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In a previous study (1) the exudate pH of 
the inflammatory response in nonspecific 
skin lesions of normal rabbits was determined 
over a period of 4 days. Acildosis was demon- 
strated at  the site of injury while the blood 
pH remained unaltered. A correlation be- 
tween the increased H-ion concentration in 
the wounid and the attending inflammatory 
cell response was not apparent. The present 
experiment was designed to study the ex- 
udate pH and the development of the inflam- 
matory cell response in nonspecific skin 
lesions of rabbits with acute alloxan diabetes 
and acidosis. 

Materials and Methods. Animals. Male 
New Zealand white rabbits weighing from 
1575 to 2400 g, housed in air-conditioned 
quarters, were fed standard chow and water 
ad libitum. Intravenous pentobarbital was 
used for anesthesia a t  the time of chamber 
placement and a,t sacrifice. 

Alloxan diabetes. Alloxan diabetes was pro- 
duced in the same manner as previously de- 
tailed ( 2 )  giving 201) mg/kg alloxan in- 
travenously. The development of the metabo- 
lic abnormality was followed by repeated test- 
ing of the blood and urine for glucose and of 
serum and urine for ketones2 The results 
were recorded as: normal or elevated for 
blood glucose, negative or positive for glu- 
cosuria and negative, small, moderate or large 
for ketones. 

Chamber. A 0.2 ml capacity plastic cham- 
ber was adhered with isobutyl 2-cyanoacry- 
late3 over a wound produced by excision of a 

1 Supported by US. Public Health Service Grant 
AM-04593-13 from the Department of Health, Edu- 
cation and Welfare. 

Dextrostix, Clinistik and Acetest, Ames Com- 
pany, Elkhart, IN. 

3 Supplied by Ethicon, Inc., Sommerville, N J. 

skin plug, Bleeding was controlled by 
cauterization. The chamber was filled with 
precision phosphate buffer (pH 7.381 t 
0.005 at  38°)4 as used in Expt. B of the 
previous study (1). 

pH determinations. The exudate and mar- 
ginal ear vein blood from unanesthetized ani- 
mals were collected in heparinized capillary 
itubes and the pH was determined with the 
microelectrode of a pH All blood and 
over half of the exudate pH determinations 
were done at  least in duplicate. After deter- 
mination of ithe pH of each blood or exudate 
sample the pH meter was tested with the 
standard precision buffers. 

Histologic procedures. Fixation, staining 
and histologic study of the skin wounds ex- 
cised at sacrifice were as previously described 
( 3 ) .  A semiquantitative evaluation on a 
scale of 0 to 4+ of the overall intensity of 
inflammatory cell response, cellular exuda- 
tion, anid repair and regeneration was made 
for each lesion. 

Experiment. Alloxan was administered af- 
ter a base line blood pH and glucose determi- 
nation and subsequently the animals were 
monitored for glucosuria and ketonuria. After 
appearance of glucosuria chambers were 
placed. Determinations of pH, glucose and 
ketones in exudate and blood were made at  
either 3 ,  6, 24, 48 or 72  hr from a total of 30 
unanesthetized rabbi'ts with ketosis of at least 
several hours duration. Subsequently the an- 
imals were sacrificed and the lesions were 
excised for histologic study. The 24 animals 
of Expt. B in the previous study ( l ) ,  exam- 

4 Precision buffer type S1.510, Radiom'eter, Copen- 
hagen, The London Company, Cleveland, OH. 

5 Radiometer Astrup pH meter PHM27 and ul- 
tramicro pH electrode E5021, The London Com- 
pany, Cleveland, OH. 
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ined over 96 hr and treated in a similar 
manner as those in the present experiment 
except for administration of alloxan, served 
as controls. 

animals appeared healthy with normal blood 
glucose levels and a base line blood pH rang- 

ing from 7.287 to 7.450 with a mean of 7.375 
(4) .  After alloxan the rabbits developed hy- 
perglycemia and glucosuria within 24 to 48 
hr followed shortly by ketonuria. Concomi- 

Results. Before alloxan administration the tantly the animals’ health deteriorated so 
that long-term survival with untreated ketosis 
was not obtained. All animals studied a t  3 

FIG. 1. Terminal blood and exudate pH values and ketone levels for each rabbit (identified by 
number). Mean (lines) and 95% CL (shaded area) of pH values from control and acidotic dia- 
betic animals. 
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and 6 hr and 5 studied at  24 hr showed 
ketonuria both at the time of chamber place- 
ment and at  exudate collecbion. Two animals 
a t  24 hr and all studied at later times showed 
no ketonuria at  the ,time of chamber place- 
ment but urinary ketones were demonstrated 
prior to exudate collection. 

In the acidotic diabetic rabbits the termi- 
nal blood pH values showed a wide range. 
Most determinations revealed definite acido- 
sis (Fig. 1) but in seven animals the blood 
pH values were within the base line range. 
The exudates (Fig. 1 )  also showed in most 
instanices a local acidosis which was greater 
in the metabolically altered rabbits than that 
found in the controls. In general a correla- 
tion existed between the H-ion concentration 
in blood and exudate. The duration and 
severity 04 the ketonuria correlated well with 

4+ 1 

the degree of acidosis in blood and exudate 
and the sickest appearing animals had the 
lowest pH values. 

The inflammatory response in the wounds 
of the acidotic dialbetic rabbits showed a 
marked and distinct decrease of the overall 
intensity of granulocytic margination, di- 
apedesis and infiltration at  3 and 6 hr (Figs. 
2 and 3 ) .  Reparative processes, namely fibro- 
blastic and endothelial proliferation and ep- 
ithelial regeneration were also affected but to 
a lesser degree and appeared delayed in time 
of onset and decreased in intensity. Many of 
the neutrophils in the lesions displayed even 
at  the earliest times nuclear pyknosis and 
karyorrhexis. At 24 hr cellular margination 
and diapedesis were present to a degree simi- 
lar to that of earlier times. A t  the later times 
exudation had subsided and the proliderative 
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FIG. 2 .  Average histologic grade (scale of o to 4+)  of overall intensity of inlflammatory cell re- 
sponse, exudation (leukocytic margination and diapedesis), and repair and regeneration in skin 
lesions. 
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Fig. 3. Inflammatory cell infiltration a t  6 hr: pro- 
nounced in control, lef t ;  virtually absent in acidotic 
diabetic rabbit, right. Giemsa, X 150. 

and reparative processes were present. 
In the metabolically normal controls (1) 

the pH of the exudate from the wound de- 
creased with time and was lowest a t  72 hr. 
The blood pH was unchanged during the 
course of the experiment. The inflammatory 
reaction in the wounds displayed the usual 
time of onset, intensity, duration and se- 
quences of the exudative and proliferative 
cellular responses reflecting a sterile physical 
injury of brief duration. 

Discussion. Multiple pH determinations 
from single samples of blood and exudate 

p !! O2O01 0.100 n 

yielded closely corresponding values. The 
normal range of the blood pH was established 
by the base line determinations. In the ac- 
idotic diabetic rabbits the terminal blood pH 
values had a wide range and correlated well 
with the results of the terminal serum ketone 
determinatioas. Ketonuria served as a useful 
indicator to the level of the blood pH. 

Significant acidosis of both blood and ex- 
udate was present in most of the alloxan- 
treated animals. At 6 hr blood acidosis was 
accentuated markedly in the acidotic diabetic 
animals and a similar but less marked lower- 
ing of the blood pH was also present a t  the 
same time in the controls (Fig. 1). This 
finding probably relates to the effects of anes- 
thesia administered at the time of chamber 
placement. At  the other times the blood H- 
ion concentration in the acidotic diabetic rab- 
bits a1 though significantly increased was less 
severely altered and the average values were 
similar to each other. 

A local acidosis developed in the wounds of 
both acidotic diabetic and normal animals. 
With severe acidosis the blood and exudate 
pH values were generally similar. This direct 
relationship between blood and exudate pH 
was not usually seen in ainmals with mild 
degrees of acidosis where the inflammatory 
cell response and local acidosis resembled 
that seen in the normal animals. Determina- 
tion of the average pH difference between 
blood and exudate showed a less marked diff- 
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FIG. 4. .4verage differences between blood and exudate p H  in control and acidotic diabetic ani- 
mals. 
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erence in the acidotic diabetic rabbits than in 
the controls (Fig. 4 ) .  However, a parallel 
time course olf changes was present in both 
groups. 

The present findings confirmed earlier ex- 
perimental and clinical observations (5-7) of 
an impairment of the acute inflammatory re- 
sponse in diabetic acidosis. The inflammatory 
cell response in the acidotic diabetic animals 
was delayed in onset and decreased in inten- 
sity when compared to that in normal con- 
trols. The less marked differences in inflam- 
matory cell response between experimental 
and control animals at the later times proba- 
bly reflected the absence of ketosis in the 
diabetic animals a t  the time of chamber place- 
men t. 

The piresent data suggest thalt the exudate 
pH correlates with the intensity of the 
inflammatory cell response in the lesions. If 
the neutrophils of the inflammatory exudate 
are a source of the local iacrease of H-ion 
concentration then the decreased difference 
between blood and exudate pH in the acidot- 
ic diabetic animals might relate !to the de- 
creased inflammatory cell response od the dia- 
betic animals. 

Summary. The pH of inflammatory ex- 
udates collected at  various times from cham- 
bers adhered over skin wounds of rabbits 
with acute alloxan diabetes and acidosis was 
determined. The H-ion concentrations of 
blood and exudate were compared with each 
other and with the inflammatory cell respon- 
ses of the lesions. A local acidosis, indicated 
by low exudate pH, was presenlt in all lesions. 

Significant local acidosis, similar to that ob- 
served in the lesions of normal rabbits, was 
present in the wounds of animals with lesser 
degrees of blood acidosis. Protracted severe 
blood acidosis was associated with similar low 
pH values in blood and exudates. The acute 
inflammatory cell response was delayed in 
onset and decreased in intensity in the severe- 
ly acidoltic diabetic animaIs. In these the 
presence of a markedly decreased amte 
inflammatory cell response and of a relatively 
less marked decrease of exudate pH suggest 
a possible relationship between the intensity 
of the acute inflammatory cell response and 
the H-ion Concentration at the site of injury. 
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