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INTRODUCTION

Diabetes mellitus it characterised by certain changes in carbohydrate,
fat and protein metaboliem, (10, 36)

The diabetic shows & depletion of body carbohydrates due to loss
of glucose from the body. (8) The liver glycogen stores are diminished,
and in addition, there appears to be & lack of phosphorylated glucose
intermediary metabolites, (15)

The changes in fat metabolism are apparently intimately connected
with the carbohydrate derangement. (8, 15) The body fat depots are decreased
with incressed oxidation of fat and increased production of ketone bodles
(acetoacetic and B-hydroxybutyric acids). There is 1little production of
fat or fatty aclds from carbohydrate. It would appear that "lipogenesis
18 dependent upon efficiens glycolyeis®, (15) A hyperlipemia is sometimes
present with an increased serum cholesterol level and fatty infiltration
of the liver,

The body orotein stores are also devleted in the uncontrolled
diabetic, (3, 10) There is fallure both of storage and of synthesis, and
an increased amount of nitirogen i; lost from the body in the urine., The
increased serum amino acid level sometimes found in the diabetic probably
results from decreased protein synthesis, though it may be due to increased
rate of protein catabolism. (36) This amino acid rise may also reflect
a primery or secondary liver dysfunction.

All of the above-mentioned carbohydrate, fat and vrotein changes
are reversible by administration of insulin.

There are apparently several different means of classifying diebetes

mellitus., The more widely used claseification, one which can be utilized



for the great majority of diabetics, is essentlally descriptive and
consiste of three rather distinct symptom complexes. (12, 39, 40)
Lawrence describes these three tyves as follows.

Type I: The disbetes of these patients usually begins before the
age of 40, and 1s often referred to as juvenile diabetes because of the
frequent onset before the age of twenty. The type I diabetic is subject
to ketosis, but is also very insu’in-sensitive. His usual daily insulin
requiremenf is 40+ unite cer day, about equal to the need of a totally
pancreatectomized human. Renal, vasculsar and ocular complications are
not often seen in thie ¢ oup. The hepatic changee most often seen,
even with control of the diabetis state, 1s fatty metamorvhosis, though
this ie by no means & constant finding. Another voint ig that the
insulin requirements generally lncrease as the disease progresses regard-
less of die€ control. Lawrence also includes iﬁ this group those patient
who fit the above descripsion but who have insulin neede of between 60
and 100 unite per dey, in mddition to the rare vatient who requires
hundreds or even thousends of units ver day. This latter highly insulin-
resistant phase 1s transient and the patient later reverts to his usual
diabetic state, (22) On the basis of various clinical and laboratory
observations Lawrence believes that the basic defect in type I patients
ié a2 vancreatic insulin deficiency. In those who are insulin-resisiant
this deficiency is comvlicated by the presence of some insulin antagonist,

Tyve II: This diabesic is generally an obese wor -2, older than
forty years of age. (Some are between twenty and forty.) The women
outnumber the men two to one. These patients commonly complain of

volyvhagia, vpolyurie and polydypsia vrior to diagnosis. They are not



subject to ketoslis. These patients are often referred to as adult
diabetics, though Lawrence suggests the term lipoplethoric. The adult
diabetic can usually be controlled by diet and welight reduction, but

may also require insulin in amounts somewhat less than L0 units per day.
This patient, while not subject to ketosis except in the face of
infection, coronary thrombosis, or low carbohydrate diet, is helr to the
various complications of Alabetes, such as vascular lesions, retinopathy,
cataracts and nephropathy. There are no typlcal or constant hepatic
changes seen in thie group. The condition of the liver is dependent upon
the nutritional state of the patient, the degree of control of the
disvetes, and the duratior of the diabetes, It would seem that the tyve
I1 diabetic vroduces endogenous insulin, according to laboratory and
clinical findings,

Tyve III: This is & very rare tyve of diabetes ususlly having its
onset in children and young adults., Thege patients have no ketosis, but
are hyverglycemic and insulin-resistant. The most striking physical
feature is the absence of fat devots, For this reason, Lewrence terms
this tyve lipoatrophic diadbestes. Iven though fat depots are lacking, a
marked hyperlipemia is vresent when there is an existing hyperglycemia,

If the diabetes is adequately controlled by sufficient insulin, the

lipemia drops to normel levels, Hepatomegaly with eventual cirrhosis and
poésible splenomegaly are also present, as is an increased basal metabolic
rate without thyrotoxicesis, It is not kmown whether or not these patients
produce an active insulin,

Another method of classification is based on the amount of excretion
of choline in the urine. (19} Czaky found choline excretion increased

in the so~called adult dlabetic, with or without fatty livers, and normal



or decreased in other diabe=ice., Though it is not known whether or

not hepatic abnormalities are primary or secondary findings in diabetes,
it is well recognized that in certain cases treatment dirscted to the
liver, e.g., the use of lipstrovic agents, may control the diabetes,
(21, 43, 48)

Himsworth divides diabstes into two categories, (31) These are
1nsulin~gsensitive~-ithose wish an absolute lack of insuline~ond insuline
insensitive~st{tlose with & lack of @gme sensitizing factor, or possibly
(a) an excessive amount of zluccse released from the liver overwhelming
the insulin present, (b) lack of glucose storage capability in the
liver, or (c) inability of ipsulin to mct, for whatever reason, He felt
that ingestlon of carbohydrates caused the body to become more sensitive
to insulin by elaboration ¢f an insulin-sensitizing factor. The
diabetes could thus result from a deflcit of insulin, or & relative or
absolute excessive demand for insulin,

The suggestion has been made thsat dimbetes mellitus In the elderly
vatient is only m reflecticn of & compensatory increacse in blood sugar
secondary to decreased cell membrene vermeability. (66) It has been
shown that the -ate of use of perivheral glucose remains the seme at
norsal as well as increasec bleod sugay levels,

There are severel wel. established methods of produclng disletes,
though the basic metsbolic defect 1le stili obscure, even In these cages,
Tarerestectomy will cause (isbeter by eliminating the Islets of Langerhans.
Adrminigtration of alloxan + 111 accomplish the same result. An excess of
anterior pitultary hormone, elther endogenous or exogenous, will produee a
disbetie state, Growth hormone seemse te act directly while the effect of

adrene-corticotrople hormone (ACTE) is mediated through the adrenal cortex,

Hyveradrenalism oy adminis‘ration of cortisone may cause disbetes, The



thyroid gland seems to be implicated also in that the hyperthyroid

patient may show hyperglycemia and {ncreased production of ketone bodies.
(36) But the serum cholesteol and blood 1ipid levels in these individuals
are normal or decreased rather than increased.

There are some who believe that the basic defect in the dlabetic
lies in the sulfhydryl metabolism, (32) It has been shown that colloidal
sulvhur in emal) doses will lower blood glucose levels (29) and that
glutathione may reduce the experimentally induced hyperglycemia of ACTH
administration. Glutathione also rrotects the beta~cells of the islets
of Langerhans from the toxic effect of alloxan. (42) Lazarow showed that
anterior vitultary extract ‘njectlion causes a decreased glutathione
content of the tissues, as dces ACTH., He also demonstrated that thiourecil
and thyroidectomy caused increased concentrations of free sulfhydryl
groups in the tissues and thue vrotection of the beta=cells against alloxan
toxicity. Insulin also causes an increased glutathione level, and
thiouracil has some beneficial effect in mildly disbetic rats, The
vossibility is suggested that the disbetes of some patients has an extra-
vancreatic origin and only later is there beta~cell involvement.

It has been shown that liver homogenates from starved or fat fed
rats are capable of destroyving insulin activity at a lesser rate than
homogenates from carbohydrate fed rats, (62) It has 2lso been observed
that many disbetics have a subnormel circulating insulin and excrete less
insulin than the normal. On this basis, a group led by Mirsky suggests
that in the majority of diabetics, the disease process is due to an
increased rate of tissue destruction of insulin by the enzyme insulinase, (52)

Ever since Banting snd Best first reported the hyvoglycemic action

of a pancreatic extract ir. 1922, attempts have beern made to explain the



mode of action of insulin-~it is still not clearly understood. (u)
Oneof the more widely accepted explanations is that given by the Cori's.
(17, 18, 69) They demonstrated that insulin was capsble of releasing
hexokinase from inhibition by & hormone elaborated by the anterior
vituitary, This resulte in increased production of glucose in its
active form, glucose~5<phorsphate. It has been shown since that time,
howeveg, that there is no difference between the hexokinase activity of
normal or alloxan diabetis animals, (61) This explanation, therefore,
may dbe questioﬁablea It na8 been suggested that insulin causes an in=
creased cell vermeability, thues allowing glucose to enter the cell for
metabolism. (4h4, 62) Anozher group supvorts the idea that insulin acts
upon the glucose-—glycogen equilibrium in the liver, favoring a shift to
the right. (41)

Attempts have been nade to correlate liver function studies and
histologic apvearance of -he liver with duration of diabetes and insulin
sengitivity. (28, 70, 71) While results are not conclusive, the
indication is that while ‘.iver function studies may not give a true
picture of the microscopic‘appearance of the liver, the degree of fatty
metamorvhosis often paraliels insulin insensitivity, and also correlates
somewhat with duration of the diabetes and obesity of the patiemt. It
does not correlate at all with tke previoua control of the diabetes,

it has been demonstrated that destruction of the hypophysis causes
amelioration of the dlabetic state, as does adrenalectomy, with subsequent
increased sensitivity to insulin, (15, 17, 62, 69) Steroid diabetes, i.e.,
one produced by hyperadreralism or by administration of cortisone, is

insulin insensitive. (11)

Best seems quite imrressed with the apparent relationship between

the growth hormone and insulin., (8) GCrowth hormone causes protein



anabolism, and insulin is essential for this activity. (17, 36) In
normal animals there 1s an ‘ncreased secretion of insulin in response
to administration of somatosropin. In the absence of gomatotropin,
inaulin is itself capable o’ acting as the growth hormone., This
relationship needs further sxploration,

For many years attempts have been made to find oral therapies for
the treatment of diﬁbetes mellitus, Various oral insulins have proved
either ineffective or impractical. (46) One of the first substances to
be explored was Synthalin, 3 guanidine compound, Its hyvoglycenmic
effect was due to hevetotoxicity with a subsequent derangement of glycogen
synthesis. It was soon found, howover, that Synthalin was too toxic and
its use was abandoned.

In 1942 Janbon found, while studying the therapy of typhoid fever,
that & thiodiazcl sulfonamide was able to cause a hyvoglycemla in some
of the patients. (80) Following thie, Loubatieres and others investigated
a number of related compourds and found meny to be effective in causing
hyvoglycemic reactions. (27, 47, 81) In 1955, the use of p-amino-
benzene—sulfonamido~butylurea (BZ55, Carbutamide) for the control of
diabetes, revlacing exogencus insulin was reported, (1, 7, 2u4) Unfortunately,
in 1956 it was shown to be too toxic and was removed from clinical use,
A similar non~tacteriostatic compound, l-butyl=3=p=-tolylsulfonylurea
(D860, tolbutemide, Orinase), alsc having hypoglycemic effects in diabetic
patients, is at vresent undergoing clinical and laboratory evaluation,

This paper presents a serles of disbetic patients treated with tolbutamide.



CASY PRESENTATIONS

Six diabetic patients, two men and four women, ranging in age frog 54
to 77 years, were vlaced on Orinase routine while in Douglas County Hospital
for various problems other than dlabstes. The known duration of the dia-
betes ranged between 14 days and 22 years. None of these patients had hed
orevious evisodes of disbetic coma, In order to better select the vatients
for the Orinase therapy orior to actually placing them on the tolbutamide,
an oral "Orinase test" was performed. (16) This consisted of cessation of
ingulin therapy for three dars., On the morning of the fourth day, the
fasting bYlood sugar level was determined, and the vatlent was then given
three grams of the oral hyvozlycemic agent, If at the end of four hours,
‘the blood sugar had decreasei by 20% or more, the chunces were that this
vatient would resvond favoradly to Orinase, It has bdeen previously
demonstrated, however, that this is not a comvletely reliadble test, and that
all patients with onset of ¢labetes past the age of 20 deserve a trial
verilod of tolbutamide before declaring them unsuitable for this regimen.
(20, 45) As it turned out, the diabetes of two vatients with responses of
less than 20% was not well controlled after two weeks of Orinase theravy,
while one patlent had a resHonse of less than 20% and was well regulated
by Orinase. At no time hav: any 0¥ the patients exhibited either clinicel
or laboratory signs of toxi:ity, such as skin rash, melaise, fever, renal
dysfunction, réd blood cell or white blood cell devoression, or sbnormal
henatic functlion tests attributabls to the Orinase theravy. These patients
hzve been on Orinmse vlus the diabetic diet control for veriods of between
32 =nd 125 days. In all irstances, the oral hyvoglycemic agent mlus
distetic diet were used to comnletely revlace the insulin progrem. Immedi-
ately following the Orinase test, the dosage of Orinase was reduced daily
unti1l by ithe fourth day, a level of 1,0 gm. ver day was given, The amount

wvas later varied as deemed necessary,



Following the descriptica of each patient is a table in which are
recorded the results of the routine laboratory tests made in conjunction
with evaluation and control of each patient, The values are expressed
in gram 4, milligram %, or % of normal, as appropriate., The following
abbreviations are used: FBS (fasting blood suger), Cholest. (cholesterol),
TSP (total serum protein), 4/C (albumin/elobulin), ceph. floc. {(cephalin
flocculation), BSP (bromsulfelein), and Proth., (prothrombin).

1) J.F. This is & moderately obese 54 year old white man who
entered the hospital for repair of sn inguinal hernia. A routine urine
check coupled with an elevated blood sugar, sluggishness and weight loss
of 6 pounds in the past thres months disclosed a previously undiagnosed
case of diabetes mellitus, Tis diasbetes was controlled with 25 units of
NPH insulin ver day, The fasting blood sugars ranged between 160 mg.%
and 124 mg.% while on insulin therawy, On the 28th hosvital day, the
Orinase test was carried out. The response was an 11% drop in blood
sugar. Uiver biovpsy with Silverman needle was taken after 20 days of
Orinace therapy. Control of disbetes was excellent with 1.0 grams
Orinase deily. See Fig, 1.

Hosp, ¥BS Cholest. TSP A/G 48 hr, 45 min. Proth,

days & cevh, BSP time
asters floc.

28 110 282/172 5.30 - .06[2.24 = 0 90
35 112 302/180 5.05 :[.97/2.08 = 0 100
Lo 110 296/176 5.05 .70/2.3% - 0 9l
bs 100 290/178 5.65 :.88/2,77 - 0 90
13 ol 302/200 4.55 .88/1.67 =~ 0 90
60 117 Patient diecharged

2) M¥.B., This is a we'l nourished, not obese, 54 year old white
womaen who entered the hospizal with generalized arteriosclerosis and
peripheral vascular insuffi:iency. She had had a right mid-thigh

amputation two years earlier for gangrene. The dlagnosis of dlabetes
mellitus hed been made 22 ysars agn, and she was controlled on 35 units
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of NPHE insulin per day plus diabetic diet. Her fasting blood sugar levels
normally ranged between 110 aad 170 mgm,%. On the 5th hespital day she
was given the Orinase test. The resvwonse was a 22% drop in blood sugar,

A liver biovsy was verformed with a Silverman needle on the 26th day of
theravy. Control of diabetes was excellent with dosage of 1.0 gram,

Orinase daily. See Fig., 2.

Hosp. ¥BS Cholest. TSP Alc 48 hr, 45 min, Proth,
days & ceph, BSP time
esters floc,

5 212 261/160 5.45 ,70/2.75 - 0 100
13 113

19 97 260/158 5.85 1,97/2.88 = 0 9l
26 113 258/154 5.20 .97/2f23 - 0 95
33 117 256/15¢ 5,05 ,88/2.17 = 0 100
38 Patient discharged

39 110 248/148 5.65 12.97/2.68 = 0 90
hs 106 250/150 5.65 1.10/2.55 = 0 95
52 106 203/125 5.68 .70/2/95 = 0 100

3) L.S. This is = mod=rately obese 71 year old white man who
entered the hosvital with pazsinusi«is and atrovhic rhinitie, Diagnosis
of digbetes mellltus was mad2 after & positive routine clinitest of the
urine and & subsequent elevated (175 mgm.%) blood sugar level. He was
at firet controlled on 25 urite of YPH insulin ver day plus disbetic
diet, BHie fasting blood eurar levels normally rarged betwesn 110 and
157 mgm.%. On the 50th hos- ital day he was given the Orinase test., The
TesvonNse was a 22% drop in tlood suzar, Contrel of diabetes was satis

factory on 1.25 grams Orinase daily, See Fig, 13.

Heer, FBS Cholest., TSP AlG 48 hr. 45 min., Proth,
deys & cevh, BSP time
esters floc.,
55 112 185/117  5.65 2.79/2.86 ++ 0 100
€5 135 185/108  6.86 3.20/3.65 - 0 100
67 13
7 120 210/130 6,00 2.70/3.30 tr 0 ol
86 Patient discharge?d
91 145 188/110  6.50 5.25/3.25 4+ ol 100
98 141 210/127 6.85 3.45/3.40 tr 0 100
105 143 221/130 6.85 3.86/2.99 tr 0 100
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113 147 162/100 7.1t 3.65/3.50 tr 0 100
119 150 6.8t 3.55/3.30 0 100
126 126 220/132 6.2¢ 2.70/3.50 = 0 100
133 143 205/127 6.6C0 3.25/3.25 = 0 100
140 150 221/132  6.4C 3.45/2.95 - 0 100
147 145 181/128 6.2¢ 3.35/2.85 - 0 100
154 155 220130 7.6% 3.35/4.30 = 0 100
161 168 190/128 6.0C 3.00/3.00 = 0 100
168 162 183/130 5.85 2.45/3,40 - 0 100
175 177 180/129 6.6C 3.45/3.15 = 0 100

4) A.H. This 1s a well nourished, not obese, 64 year old Negro
woman who entered the hospital with a plantar abscess and a diagnosis of
endarteritis obliterans. She had had a mid-thigh amputation of her left
leg 3 years ago, and she had been controlled on 20 units of ¥PH insulin
per day vplus diabetic dlet. Her fasting blocd sugar normally varied between
120 and 140 mgm.%, On the 95th hospital day she was given the Orinase
test. The resvonse was a 29% droo in blood sugar. A liver biopsy was
verformed with a Silverman needle after 113 days of Orinase theravpy.

Control of dlabetes was ex~ellent on dosage of 1.0 gram Orinese daily,

See Fig. 4,

Hogp, FBS Cholest, TSP AlG 48 hr., 45 min, Proth,
days & cevh, BSP time
esters floe.

95 124 221/120  6.00 2.79/5.21 = 0 oL
105 131 199/98  7.20 3.06/L.1k - ) 9L
1i2 128
122 120 210/115 6,40 3.25/2.15 = 0 90
134 110 162/114 5,85 2.79/.06 - 0 ol
1356 Patient discharged
141 164 168/76 6.40 3.15/7.25 tr 0 88
148 152 196/94  7.35 3.15/L.20 - 0 90
15% 196 143/90  6.85 3.15/2.70 - 0 ol
163 143 210/120  6.60 3.25/3.25 tr 0 ol
169 127 158/100 6,40 3.06/31.34 = 0 ol
176 139 181/88 7,45 2,88/L.57 = 0 90
183 147 192/102 6,40 3.15/2.25 = 0 90
160 132 203/110 6,60 3.06/3.5% - 0 90
197 168 196/106 6.00 2.85/3.15 = 0 ol
20h 162 216/100  6.20 2,90/3.50 0 ol
211 147 200/112  6.00 2.07/3.93 - 0 100
218 177 196/106 6.20 3.06/3.14 = 0 95

225 165
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5) J.A. This is a £lightly obese, 75 year old Negro woman who
entered the hospital with an upper respiratory infection. She had had
diabetes for 20 years, ané was controlled by 10 unite of ¥PH insulin per
day with diabetic diet. Fer fasting blood sugar levels normally ranged
between 110 and 190 mgm.%. She had diabetic retinovathy and an occasional
cast in her urine. On the 26th hnspital day she was given the Orinase
test, The response was a 4&% dro» in blood sugar. Control of diabetss

was excellent on dosage of 1.25 grams Orinase daily. See Fig, 5.

Hosp, FBS Cholest, TSP AlG 48 hr, 45 min. Proth.
days & cevh, BSP time
esters floc.

26 110 278/iks  6.60 3,06/3.84 - 0 100
16 164 221/118 7,15 3,06/L.09 - 0 ol
b3 150

53 143 320f215  6.50 2,97/3/53 = 0 90
€2 Patient discharged

67 148 312200 7.35 3.06f/L.29 - 0 ol
74 148 349/255 7,15 3.25/2.90 - 0 9L
81 160 369/260 6.85 3.15/3.70 0 94
89 145 320/210 6,70 3.45[2.25 = 0 100
95 147 380/250 6.60 3.25/2.35 - 0 100
102 132 1369/265 6.60 3.06/2.54 ~ 0 100
109 147 375/270  6.85 3.35/3.50 = 0 100
116 135 1380/256 6.40 13,35/3.95 =~ 0 100
123 145 3440144 6,00 2.93/2.07 =~ ! 95
130 145 1370/256 6,00 3.15/2.85 = 0 100
137 147 340/238 6.60 2,97/3.63 - 0 100
1iky 131 360/250 6.00 2.70/3.30 - 0 100
151 139 350/245 5.65 2.70/2.95 - 0 100

6) M.D. This is a mcderately obese, 77 year old white woman who
entered the hospital for removal of cataracts, She had hypertension and
arteriolar nephrosclerosis, The diagnosis of diabetes had been made 1
year vpreviously. She was e¢ontrolled by 35 units of NPH insulin per day
with diabetic diet. Her fasting bdlood sugar levels normally ranged
between 130 and 170 mgm.%. On the 27th hospital day she was glven the
Orinase test.‘ The response was a 0% drop in blood sugar. Control of

diabetes was excellent on drsage of 1,25 grams Orinase daily., See Fig, 6.
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Hosp, ¥BS Cholest, TSP AlG 48 hr. 45 min. Proth,
days & ceph, BSP time
esters floc.
27 105 320/215 5,65 3.35/2.30 = 0 100
38 183 330/235 6.4 3.35/3.05 = 0 100
us 150
L9 Patient discharged
54 198 298/180 5,65 2.70/2.95 = 0 94
61 193 306/22h 5.8t 3.35/2,50 = 0 88
68 160 1330200 6.00 3.15/2.85 =~ 0 90
75 191 268/188 5,75 3.35/2.40 = 0 100
76 Return to hospital for second cataract removal.
83 199
90 131 303/202 5.55 3.06/2.49 - 0 100
97 135 298/182 5.20 2.97/2.28 - 0 100
105 117
115 Patient discharged
119 184 212/200 5.20 13.06/2.14 - 0 95
126 177 298/185 5.35 2.45/2.90 - 0 90
133 177 206[120 5.20 2.97/2.23 = 0 90
140 147 250/120 6.10 3.40/2.70 - 0 1
146 148 235/110 5.75 2.53/3.22 - 0 95

Three liver blopsies were obtained using the Silverman needle, A
vortion of each tissue was fixed in Carnoy's solution, and the other part
in formalin-calcium chloride solution, The tissues were sectioned at
5/, and then stained routinely with hematoxylin~eosin (Figs, 7-9). In
addition they were stained for glycogen with Best's carmine (Figs. 10-12),
and for lipids with oild red O (Figs. 13-15), All biopsies were taken
2 hours after a normal meal. Tissues were obtained from J.F., M.B., and
A H,, as noted above. All of the tissues appear to be well within normal
limits, both on the basis c¢f histological avpearance and histochemical
stalning reactions. There are, however, differences within the group.
J.F. showed a little fatty infiltration with a heavy deposit of lipid
droplets and 2 small amount of glycogen devosition., He also had a very
slight amount of perivortal round zell infiltration., M.B. showed a very
little fatty change with only an oscasional vacuocle and a moderate number
of stalned 1ivid droovlets, with slightly more glycogen devosition than

J. ¥, There was a very mininal amount of veriportal round cell infiltration.
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A H, showed minimal fatty changes with a lesser number of lipid droplets
than the other two, and only a rare vacuole, The glycogen deposition in
this case was the heaviesy of the three patients. There was no evidence
of periportal inflammation. The fat and glycogen distribution was uniform
throughout the tissues with no verivheral or central lobular pattern.

The only apparent reciprocal arrangement was with regards relative quantity
of fat and glycogen. It was noted, in addition to the above findings,
that the liver of J.F. showed many nuclear vacuoles,.tha% of M.B. very
few, and that of A H, almost none. These vacuoles were interpreted as
glycogen deposition within the nuclei.* However, they 4id not take the
gtalin for eilther glycogen sr fat, Since intra~nuclear glycogen vacuoles
are not & constant finding in diabetes and since there 1s no apparent
correlation between duretinn of diabetes, severity of the diabetes, or
degree of control and the inding of these vacuoles, little significance
was attached to their vresence, (635) All three patients did display,
however, an occaslional, smell intra-nuclear granule of glycogen, as
demonstrated histochemically. There seemed to be no difference between
patients, in this respect. None of the biopsy material showed any signs

of eytotoxicity,

*The author is indebted to Drs, H, W, McFadden and C. A, McWhorter for
this and other observations concerning the tissues.
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DISCUSSION

The role of the oral hyvoglycemic agents is still being explored
and explanation of the mode of actinn of these compounds is a subject
still requiring much work, Certain observations are weil agreed upon,
others are controversial.

Tolbutamide seems to give best results in those diabetice who might
have been controlled by weight loss and dlet alone, and therefore in the
adult, obese dlabetic vatiens, (45) It can be used in other vatients
also, and each diabetie probably deserves a trial with a sulfonylurea
before it is concluded that he can a0t be aided by it. (58) The duration
of the diabetes does not seen imvortant. Some workers feel that if it
has been present 20 years or more, toltntamide will not te effective,
but there is disagreement, and the :orrelation between duration and
efficacy of a sulfonylurea i3 mot well established. (16, 68, 74) The
age of the patient at the onset of the disease process correlates much
better (see below). It has heen fa'rly well demonstrated that those
patients who have been In acidosis ére generally not aided by tolbutamide.
(15) In the present series a0 attempt was made to see if the insulin
dose could be reduced in vatients taking Orinase. The interest centered
onlv in those vatients who c¢oruléd dbe completeiy freed from the use of
insulin. The severity of thz diabetes, therefore, played a vart. Orinase
is apparently able to replacs up to 30 to 35 units of insulin per day,
and may be useful in reducing the insulin requirements in patients using
100 or more units per day. (54, 76, 88) It ig also reported as having
deereased markedly the insulin requirement in a lipoatrophic patient. (50)
The main clrcumstances in which an oral sulfonylurea is of no value at

all involve times of stress, as with an acute febrile infeection, and
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acldosis. (58) Aside from clinical svaluation, & laboratory method of
determining potential efficacv of tolbutamide 1g the Orinase test as
previously stated. The Orinsase can be given either orally or intra-
venously., After the test dose, 1f the blood suger is depressed 20% or
more, after oral administraticn, or 26% or more, after intravenous
administration, the vatient i¢ vprobatly a suitable candidate for trial.
(13, 16) The intensity of the response, however, is no absolute gulde
to the finsl dosage, One worker uses the criterion of absence of
ketonurlsa 24 hours after stoprling insulin as favoring & good response to
sulfonylurea theravy. (?76) Most patients are well controlled om 1.0
gram of Orinase per day, eithe: in single or divided dosage. Some have
been maintained on &as much ae 3.0 grams per day with good results., The
dosage has an inversely proportional relationship to the fasting bloocd
sugar in most instances., However, the vhysiclan should not &llow the ease
of administration of an oral hypoglycemic agent to lull the patient into
e sense of false security regarding non—regulation of diet. In the
series revorted here, the blood suger levels were usually decreased by
reveated and detalled diet instructions, rather than by an increesed
Orinase dosage.

Thouzh almost every diabet ‘e should be tried on an oral sulfonylurea
regimen before stating categoric~ally that he is not suitable for this
tyve of therapy, it is well established that the juvenile dlabvetic (all
of those with onset &t less thar 20 years of age, and 1/3 of those with
onset between 20 &and 4O years of aze) will not respond to the sulfonylureas.
This observation in itself gives some insight into & vossible mode of
action of tolbutamide (see below). Some investigators, however, have

claimed favorable results with a few juvenile diabetics. (5, 20, 35)



There are relatively few contraindications to the use of tolbutamide.

As noted above, it is useless for treating a patient in acidosis or an
increased blood sugar assocleted with stress. Patients with ulcer symptoms
sometimes experience an exaccerbation of discomfort when placed on tol-
butamide, and sometimes a dermatitis may flare up. (20) One worker, how—
ever, reporte that a diesbetic vatient with ulcerative colitis has had no
recurrence of the colitie during § menths of Orinase use, (88)

Side effects are infrequent, With tolbutamide they are generally re-
vorted as occurring in less tran 1% of cases, (74, 82, 88) Only rarely is
a leukopenia seen, and it may be corrected by simply discontinuing the
Orinase therapy. (25) In one {nstance, the Orinase was resumed with no 111
effects, Dermatitis rarely ocrurs. There have been a few cases of Jaundice,
but none definitely attributabie to the tolbutamide. There have been no
revorte of "aulfal toxicity or of rensl complications. Hypoglycemic re-
actions are unusual, but when they occur can be treated with oral or
intravenous glucose, An inciplent ketosls, based on routine urine checks,
can be treated with insulin in the usual manner. It must be remembered
that oral sulfonylurea therapy renresents a new therapeutic regimen, and
thet the effents of long term aiministration are not yet known.

Laboratory methods have besn employed in the attempt to explain the mode
of action of the sulfonyluress, In many respects the results are contreversial,
The principal hyvotheses as to their action include anti-glucegon agents,
antagonists to dlabetogenic hormomes, inhibitors of hepatic enzyme systems,
irgulin-like action, anti-insulinase agents, and stimulants to insulin
vroduction.

One of the earller interpre:ations regarding the mechanism was that they
acted as anti-~glucagon agents, e’ ther verivherally or by attacking the
alpha-cells of the vancreas directly. (1, 7, 2&) Glucagon, it will be

remembered, is & substance probatly oproduced by the pancreatic alovha-



18

cells which is s2id to casuse an ircreased hlood sugar level by a lytic
action on liver glycogen, ‘37) Mest of the evidence today is ageinst

the anti~glucagon explanation, Tolbutamide produces no hyvoglycemic effect
in severe alloxan diabetic animals, nor does it block the hyverglycemie
effect of administered glucagon. (9, 78) The pancreas of the tolbutamide

treated animal has a normal glucagon content, and the alvhe-cells show

no histologic evidence of any change after a course of Orinase administration.

(6, 59)

A number of workers havs inves*igated the action of the sulfonylureas
on hormones 2nd endocrine glands canable of vroducing a hyverglycemic
state. The conclusions reached regarding adrenal apd pituitary glands
are falrly well agree? upon, namely, that tolbutamide does not act to
depress the sdrenal or vituitary systems, (26, 60, 75) In fact, an
animal 1s rendered moye sensitive to tolbutamide (just as to insulin) by
adrenelectomy, and the hyvergiycemla caused by cortisone administration
is unaffected by sulfonylureas. (33, 79) Also, both normal and hyvo-
ohysectomized dogs show an equal reevonse to sulfonylureas; ard,
tolbutamide does not affect tre !‘ncreased blood sugar caused by the
diebetogenic factor of the antsrior vituitary. (73) The effect of the
sulfonylureas on the thyroid gland does not seem quite so clear-cut.
Tolbutamide appears to have & nild anti-thyroid effect, as indicated by
a slight decreage in vrotein~-bcund 1odine value and radioc-active lodine
foickup®, but with levels remaining within normel limitse. (1%, 38, 49, 57)
It should be recalled that thiouracil or thyroidectomy causes an in-
creased concentration of free silfhydrrl groups in the tissues., The
higher level apvarently vrotects the beta-cells of the vancreas and may
cause a decrezsed blood suger. This varticular phase of action probably

deserves further investigatlon.
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Another locus of actis»n has been vroposed for Orinase, namely the
liver, but most of the evidence i1r against this explanation., It wes
suggested that tolbutamlde inhibited hepatic gluconeogenesies and
hepatic release of glucose, or that there was imvroved hepatic glucose,
ketone body and fatty acid atilization. (59, 60, 86) It has teen well
demonstrated in vitro, however, that tolbutamide has little effect on
glucose~b6~rhosphatase activity and that the concentration of tolbutamide
nesded to inhidbit glucose production from liver slices is excessively
high. {2, 6, 63) (Applicaticn of ir vitro results to in vive circumstances
may be done only with cauticn,) Dulin obeerved that tolbutamide was able
to exert a hypoglycemic effezt in hepatectomlized animals, and that 1in fasted,
intact animals, tolbutamide zaused decreased blocd sugar with an increase
in liver glycogen content, (”5, 83) In normelly fed rats, tolbutamide
caused decreased blood sugar with diminished liver glycogen. No muscle
glycogen changes have been olserved with tolbutamide administration. (51)
Also against an hepatic site of sction is the absence of variation from
normael in the liver function tests. {77) In the present series there
are no sbnormalities which can1 be atiridbuted to Orinese theravy. It should
be neted here that the geriat—-ic vatient may normally show an inverted
or decreased serum Af/G ratio, (34) VMieroscomic study of liver biopsy
specimens revealed neither ev’dence c¢f disturbed morphology in general,
nor cytotoxicity in varticular. One pather interesting and vpossidbly
significant observation has been made concerning the detoxified form
of tolbutanide. Orinase is ex~reted almost entirely in the urine. The
detoxified conjugated form is “»mcarboxy~tenzene-sulfonamldo~butyluresa.
(78) It is highly soluble snd therefcre the chances of crystalluria

are slight. (23) The excreted substance is apparently without metabolic
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effect. Kinsell repvorted that of two juvenile diabetics itreated with
tolbutamide, one had & good respvonse while the other did mot. (35) In
the first case, the greate- vart of the comvound was excreted in its
conjugated form. In the second, the greater vart was excreted free.

The possibility of an insulin-like action has been suggested for the
sulfonylureas, dbut the majerity of reports dec not supvort this idea,
(26, 44, 78B) Aside from the previously mentioned observations that the
sulfonylureas are ineffectlre mgainst the hyverglycemia associated with
glucagon, cortisone, anterior vituitary extract injections or severe
alloxan diabetes, several cther vhenomena have been reported which are
inconsistent with an insulin-like action of toldbutemide. There is no
votentiation of exogenous insulin administered to labile dlabetics,
though it is potentiated by “1igh doses of Orinase in normal and pancrea-
tectomized animals, (32, 38, 81) Sulfonylureass are without effect in
eviscerate animals, Tolbutamide does not stimulate glucose uptzke by
muscle in vitro, as insulin does, (€7, 89) The blood vyruviec and lactic
scid levels are unchanged, zni the glucose tolerance test curve ls elther
unchanged or slightly raised »y Orinase. (57, 59, 78, 85)

One group of workers favnrs the idea that the sulfonylureas sct by
irhivition of insulinase, the hormone whieh destroys insulin. (53, sk,
=5, B1) Mirsky belleves that the inhibition ig on & non-comvetitive
baste, and therefore, advises a2 great deal of cautlon in the use of the
gulfonylureas, If it were tru: that most dlabetes is the result of in~
creased destruction rether thei: dimin!shed oroduction of insulin, as
Mirgky contends, then it might be susrected that more dlabetlics, notably
Juveniles, could be alded by Orinase, and also that more adult diabetics
would have decreased circulatins insulin levels than are reported. (30)

The explanation offered by Mirsky for failure of Orinase in juvenille
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diabetics 1s that the contimied increased demands for insulln have ex-
hausted the beta-cells of th~ vancreas, sc that insulin is no longer being
vroduced, (54) While high doses of Orinase may votentiate exogenous insulin,
and there may be a prolonged hyvoglycemia with exogenous insulin nlus
Orimase in patients previous'y unreeponsive to tolbutamide, the fact re-
maing that the juvenile diabetic is not generally aided by the oral
sulfonylureas, Mirsky reports decreased insulinase ectivity of the liver

60 minutes after giving tolbutamide, but Vaughan revorts no such anti-
insulinase activity in vitro. (63, 84)

The action of Orinase wrich hae received the greatest study and which
seems to be acceviable to most workers {s thet the sulfonylureas stimulate
production and relesse of insalin by the beta-cells of the vancreas, even
though Best is of the opinion that there is no increased insulin production
or releage, (9) Since no blosd vyruvic or lactie acid level changes
occur after administration of tolbutamide, Moorhouse concludes thet either
there is no increased insulin vroduction, or that exogenous insulin
differs from endogenous insul’'n in certain vroverties, a conclusion not
without merit, (56, 85) It may be that the effect is similar to the
beta~cell stimulation caused ty carbohvdrste or vrotein ingestion, (29)
Himsworth found that repeated emsll intravenous doses of carbohydrate
caused an increased insulin sensitivity., (31) The vossibility exists thet
continued stimulation of betz-cells may lead to their exhaustion. How-
ever, Beaser revorted that after 6-10 months of theravy with Orinase,
several dilabetic patients were return2d to their orevious insulin dosage,
indicating no loss of Islet cell func:ion., (72) It has alsc been noted
that "most materlals which stimulate insulin secretion will, when given

over a veriod of time, stimulase the srowth of the Islets in the rat," (3)
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Administration of BZ55 to rats was observed to cause an increase in
Iglet size, (80) It has also been revorted thet a dimimution of beta-
cell granulation ocecurred fcllowlngs adminigtration of the sulfonyluress.
(64, 90) This finding was Intervreted as indiceting increased insulin
production. The observation that tolbutamide has no effect in vancreatec-
tomized animals coupled with the fact that jubenile diabetics generally
do not resvond is certalnly -omvatible with the idea that endogenous
vancreatic insulin must be present iIf sulfonylureas are to exert
hyvoglycemic action. (68, 79. 80, 81) It should be recalled that both
depancreatized and juvenile (iabetics generally use about 40 units of
Insulin per day, end that the vancreas of the juvenile dlabetic often
shows complete fibrosis or hyalinization of the Islets of lLangerhans.

The effects of tolbutamiie om the devosition of liver glycogen, as
mentioned earlier, are comvat’ble with the theory of an incressed
production of insulin, as are the histochemicel and histologic studies
of liver blopsies revorted In this veper. While all liver svecimens
apoeared to be within normal 2 imits, it is interesting to note that the
patient receiving toldbutamide for the shortest veriod of time, 20 days,
had the most fatty infiltratlicn and the least glycogen, while the liver
of the vatient recelving tolbusamide “or the longest vperiod of time,

113 days, had the least fatty inflltration and the most glycogen. The

iver of the patient recelving Orinase for 26 days was aprroximately
intermediate between the other two, but closer in appearance to the
liver of 20 days theravy. See Figs., 10-15.

Cne observatlion that seeme to be compatible with any of the above
suggested mechanlsms of action 3f tolbitamide is that a number of patients

who recelved a course of oral s1lfonylurea therapy had no apparent need

for inenlin after the sulfonylu‘ea was discontinued, (87, 88)




The vhenomenon which i+ noi readily understandable in the light of
any one of the hypotheses alone is that tolbutemide mey replace 30=35%
units of insulin in some vatlents, and up te 1500 units per day in others,
as seen in 8 livoatrophic diabetis,

It would seem that the sulfonylureas are capable of exerting a hypo-
glycemic effect ln more than one manner. At the opresent time, however,
the preponderance of evidenc: seems to favor the mechanism of an increased
insulin production, in all ovrcbability by the beta-cells of the Islets
of Langerhans. This and the other suggested mechanisms will be more
clearly defined only after & great dezal more work both with insulin and

the oral nyvoglycemic agenis.,



SUMMARY

1. A series of six adult dlabetic oatients renging in age from 54 to

74, with newly discovered ani long standing cases of dlabetes it presented.
The patients had previously Jeem controlled with dlet regulation and
insulin dosages of from 10 t- 35 units. All of these patients were placed
uwoon an oral sulfonylurea (O-inase) routine. Of these vatients, 5 had

had positive Orinase test recponses, while 1 had not.

2., Betwsen 1.0 and 1.25 grars of Orinase per day were required in addition

to diet regulation for adegunte control of the diabetes.

3, Liver biopsies were taken from tnree patients after 20, 26, and 113
days of Orinase therapy, respactively. All specimens showed normal

histologic and histochemical glycogen and 11pid) appearance.

4, Liver function tests were verformed on all patients. No abnormalities

attributable to Orinase ¢ould be demcnstrated.

5. No untoward side reaction: were observed in any of the patients on

Orinase therapy.



CONCLUSIONS

1. Tolbutamide 18 a sultable oral nyvoglycemic agent for selected,

adult diabetic patients.

2. Tolbutamide plus diet resulation will revlace at least 35 units of

insuliin.

3. Duration of the diabetes 1s apparently not well correlated with

success or fallure of tolbutamide theravy.

L, The oral Orinase test is not a completely accurate criterion for

prejudging the efficacy of telbutamide theravy.

5. The absence of a history of ketosis favors chances of the success-

ful uss of tolbutamide,
6. The incidence of untoward side effects is lesc than 1%.

7. Orinase does not cause abrormali:ies to appear in sclected hepatic

liver function tests,
8, Orinase does not cause abirormal histologic asppearance of the liver.

9., The content and distridbut on of Lipid and glycogen in the liver of
the patient on Orinase therapr are comparable to those of dlabetic patients

well controlled by insulin,

10, It is suggested that Orinerse acte by stimulating the beta-cells of

the pancreas,












EXPLANATION OF PHOTOMICROGRAPHS

PLATE 1

Hemat oxylin-eosin stain

It is readily seen that the tissues pictured are essentially normal.
J.¥Fe has a few more fat vacuoles than has M,B., while A.E. shows

nons., x220



PLATE 11

Best's carmine stain for glycogen

A.H. is seen to have the greatest smount of glycogen with rather
distinct granules of the material., J.F. shows the least glycogen

deposition, and M.B. has only a small amount more, The nonwstain-

ing 1ipid vacuoles (A) and irtra~nuclear vacuoles (B) are apparent.

420
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PLATE III

011 rzd O stain for livids

The greatest droplet size and concentration are seen in association
with the liver of J.Fs The _east amount of 1ipid is seen in the
vhotomicrograph of the liver specimen taken from A.H. The lipid
content of the liver of M.B. is between the other two in density,

but lies closer to that of J.¥F. X420
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FIG. 7 J.F. FIG. 8 M.B.

FIG. 9 A.H.



IG. 12 A.H.
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PLATE III

FIG. 13 J.F, FIG 14 .B.

FIG. 15 A.Ho
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