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BBAALL  fflluuiidd  LLDDHH  aaccttiivviittyy  aanndd  LLDDHH  iissooeennzzyymmee  ppaatttteerrnn  iinn  lliippooiidd  ppnneeuu--
mmoonniiaa  ccaauusseedd  bbyy  aann  iinnttrraavveennoouuss  iinnjjeeccttiioonn  ooff  llaammpp  ooiill
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ABSTRACT: A 30 year old man developed lipoid pneumonia after an injection of
lamp oil. 

In addition to ""foamy"" alveolar macrophages, bronchoalveolar lavage (BAL)
fluid analysis showed an increased number of neutrophils. Moreover, lactate dehy-
drogenase (LDH) and alkaline phosphatase activities were elevated. The increase
seen in LDH activity both in serum and BAL fluid was accompanied by shifts in
the isoenzyme pattern in similar directions for both fluids. These findings suggest
a pulmonary source for the temporary serum as well as BAL fluid LDH increase. 

This case indicates the usefulness of bronchoalveolar lavage fluid analysis as a
probe to detect pulmonary injury caused by a pneumotoxicant and, probably, to
monitor recovery or deterioration.
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Case report

A 30 year old man was transferred to our hospital
from a local hospital. Eight hours before admission he
had attempted suicide by injecting 10 mL of lamp oil
(liquid paraffin) into a vein in his left elbow. On admis-
sion, no abnormalities were found. Over the following
hours, the patient's respiratory condition deteriorated
requiring mechanical ventilation.

Chest radiography revealed a diffuse reticulonodular
infiltrative process. A bronchoalveolar lavage (BAL) was
performed 2 days after admission. Simultaneously, blood
samples were taken. No bacteria were seen on Gram-
stained preparations and culture of BAL fluid remained
sterile. Further analysis of the BAL fluid revealed an
increased number of cells (32×104 cells·L-1; reference
value for nonsmokers 10.3±1.5×104 cells·L-1), predom-
inantly polymorphonuclear neutrophils (52%; reference
value for nonsmokers 1.3±0.2%) [1]. 

Cell-free supernatant from BAL fluid as well as serum
were assayed for lactate dehydrogenase (LDH) and alka-
line phosphatase activities. Additionally, protein and al-
bumin contents were determined in cell-free BAL fluid
and serum. In serum, the total protein and albumin lev-
els were decreased (table 1). LDH activity was increased
in serum to 795 U·L-1 (reference range 200–450 U·L-1)
[2, 3], as well as in BAL fluid (115 U·L-1; reference
range 20–59 U·L-1) (table 1). Alkaline phosphatase activ-
ity in BAL fluid was high (145 U·L-1; reference range
0–25 U·L-1), whereas in serum it was within normal lim-
its (table 1). At this moment, all other laboratory tests
including liver function tests were normal. Moreover,
on cytocentrifuged preparations of the BAL fluid stained
with May-Grünwald-Giemsa (MGG; Merck, Darmstadt,
Germany) numerous lipid-laden, "foamy" alveolar macro-
phages were seen.

The diagnosis lipoid pneumonia was based on the
clinical picture and the cytological analysis of BAL fluid.
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Table 1.  –  Biochemical characteristics of the case presented

albumin LDH LDH-1 LDH-2 LDH-3 LDH-4 LDH-5 AP
g·L-1 U·L-1 % % % % % U·L-1

Serum* 19.9 795 9 27 22 14 28 108
Reference value  range+ 35–55 200–450 19–30 32–48 12–22 4–11 5–13 30–125

BAL fluid 0.082 115 3 10 20 32 34 145
Reference value  range 0.065–0.080 20–59 8–35 15–30 22–33 14–27 6–14 0–25
mean±SEM‡ 0.071±0.009 28±5 17±3 23±2 29±1 20±2 10±1 9±3

Lung tissue
reference value§ 10 20 30 25 15

Fluid/serum ratio 4.1×10-3 0.15 0.38 0.38 0.92 2.38 1.18 1.34

*:  value at the time that BAL was performed;  +:  adapted from [2];  ‡:  normal values of nonsmokers, adapted from DRENT et
al. [1];  §:  adapted from LOTT and NEMESZANSKY [3].  LDH:  lactate dehydrogenase;  AP:  alkaline phosphatase;  BAL:  broncho-
alveolar lavage.
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The patient was treated by supportive measures. By the
time the patient's clinical condition had improved, the
LDH activity in serum had gradually decreased and,
finally, returned to normal. One month after admission,
control chest radiography and high resolution computed
tomography (HRCT) showed no signs of the earlier ab-
normalities, and all pulmonary function tests were nor-
mal.

Discussion

Lipoid pneumonia is a disorder caused mainly by
inhalation or aspiration of liquid paraffin (mineral oil)
or related hydrocarbon compounds [4–10]. A reliable
diagnosis may be achieved by BAL fluid analysis and,
more importantly, BAL avoids more invasive diagnos-
tic procedures, such as lung surgical biopsies, for these
often critically ill patients [7, 8]. Generally, this disor-
der does not require medical intervention. Although ani-
mal studies report the development of pulmonary damage
following an intravenous injection of such pneumotox-
icants [11], less is known about the effect of intravenous
injection of paraffin in humans. Few case reports describ-
ing pulmonary damage after such injection were found
[12, 13]. As far as we know, this is the first human
report describing LDH activity and LDH isoenzyme pat-
tern in lipoid pneumonia.

Paraffins are noncorrosive, but may interact with pul-
monary surfactant, which probably causes the damage
to the alveolar walls [7, 10]. Therefore, the alveolar/blood
barrier is also damaged. Cellular enzymes in the extra-
celluar space, although of no further metabolic function,
are still of benefit because they serve as indicators of
disturbances of the cellular integrity induced by patho-
logical conditions [11, 14, 15]. LDH is a cytoplasmic
enzyme present in essentially all major organ systems,
whose extracelluar appearance is used to detect cell dam-
age or cell death. Due to its extraordinarily widespread
distribution in the body, serum LDH is abnormal in a
host of disorders [3, 16]. Although the increase in total
serum LDH activity is rather nonspecific, measurements
of LDH activity in serum, pleural effusion, and, more
recently, in BAL fluid have been reported to be valu-
able tools for investigating lung and pulmonary endothe-
lial cell injury [17–24]. 

Elevations in lung tissue LDH activity and serum
activity have been noted in many cases following expo-
sure to pneumotoxicants, as well as other pathological
conditions. This has been thought to be due to the influx
of inflammatory cells [4, 17, 23]. Therefore, there can
be leakage of LDH from the pulmonary interstitium to
the blood. Because the ratio of LDH activity to albu-
min was much higher in the BAL fluid than in the serum,
the increased LDH in BAL fluid cannot be due to sim-
ple leakage of serum into the alveolar space [18]. 

Remarkably, the increase in LDH activity both in
serum and in BAL fluid was accompanied by shifts in
the isoenzyme pattern in similar directions for both
fluids. That is, there were major increases in the LDH-5
activity in both cases, some increase in LDH-4 activity,
and decreases in LDH-1 and LDH-2 activity, respec-
tively. Some increased LDH activity in the serum caus-
ed by this toxicant agent may come from damage to

other organs, as pathological lesions of the spleen, liver,
lymph nodes and bone marrow are reported, in addition
to the lung [8, 10]. However, the fact that the shift in
pattern of the LDH isoenzymes in serum (increases in
percentage of LDH-4 and especially LDH-5 activity,
decreases in percentage of LDH-1 and LDH-2 activity)
resembles that in the BAL fluid, suggests that the lung
was the major source of the serum LDH. 

The source of the LDH activity from the lung may be
inflammatory cells, such as the alveolar macrophage, for
which the most prominent LDH isoform is the LDH-5
isoenzyme [11, 14, 25]. In fact, it is tempting to hypo-
thesize that alveolar macrophages would be rapidly
recruited to rid the lung of the lipid, and the elevated
LDH-5 activity both in the BAL fluid and the serum is
due to the rapid turnover (death) of alveolar macro-
phages in their clean-up efforts [25]. Since the alveolar
macrophages cannot metabolize the chemically inert,
nonsaponifiable oil, they disintegrate after some time
and liberate the intracellular oil into the alveoli, a tar-
get for a new generation of alveolar macrophages [7,
25]. When the mucociliarly transport becomes depressed,
a vicious circle may be set up, which accounts for the
possible chronicity of this disease and the development
of interstitial fibrosis [7].

SCHULTZE et al. [11] reported that an intravenous injec-
tion of a small dose of monocrotaline pyrrole (MCTP),
a putative, toxic metabolite of monocrotaline, selectiv-
ely caused delayed and progressive lung injury, whilst
sparing other organs [11]. The increase in total LDH
activity in cell-free BAL fluid was due to increased
LDH-4 and LDH-5. Presuming that lung tissue values
are comparable with BAL fluid levels (and normal val-
ues of the LDH-isoenzyme pattern in BAL fluid in
humans are not yet available due to technical problems)
the values for LDH-isoenzyme activity pattern in lung
tissue are presented in table 1 [3, 11]. The changes in-
duced in the LDH-isoenzyme pattern suggest that the
increased LDH activity of cell-free BAL fluid arose
from lung tissue. The isoenzyme pattern of pulmonary
endothelial cells was consistent with a contribution of
pulmonary endothelium injured by MCTP. Inflamma-
tory cells in the lungs and leakage of plasma into the
air spaces may have made a small contribution to cell-
free BAL fluid LDH activity, but these sources alone
cannot explain the alterations in LDH isoenzyme pat-
tern that occurred in cell-free BAL fluid after treatment
of rats with MCTP. In the case presented, the increased
LDH activity in serum as well as in BAL fluid is indi-
cative of pulmonary inflammation. Moreover, clinical
improvement, with a regression of the inflammatory
reaction, was related to a gradually decrease of the LDH
activity in serum (data not shown).

It is tempting to speculate that the proliferation of
type II pneumocytes or bronchial epithelial cells might
participate in the remodelling process of the lung [14,
23, 26, 27]. The high alkaline phosphatase activity in
this case is in agreement with this hypothesis. Namely,
alkaline phosphatase activity has been observed histo-
chemically in type II pneumocytes which have been
shown to proliferate following exposure to pulmonary
toxicants and to replace the damaged type I pneumo-
cytes [14, 23, 26]. Therefore, increases in alkaline phos-
phatase levels in BAL were noted as a marker of type II



cell damage and/or proliferation [14, 26]. It is well-
known that the type II pneumocyte is important in the
repair of alveolar epithelium after injury, and responds
to oxidant stress (such as hyperoxia) [14, 22, 26, 27].
It was suggested that adaptive responses to oxidant injury
occur in type II pneumocytes after exposure to minerals.

In conclusion, in this patient, there was no clinical or
laboratory evidence to indicate hepatic, myocardial, or
apparent source other than the lungs for the temporary
elevation in serum and bronchoalveolar lavage fluid lac-
tate dehydrogenase (especially LDH-4 and LDH-5) activ-
ity. Furthermore, in agreement with previously reported
animal studies, this case indicates the usefulness of lac-
tate dehydrogenase and alkaline phosphatase analysis in
bronchoalveolar lavage fluid as a probe to detect inflam-
matory pulmonary injury causing cell damage due to a
pneumotoxicant, and also to monitor repair and recovery
in humans. Future studies are needed to clarify the pos-
sible relationship between lactate dehydrogenase and
alkaline phosphatase activity and outcome in patients
suffering from inflammatory lung diseases, as well as
their role in follow-up regarding prognosis and evalua-
tion of medical treatment.
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