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CLINICAL USE OF THE BIGUANIDES AND THEIR ROLE IN STABILIZING JUVENILE-TYPE DIABETES

He was hospitalized with a diet of 161 gm. of carbo-
hydrate, 88 of protein and 83 of fat. During this hos-
pitalization 300 mg. of DBTU successfully replaced the
insulin. During the next eight months his control was
adequate with a 1,900 calorie diet and 200 mg. of DBTU
daily. Marked glycosuria was noted during a placebo
period. He then became careless with his diet and
biguanides, omitting them and taking them only when
he had “bad tests.” He was found to be in early acidosis
with 4 plus urine acetone, glycosuria 5.6 per cent and a
fasting blood sugar of 220 mg. per cent. He was hos-
pitalized and again regulated, though requiring as much
as 96 units of insulin daily to accomplish this,

Since discharge his regulation has been adequate with
no insulin, a diabetic diet and varying doses of biguanide
daily. After one year there is no evidence of change in
liver and renal function or hematological studies.

The side effects. The incidence of side effects is still
high. Except for a more perceptive clinical acumen in
the investigators reflected by better technics of admin-
istration and case selection, little has occurred in the
past year to decrease the gastrointestinal side effects
which as yet appear untelated to any organic toxicity
or damage. There is a narrow area between the thera-
peutic dose and that producing side effects in many
patients.

Toxicity. Because of earlier Synthalin experience, the
toxicity studies assume an increasing importance. The
acute studies™” in experimental animals show that death
by hypoglycemia is produced in animals receiving the
appropriate dose of DBI, but no gross or histologic lesions
are found. In contrast to the other animal studies, those
with the dog have proved unsatisfactory. Ungar® reports
that blood sugars respond inconsistently and death oc-
curs in a few days, often with a normal blood sugar but
with elevated serum phosphorus and low serum calcium.
These atypical dog experiments appear to parallel studies
with Paludrine™

In our own series of diabetic patients there have
been no significant changes in the liver function studies
which included bromsulfalein retention, alkaline phos-
phatase, cephalin flocculation, thymol turbidity and blood
bilirubin. Hematological studies, including hemoglobin
determination, white blood count and blood differential
counts, were consistently normal while renal function
studies, including nonprotein nitrogen and urinalysis,
showed no abnormal variation. It is significant that this
lack of change occurred even in some of our patients
who had kidney damage secondary to nepbropathy and
abnormal liver function values due to liver disease prior
to biguanide administration.
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These findings, as well as normal serum transaminase
levels, have also been reported by the previously men-
tioned investigators.

STUDIES WITH JUVENILE DIABETES

Attempts to alter the course and outcome ot juvenile
diabetes or to stabilize the action of insulin appear jus-
tifiable because of the present natural course of diabetes
in childhood. After an acute onset, often in severe keto-
acidosis, and after a temporary remission phase, intensi-
fication of diabetes occurs. The remission phase is rec-
ognized in one out of three childhood cases and usually
occurs in the third month after treatment, generally
lasting another three to twelve months. Gradually dia-
betes intensifies to a total disease. By the fifth year of
duration some 95 per cent manifest this total state, at
which time the insulin requirement of our patients has
risen to an average of 0.5 units per pound of body
weight. Perfect chemical control of diabetes with present
forms of insulin at this stage is difficult. Overcorrection
produces reactions, distressing to patients and their fam-
ilies, who often follow programs producing chronic
states of hypoinsulinism.

In the course of their diabetic lives, these patients
are exposed to three potentially lethal complications:
coma, sepsis and vascular disease, with the last becoming
the main problem in long-term juvenile-onset patients
and its prevention the main objective. Although a de-
bated point, it seems logical to think that if excellent
control can be achieved without distressing hypogly-
cemia, better results may follow.

Material. In the past eighteen months (Jan. 1, 1957, to
June 1, 1958) 100 patients with growth-onset of dia-
betes (under eighteen years old at recognition) have
been treated with one of the biguanide drugs. From the
original 100, 18 were excluded from the study because
they received doses of 50 mg. daily (a subhypoglycemic
dose) in a separate study by Dr. J¢rn Ditzel, who at-
tempted to restore a normal tone to the abnormally
dilated vessels demonstrable in the bulbar conjunctiva.
Ten others were excluded: for lack of conclusive data,
six; unco-operative patient, three; no proof of active
diabetes, one. Seventy-two patients remained for thera-
peutic evaluation.

Patient selection. The selection of patients of recent
onset for this study was often but not exclusively on
the basis of family experience with diabetes and in-
sulin, such as the second sibling to develop diabetes or
the offspring of a diabetic parent. Otherwise, for the
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most part, patients were transferred after several weeks
of insulin therapy to ensure their understanding of its
use for emergencies. Long-term cases were chosen be-
cause of challenging problems, primarily for unusually
severe reactions, which were often not accompanied by
warning symptoms and led to disasters such as auto-
mobile accidents. Other patients were unusually labile
or had long-continued lipodystrophy. Except for some
recent onset cases, juvenile patients whose progress was
completely satisfactory with insulin were usually not in-
cluded in this study.

Clinical characteristics. At the onset of the study the
range for duration of diabetes was 0.1 to 35 years, ages
4 to 46 years and daily insulin dose 4 to 100 units. Thus,
the average duration was nine years, age sixteen and a
half years and daily dose of insulin 40 units.

Routine of study. The management of these patients
was conducted usually during hospitalization, occasion-
ally while on outpatient observation. All were treated
with the dietary regulation employed in all Joslin Clinic
patients. In the hospital blood determinations for true
glucose were made fasting, at 11 am. and at 3 p.m.
Daily twenty-four hour quantitative tests for urine glu-
cose were made as well as before-meal and bedtime qual-
itative tests. The liver and kidney function and hema-
tological studies previously described were continued in
many of this group. Outpatients reported frequently for
blood and urine analysis and kept records of qualitative
tests, reactions, complications, diet and weight.

Extensive use of placebos was made in this study.
When control was established, a placebo was substituted
for the DBI until rising blood sugars removed all doubt
of the activity of the diabetes. If no evidence of active
diabetes could be found, the patient was removed from
the study series until such proof was found.

Resnlts. According to the criteria in tables 2 and 3,
the results are as follows:

Number Per cent
Group I — (Successful) 35 47
Group II —(Discontinued) 29 42
Group II— (Failures) 8 II
2 1o

Combining Groups I and II indicates that sixty-four
(89 per cent) had significant blood-sugar lowering
while the addition of Groups II and III shows that thirty-
seven (53 per cent) discontinued biguanide therapy
because of side effects or failure in the doses used.

Of the thirty-five in Group I, thirty still continue on
biguanides, fourteen without insulin and sixteen with
supplemental but smaller doses of insulin. This group
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TABLE 2

Classification of cases according to the blood-sugar lowering
response to the biguanides

Group 1 SUCCESSFUL. A demonstrable blood-sugar
lowering effect according to criteria in Table 3.
Group II DISCONTINUED. This group had a demon-

strable blood-sugar lowering effect but were un-
able to tolerate the drug. Discontinued from
the series because of side effects.

Group III' FAILURE. No demonstrable blood-sugar low-
ering effect in the doses administered.

Group IV NOT IN STUDY. This group includes unco-
operative patients, inconclusive results, those
under observation with minute doses as part of
another study and certain patients who could
not demonstrate diabetic activity during the
placebo phase of the study. These are not in-
cluded in results unless they had side effects.

TABLE 3

Criteria for “blood-sugar lowering effect”

1. All patients were on a prescribed diabetic diet priog to
and during the evaluation period. Those on an outpatient
status continued this diet.

2. Three types of patients were studied:

(a) those receiving no previous insulin had to show a
consistent drop of at least 25 per cent in average
blood sugar level while receiving the biguanides.
This had to be below the level of 150 mg. per cent
venous Somogyi-Nelson blood sugar values on speci-
mens taken at 11 a.m. and 3 p.m.

(b) those previously maintained with insulin, who were
able to replace this with one of the biguanides, had
to maintain blood sugar levels as good or better than
they had with insulin.

(c) those who were unable to replace their insulin fully
with the biguanides had to maintain their status with
an insulin dose less than 50 per cent of the original
plus the biguanide.

3. Proof of active diabetes had to be established in each
case by either:

(a) a diabetic blood sugar level (postprandial Somogyi-
Nelson venous value of 150 mg. per cent or higher)
prior to the trial period, and

(b) a return to diabetic blood sugar levels when DBI
was discontinued or a placebo substituted for the
biguanide in spite of a constant diet.

of thirty has been observed from one to sixteen months
(average seven months). Those on combined therapy
average 152 mg. of DBI in daily divided doses plus an
average of 10 units of insulin (range 4 to 40 units daily).
Those on DBI alone average 110 mg. daily. Figure 6 shows
the duration of biguanide treatment in both groups
related to the duration of diabetes. It is evident that the
shortest duration cases show the best results with DBI
alone. This is also indicated in table 4.

In these patients concurrent infections, pyelonephritis
(2), rubella (1), abscessed tooth (1), upper respiratory
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DURATION OF DBI TREATMENT IN 30 SUCCESSFUL CASES RELATED TO

DURATION OF DIABETES

[4 CASES WITH DBI ALONE
AVERAGE 7 MONTHS

16 CASES RECEIVING DBI AND INSULIN
AVERAGE 8.4 MONTHS

FIGURE 6

MONTHS
TABLE 4

Comparative characteristics of the study group

Average
Duration Average
Average of Insulin
Age at Diabetes Dose
Onset of at Onset at Onset
Study of Study of Study
The study group 16.5 yr. 9 yr. 40 units
(seventy- (4-46 yr.) (0-35 yr.)  (4-100 units)
two cases)
“Successful” 15 yr. .6 yr. 31 units

6
Group 1 cases (4-46 yr.) (0-35 yr.)  (4-100 units)
(thirty-five

cases)

28 units

Remaining 14 yr. 6 yr.
(4-100 units)

on DBI (4-46 yr.) (0-35 yr.)
(thirty
cases)

18 units

Remainin
8 (4-40 units)

on DBI alone
(fourteen
cases)

10 yr. 1.3 yr.
(4-17 yr.) (1-2 yr.)

infections, were followed by hyperglycemia and/or gly-
cosuria, which was also present following accidental or
intentional omission of drug therapy as well as gross
dietary indiscretions. These were often corrected by
increase in biguanide dosage. Well over 75 per cent
of the blood sugar tests are maintained at normal levels
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after hospitalization and during outpatient follow-up.
The expected average “true insulin requirement” dose
of o.5 units per pound of body weight is far in excess of
the 10 units daily average. The average dose in those
still requiring insulin- was reduced by 64 per cent.

Case histories. No. 48 (figure 7) is a thirteen-year-old
girl with diabetes of recent onset. Her blood sugar be-
came stabilized with DBI, 200 mg. daily, plus diet. These
values became elevated when a placebo was substituted
for the biguanide, while the patient was still following
a weighed diet, and returned to normal when the oral
medication was resumed. After several months of out-
patient observation, the biguanide was discontinued for
several days. During this period she ate a weighed diet
but hyperglycemia and glycosuria were again found.
These returned to normal levels with a resumption of
the DBI. She has been observed for sixteen months, has
maintained good diabetic control and well-being as well
as proper growth and development.

Comment: It should be noted that although this juve-
nile diabetic is not in remission and has been well regu-
lated with DBI, she did not show urine acetone during
the placebo period while both hyperglycemia and glyco-
suria were present.

Case 88 (figure 8) is a more severe diabetic whose
diabetes was present for twenty of his thirty-two years
of age. His insulin dose averaged 80 units or more daily
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and his blood sugars varied with many severe reactions. ~ and he has been free from severe reactions.
He tolerated the biguanides nicely and after fifteen Acidosis. Although acetonuria was sometimes seen, no
months of combined insulin and DBI therapy, his weight ~ one developed ketosis or coma (CO, of 9 mEq. or be-
has remained stationary, there is no evidence of toxicity = low). This was partly due to careful observation and the
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CLINICAL USE OF THE BIGUANIDES AND THEIR ROLE IN STABILIZING JUVENILE-TYPE DIABETES

prompt administration of insulin if needed. On the other
hand, several patients with extremely high blood sugar
levels and glycosuria who had been receiving DBI re-
turned to normoglycemic levels during this period with
very small doses of insulin, lending credence to the ob-
servation that DBI may reinforce or augment insulin ac-
tivity. No attempt was made to treat any patient in
severe acidosis or coma with the biguanides.

Insulin reactions. The absence of severe hypoglycemic
reactions was striking. No convulsions, loss of con-
sciousness or severe confusion were seen in this series,
even in those patients with combined DBI and insulin
therapy. After initial stabilization blood glucose levels
below 6o mg. per cent were rarely observed. How-
ever, one five-year-old child receiving biguanide alone
had a blood sugar level of 25 mg. per cent during the
first week of trial and remained conscious, while an
adult had hypoglycemic levels of 18 and 23 mg. per
cent without severe reaction symptoms.

Growth, Physiological control paralleled clinical con-
trol. Linear growth was satisfactory in all cases. In the
fourteen maintained on DBI alone the average increment
in height was o4 in. for two months, 0.8 in. for six
months, 1.5 in. for twelve months. The average gain in
weight was 3.5 lb. for four months and 9.5 for twelve
months.

Partial remissions. All fourteen patients maintained
with DBI alone and who formerly requited an average
dose of 18 units have continued without requiring in-
sulin for periods of time greater than expected. Three
comparable groups have been studied by one of us
(P.W.) recently. Twenty-five juvenile diabetics with
diabetes of recent onset were treated with insulin and
sulfonylurea. None was able to discontinue insulin or
even reduce it, and they followed the natural course of
juvenile diabetes, eventually requiring o.5 unit of in-
sulin per pound. In like fashion, no long-term juveniles
replaced insulin in part with sulfonylureas, although
these, of course, were not in the comparable early onset
group. Another group of juveniles early at the onset of
their diabetes received subdiabetogenic doses of syn-
throid and another group received subdiabetogenic doses
of cortisone in an attempt to induce and prolong re-
mission by reproducing islet hypertrophy and hyper-
plasia as shown in experimental diabetes. These last
two groups of fifty patients with cne exception were un-
able to discontinue insulin and, with this exception, have
followed the natural course of juvenile diabetes, re-
quiring ever increasing doses of insulin up to 0.5 unit
per pound of body weight.

The expected number of remissions in our juvenile
cases is one in three of these DBI study patients. Yet
all fourteen continue with the drug, although the critical
three- to five-year period for onset of total diabetes has
not yet been reached.

Vascular lesions. Although the length of observation
certainly does not warrant predictions regarding the
structural changes in small blood vessels, physiological
responses at the microscopic level have been observed by
Dr. Jorn Ditzel. He has reported”™™ pathological changes,
i.e, dilatation of bulbar conjunctival venules associated
with arteriolar narrowing, capillary irregularity and
intrav:scular sludging. DBI had no effect on arteriolar
constriction but alone or in combination with insulin
seemed to have favorable effect on venular dilatation.

Other complications. In the short period of study no
complicating sepsis or neuropathies have occurred.

Toxicizy., No toxicity has been shown in liver func-
tion tests including bromsulfalein retention, cephalin
flocculation, thymol turbidity, alkaline phosphatase, NPN,
white and red cell counts, hemoglobin, differential counts
and complete urine analyses. *

Side effects. Side effects, however, were numerous.
These include loss of appetite, thirty-nine; nausea, twenty-
nine; vomiting, twelve; diarrhea, three; lassitude, three.
These effects appear most commonly twenty-four tc
forty-eight hours after the inception of treatment and
when the drug is omitted, usually subside in twenty-four
hours.

Technics of administration. In severe growth-onset
diabetes, the administration of biguanides can be best
accomplished by attempting to substitute DBI combined
with insulin after the patient has achieved maximal con-
trol with insulin. The insulin is gradually decreased
while the DBI is increased until the maximal tolerated
DBl and the lowest possible insulin dose consistent
with good regulation are reached. If side effects ensue,
the biguanide dose is lowered or omitted. Past training
with insulin by the patient or his family minimizes
chances for errors in management leading to ketoacidosis.
Immediate resumption of the pretherapy dose of insulin
is advised for emergencies requiring omission of the
day’s total DBIL. This may be supplemented with regular
insulin by test. If emergencies arise after the absorption
of biguanide, not more than one half of the usual
supplementary insulin is ordinarily necessary. The in-
cidence and severity of side effects.are lessened by a slow
transfer to the drug. Often they are less frequent in
patients treated on an outpatient basis because of their
slower transfer in comparison with hospitalized cases.
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The biguanides are not as facile or versatile as insulin.
The activity appears to start several hours after inges-
tion and in its present form usually disappears in six to
eight hours. This makes multiple doses necessary and
makes the control of the really severe diabetic almost
impossible without supplemental insulin overnight. Be-
cause the intensity of degree and the speed of develop-
ment of hypoglycemia are less than those of insulin,
the severity of hypoglycemic reactions is minimized, but
this time-action curve makes it unsuitable for emergen-
cies. A total daily dose of over 150-200 mg. is rarely
well tolerated in juveniles.

DISCUSSION

The biguanides are enigmatic compounds which are
discouraging because of the high incidence of side ef-
fects and rewarding when an otherwise unstable, fluc-
tuating diabetic with almost incapacitating reactions be-
comes better regulated with a decreased dose of insulin
plus the DBL

“Many are called but few are chosen” aptly describes
our experience with this study group whose statistical
aterition is illustrated in figure 9.

In addition to the gastrointestinal side effects, the
capriciousness of DBI is underlined by the fact that an
occasional patient (case 49) is well regulated for long
periods with normoglycemia, no glycosuria, without
weight loss and yet feels tired with no sense of well-
being. Another patient (case 56) was well regulated
for a number of months and then gradually showed
elevated blood sugar levels without any discernible

cause. One patient (case 121) failed with DBB but had
a good response to phenethylbiguanide, while another
(case 259) had no effective hypoglycemia with DBI but
was successful with the less active n-amyl analogue.

A serious problem is the inability to give a dose of
DBI large enough to be effectively hypoglycemic in many
patients. Except in cases of insulin resistance, this is
not true with insulin which can be administered in doses
sufficient to Jower blood sugar levels even though this
may create reaction problems. The sulfonylureas, when
effective in carefully chosen patients, often accomplish
this with a singularly simple and stable dose, but with
the present biguanides the dose required varies accord-
ing to the severity of the diabetes and yet the narrow
therapeutic range makes it sometimes difficult to give
an effective dose that can be tolerated.

Some clinical resemblance to Synthalin A and B is
striking, but from the standpoint of toxicity, there ap-
pears to be no similarity. Comparison of biguanides and
Synthalin inevitably brings to mind the experience with
tolbutamide and carbutamide, the sulfonylureas which
show much resemblance until variations in toxicity are
considered. The wide margin of safety of Paludrine
indicates that biguanide per se is not inherently toxic
at therapeutic levels.

However, increasing numbers of patients with growth-
onset type of diabetes and its attendant lability are
faced with rapid rise and fall of blood sugar level, which
often defies the most skillful attempts at control. In
these patients, the combined biguanide and insulin
therapy, when tolerated, smoothes the blood sugar pat-

STATISTICALATTRITION IN I00 GROWTH ONSET DIABETICS
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tern and greatly reduces severe insulin reactions, fre-
quently resulting in blood sugar regulation better than
that obtained with insulin alone.

The short-term cases treated with biguanide alone have
done better than expected. While their eventual need
for insulin may not be revealed until the third to fifth
year of their diabetes, at present they have done better
than comparable study groups. The eventual effect upon
the natural course of their diabetes cannot be determined
at the present time.

Although the site of action has not been clarified,
the clinical effect appears to be that of reinforcement
or potentiation of exogenous or endogenous insulin.

Disturbing side effects of unknown mechanism limit
the use of this drug but experience gained with the
passage of time has lessened their frequency and in-
tensity. The experience with the side effects from the
biguanides has not been much more disturbing than
were the nocturnal hypoglycemic reactions produced in
the early trials with Protamine Zinc insulin.

SUMMARY

1. Seventy-two growth-onset cases of diabetes, receiv-
ing a regulated diet, were treated from one to sixteen
months with the biguanides DBI and DBB and in some
cases a smaller supplemental dose of insulin. Eighty-
nine per cent responded with significant blood sugar
lowering, but 53 per cent of the total group discon-
tinued the drug because of side effects or failure to
lower blood sugar levels in the doses used.

2. Thirty cases still continue treatment for one to
sixteen months (average seven months). Fourteen of
these are being treated with DBI and diet alone, while
sixteen others also receive significantly lowered doses of
insulin.

3. Gastrointestinal side effects occurred in almost one
half of the patients although these were not always
severe enough to discontinue treatment.

4. No clinical evidence of toxicity occurred and none
by tests of hepatic, renal or hematologic function.

5. Significant severe hypoglycemic reactions were not
found.

6. Linear .growth and gain in weight followed the
expected normal curves.

7. Restoration of normal venular tone in the abnor-
mally dilated venules of the bulbar conjunctiva was
observed in some cases.

8. Short-term cases treated with biguanide alone ap-
pear to have done better than expected in delaying
natural intensification of diabetes and the long-term
cases did better than expected in respect to insulin
requirement.
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9. An attempt at stabilization is justifiable in the
usually labile, severe growth-onset diabetics. When side
effects can be eliminated or the biguanides tolerated,
DBI and DBB appear to be useful adjuncts in the total
therapy of juvenile diabetes.

SUMMARIO IN INTERLINGUA

Le Uso Clinic Del Bignanidos E Lor Rolo In Le Stabili-
sation De Diabete De Typo Juvenil

1. Septanta-duo diabeticos de etate de crescentia, reci-
piente dietas regulate, esseva tractate durante periodos de
inter un e dece-sex menses con le biguanidos DBI e
DBB, supplementate—in certe casos—per doses reducite
de insulina. Octanta-nove pro cento reageva per signi-
ficative reductiones del nivellos del sucro sanguinee, sed
53 pro cento del gruppo total interrumpeva le uso del
droga a causa de su effectos lateral o proque—in le
doses usate—illo non reduceva le nivello del sucro de
sanguine,

2. Al tempore presente, trenta del patientes continua
le tractamento, initiate inter un e dece-sex menses retro
(con septe menses como duration medie). Dece-quatro
del trenta es tractate con DBI e dieta sol, durante que le
remanente dece-sex recipe etiam significativemente re-
ducite doses de insulina.

3. Effectos lateral gastrointestinal occurreva in quasi
un medietate del patientes, sed illos non esseva satis
sever in omne le casos pro requirer le discontinuation
del tractamento.

4. Occurreva nulle toxicitate secundo le evidentia
clinic e nulle secundo tests del function hepatic, renal,
o hematologic.

5. Reactiones hypoglycemic de grado significative-
mente sever Nof esseva trovate.

6. Le crescentia linear e le ganio de peso sequeva le
expectate curvas normal.

7. In certe casos, esseva observate le restauration de un
normal tono venular in le anormalmente dilatate venulas
del conjunctiva bulbar.

8. Casos a curte durantia tractate con biguanido sol
beneficiava a grados inexpectate quanto al retardo del
intensification natural de diabete, e le casos a longe
durantia beneficiava a grados inexpectate con respecto
a lor requirimentos de insulina.

9. Le effortio de effectuar un stabilisation es justi-
ficate in le usualmente labile casos sever de diabete al
etate de crescentia. Quando le effectos lateral pote esser
eliminate o quando le biguanidos es ben tolerate, DBI
e DBB pare esser utile adjunctos in le therapia total de
diabeticos juvenil.
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Changes in the ground substance accompanying ex-
perimental xanthomatosis in the rabbit were also studied
by Wang, Strauss and Adlersberg (Arch. Path. 64:501,
1957). The original observation of a bluish violet hue
of the ground substance in sections stained with hema-
toxylin-eosin led to further studies of the relationship
between “acid mucopolysaccharides” of the ground sub-
stance as demonstrated by staining with colloidal iron,
and the deposition of lipids during cholesterol feeding
of rabbits. A group of 120 “chinchilla gray” male rab-
bits was fed cholesterol-treated chow from two weeks to
ten months, receiving approximately 1 gm. of cholesterol
per day. Of this group, fifty-two were selected for the
study of experimental atherosclerosis and lipoidosis after
varying periods of cholesterol feeding. Tissues were
fixed in 10 per cent formalin and sections were stained
with hematoxylin-eosin.

Although there is some question about the specificity
of the procedure, colloidal iron staining was interpreted
to indicate the acid mucopolysaccharides of the ground
substance and gave a bright turquoise color. For refer-
ence, umbilical cord was stained by the same technic.
The skin of untreated control rabbits showed no foam
cells and only small quantities of the colloidal iron posi-

NOVEMBER-DECEMBER, 1958

tive material in the ground substance of the connective
tissue surrounding the hair follicles of the dermis. Ani-
mals fed cholesterol showed the early appearance of the
blue material coinciding with the appearance of foam
cells followed by a decrease in “mucopolysaccharides”
as foam cells increased. Lipids seemed to be deposited
initially in a fine matrix of this material, both within
and outside the cells.

The cartilaginous tissue matrix of the joints of un-
treated young animals was characterized by a bright blue
color with the colloidal iron stain. Cholesterol feeding
was accompanied by the usual deposition of foam cells
in the synovial membrane, periosteum, bone marrow and
lacunae. A moderate increase in “mucopolysaccharides”
was seen in the connective tissue around the arteries, in
the periosteum and in the bone marrow along the tra-
beculae. The cytoplasm of the foam cells was stained
pale blue. The difference in staining observed in different
normal tissues either indicated a quantitative variation
in “acid-mucopolysaccharide” concentration, or reflected
a changing color reaction due to the fact that the type of
chondroitin sulfate varied from tissue to tissue.

From Nutrition Reviews, Volume 16, Number 7,

1958, pp. 212-13.
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