + 11.9 
Normal 22 3.94 & 0.33 59.9 f 5.1 
Untreated diabetic 22 20.00 f 0.494 103.8 + 5.14 
Insulin treated diabetic 22 2.46 f 0.B3 139.2 f 9.24 

' The results are the means f S.E. for fetuses from three to six mothers. 
' P < 0.01 wmpared with normal. 

P < 0.005 wmpared with normal. 
P < 0.001 wmapred with normal. 
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Steinherz et al. (2) present insulin concentrations measured in 
the offspring of diabetic rats at 10 days of life. They find no 
differences in plasma insulin concentrations between the offspring 
of normal and diabetic rats. In another study, we recently reported 
that the concentrations of plasma glucose and insulin in 1-day-old 
newborns of untreated diabetic rats were undistinguishable from 
those of age-matched pups of normal rats (9, 10). Furthermore, 
plasma glucose and insulin did not vary sipiicaptly in the 
offspring of diabetic and normal rats 7 and 80 days after delivery. 
The findings of Steinherz et al. (2) at 10 days of life are consistent 
with these findings; however, the studies presented in reference 1 
measured hormonal and metabolic changes in the newborns of 
untreated and insulin treated pregnant diabetic rats during the 
first 6 postnatal h of life. Steinherz et al. did a different study with 
other objectives and their data cannot be compared to ours. 
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