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Abstract

Noninvasive radionuclide imaging has the potential to identify and assess mechanisms involved in 

particular stages of lung injury which occur with acute respiratory distress syndrome, for example. 

Lung uptake of 99mTc-hexamethylpropyleneamine oxime (HMPAO) is reported to be partially 

dependent on the redox status of the lung tissue while 99mTc-duramycin, a new marker of cell 

injury, senses cell death via apoptosis and/or necrosis. Thus, we investigated changes in lung 

uptake of these agents in rat exposed to hyperoxia for prolonged periods, a common model of 

acute lung injury.

Methods—Male Sprague-Dawley rats were pre-exposed to either normoxia (21% O2) or 

hyperoxia (85% O2) for up to 21 days. For imaging, the rats were anesthetized, injected i.v. with 

either 99mTc-HMPAO or 99mTc-duramycin (37-74 MBq) and planar images were acquired using a 

high sensitivity modular gamma camera. Subsequently, 99mTc-macroagreggated albumin (37 

MBq, diam=10-40 μm) was injected i.v., imaged, and used to define a lung region-of-interest. The 

lung to background ratio was used as a measure of lung uptake.

Results—Hyperoxia exposure resulted in a 74% increase in 99mTc-HMPAO lung uptake, which 

peaked at 7 days and persisted for the 21 days of exposure. 99mTc-duramycin lung uptake was also 

maximal at 7 days of exposure but decreased to near control levels by 21 days. The sustained 

elevation of 99mTc-HMPAO uptake suggests ongoing changes in lung redox status whereas cell 

death appears to have subsided by 21 days.

Conclusion—These results suggest the potential use of 99mTc-HMPAO and 99mTc-duramycin 

as redox and cell-death imaging biomarkers, respectively, for in vivo identification and assessment 

of different stages of lung injury.
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Introduction

An essential and lifesaving treatment for hypoxemia in patients with pneumonia or acute 

respiratory distress syndrome is supplemental oxygen (O2) therapy. However, prolonged 

exposure to high concentrations of O2 can be toxic to the lungs (1,2,3). Although the 

mechanisms leading to pulmonary hyperoxic injury are not fully understood, there is ample 

evidence that the deleterious effects of high O2 are the result of increased reactive oxygen 

species (ROS) formation, predominantly via mitochondrial pathways (3,4).

The chronic hyperoxia rat model of lung injury mimics key functional aspects of lung O2 

toxicity observed clinically (1,2,5-7). It is a well-documented acute lung injury model, 

especially for studies of oxidant-induced lung injury (2,5,6,8,9). Studies by Crapo et al. 

provide a detailed description of histologic and morphometric changes in lungs of rats 

exposed to 85% O2 for up to 14 days (6). For the first 72 hours of exposure, signs of 

histologic and/or morphometric changes are undetectable. By 5 days, there is ∼30% loss in 

capillary endothelial cells and cell surface, infiltration of phagocytic leukocytes and other 

cell types, and an increase in the thickness of air-blood barrier. By 7 days, the lungs have 

lost half of the capillary endothelial cells, but pleural effusion and respiratory function 

impairment have substantially subsided. Capillary endothelial cells that survive 7 days 

experience significant morphometric changes including hypertrophy, with substantially less 

loss of these hypertrophied endothelial cells occurring between 7 and 14 days of exposure 

(6). These studies suggest that there may be critical biochemical changes in these 

hypertrophied capillary endothelial cells and reveal that the pulmonary capillary 

endothelium is a primary target of lung O2 toxicity.

This sensitivity of the pulmonary capillary endothelium to oxidative stress, as well as its 

large surface area and close apposition to blood-borne indicators, have led us and others to 

develop a range of probes to evaluate the effect of chronic hyperoxia on pulmonary 

endothelial mitochondrial and cytosolic redox functions (3-5, 8,10-12). The utility of these 

probes is that their pulmonary disposition, metabolism and/or redox status is altered 

following injury or adaptation to hyperoxia (5, 8,12). We have developed the use of a 

number of redox-active probes that are lipophilic and cell permeant in their reduced form, 

but when oxidized to a less membrane-permeable form become trapped in the cells or 

sequestered in subcellular organelles (5, 8,11). The disposition of these redox probes in the 

lung is dependent on the redox state of lung tissue. The redox reactions may occur on either 

the cell surface or intracellularly with an end result that the probe is delayed on its passage 

through the lung vasculature, sequestered in the lung, or both (5,8,10,11). Generally these 

experiments have relied on inflow-outflow experiments in isolated perfused lungs using 

probes that are not suitable for whole animal experiments and not available in radiolabeled 

forms suitable for scintigraphy or SPECT (single-photon emission computed tomography) 

imaging. Thus the overall goal of the present study is to investigate the use of SPECT 
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biomarker imaging in an animal model to detect and delineate particular stages of lung O2 

toxicity injury as a model of human acute lung injury.

Technetium-labeled hexamethylpropyleneamineoxime (99mTc-HMPAO) is a cerebral blood 

flow SPECT agent that crosses the blood-brain barrier and is trapped within the brain 

parenchyma (13). Clinical reports in patients with brain disorders, including psychiatric and 

movement disorders (13 -17) and stroke (18,19), have shown that HMPAO uptake is highly 

influenced by not only perfusion, but also by the nature of the lesion (20,21), suggesting its 

utility as a biomarker of cell-type specific metabolism. In addition, increases in 99mTc-

HMPAO uptake in the lung have been reported in subclinical lung injury due to 

chemotherapy (22), diffuse infiltrative lung disease (23), irradiation lung injury (24,25), and 

inhalation and smoking injuries (26-28) in humans. Of particular note is the observation that 

increases were observed in patients generally showing no abnormal opacity on chest 

radiographs or findings on pulmonary function tests (22,24,27). Thus, the development of an 

improved methodology for identifying early lung injury prior to evidence of structural 

changes or indirect measures, would be an important tool for clinicians treating critically ill 

patients.

Duramycin is a 19-amino acid peptide produced by streptoverticillium cinnamoneus. When 

labeled with 99mTc, duramycin acts as a molecular probe for phosphatidylethanolamine 

(PtdE), a constituent of the inner leaflet of the plasma membrane (29-31). Generally, PtdE 

has little presence on the surface of viable cells, but it becomes exposed with apoptosis, due 

to redistribution of phospholipids across the bilayer (29). Duramycin also becomes 

accessible to the intracellular milieu with necrosis, due to compromised plasma membrane 

integrity (29,30). Zhao et al. originally developed 99mTc-duramycin as a biomarker for 

imaging acute cell death in myocardial ischemia/reperfusion injury (30). Rat exposure to 

85% O2 has been reported to result in significant loss of endothelial cells by seven days via 

apoptosis and/or necrosis as measured by histology (6,32). Such a loss of endothelial cells is 

consistent with the significant decrease in lung angiotensin converting enzyme (ACE) 

activity, an index of perfused vascular surface area that we have measured in lungs of rats 

exposed to hyperoxia and employed as a measure of change in perfused lung surface area 

(8). One goal of the present study is to examine the potential for early detection of oxidative 

injury to the pulmonary endothelium using the apoptosis/necrosis biomarker 99mTc-

duramycin. Thus, the aims of this study are to determine the lung uptake of 99mTc-HMPAO 

and 99mTc-duramycin in the chronic hyperoxia rat model and to evaluate their potential for 

early detection of oxidative lung injury.

Materials and Methods

Animals

All procedures were approved by the Institutional Animal Care and Use Committees of the 

Zablocki Veterans Affairs Medical Center. For control animal studies, adult male Sprague-

Dawley rats (Charles River, N=14, body weight = 361.8 ± 25.4 (SD) g) were exposed to 

room air with free access to food and water. For the hyperoxic animal studies, weight-

matched rats were housed in a sealed, temperature controlled (22 ± 2 C°) Plexiglas chamber 

(13″×23″×12″) maintained at ∼85% O2, balance N2 for with free access to food and water 
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and a 12 hour light/dark cycle as previously described (5,8). Bedding, food and water were 

changed every other day and the body weight recorded. The total gas flow was ∼3.5 L/min, 

while the chamber CO2 was <0.5%. The animals were then studied after 2 (N=7), 4 (N=9), 7 

(N=9), 14 (N=7), and 21 (N=10) days of hyperoxia exposure.

Imaging

Control normoxic rats as well as those exposed to chronic hyperoxia were imaged as 

described below. The rat was anesthetized (40 – 50 mg/kg pentobarbital sodium i.p.), and 

the left femoral vein exposed and cannulated with PE-10 tubing attached to an injection 

syringe containing saline plus heparin (25 units/ml). The rat was then placed supine on an 

acrylic plate (4 mm) positioned directly on the face of a parallel-hole collimator (hole 

diameter = 2 mm, depth = 1 inch) attached to a modular miniaturized gamma camera 

(Radiation Sensors, LLC) with list mode electronics. Either 99mTc-HMPAO (Ceretec, GE 

Healthcare) or 99mTc-durmaycin (30) (37 - 74 MBq), prepared according to kit directions, 

was then injected via the cannula. The injected dose was calculated from the difference 

between the pre- and post- injection activity within the syringe using a dose calibrator. 

Dynamic planar images were acquired every second for the first minute and every minute 

thereafter for up to one hour.

Subsequently, without relocation of the animal, an injection of technetium-labeled 

macroaggregated albumin (18 - 37 MBq 99mTc-MAA, particle sizes of 10 – 40 μm, Cardinal 

Health, Wauwatosa, WI) was made via the same cannula. The 0.5 ml MAA injectate 

consisted of 2.5 mg of aggregated human albumin, 5.0 mg of human albumin, 0.06 mg of 

stannous chloride, and 1.2 mg of sodium chloride. Ninety-five percent of the 99mTc was 

bound to the MAA. Images were then obtained at 1 frame per minute for 15 minutes. 

Because more than 95% of MAA lodges in the lung in proportion to flow, 99mTc-MAA is 

used commonly as a pulmonary perfusion marker (33). However in these studies, the 

purpose of the 99mTc-MAA injection was to provide rat thorax images in which the lung 

boundaries could be clearly identified in the planar images. After imaging the animals were 

euthanized with an overdose of pentobarbital sodium.

To determine whether lung uptake of either biomarker is saturable within the amounts used 

in our study, four sequential injections of either 99mTc-HMPAO (∼37 MBq per injection) 

or 99mTc-durmaycin (∼15 MBq per injection) were administered to the same control animal, 

and subsequently imaged for 3 minutes after each injection.

Image Analysis

First, the boundaries of the lungs were manually outlined in the high-sensitivity 99mTc-

MAA images to determine a preliminary lung region of interest (ROI). Then, since HMPAO 

is taken up substantially by both the liver and the lungs, the lung ROI was truncated by 

drawing a horizontal boundary at the widest portion of the lung resulting in a lung (ROI) 

free of any liver contribution. This 99mTc-MAA lung ROI mask was then superimposed on 

the time sequence of biomarker (99mTc-HMPAO or 99mTc-durmaycin) images yielding lung 

biomarker ROIs. The resulting mean intra-operator variability in lung uptake measurements 

was 5.6%, using four repeated measurements on five different image sets. No registration 
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was required since the animal was maintained in the same location for both the biomarker 

and 99mTc-MAA imaging procedures. Background regions in the upper forelimbs were also 

identified in the biomarker images to provide a normalization factor. Time-activity curves 

depicting mean counts/sec/pixel/injected dose within the lung and forelimb-background 

ROIs were then acquired from the time sequence of biomarker images. The ratio of the lung 

and background ROI curves at each time point was calculated, and the average value over 

the 10 – 15 minute post-injection time interval was used as the measure of lung tissue uptake 

for each rat (16).

The advantage of the in vivo planar imaging approach used in this study is that the 

equipment required is now readily available and affordable and the experimental methods 

and analysis are straightforward and provide highly sensitive data. Moreover, the use of a 

subsequent injection of 99mTc-MAA to determine the lung boundaries, rather than the use of 

dual-modality imaging, is an efficient and effective approach that greatly reduces the 

amount of post-processing required. The use of 99mTc-MAA also provides a unique means 

of studying regional pulmonary perfusion in models where blood flow may be altered due to 

injury or disease. Finally, we acquired planar images throughout the time-course of the 

dynamics of 99mTc-HMPAO and 99mTc-duramycin lung uptake. Although only the steady-

state values of the time-activity curves are reported here, in future studies the complete 

curve in conjunction with a pharmacokinetic model will be used to further investigate 

mechanisms involved in hyperoxic lung injury.

Results

Figure 1 shows the mean of rat body weights at the time of imaging as a percent of pre-

exposure body weight. Weight loss was greatest at 7 days of exposure to 85% O2, after 

which the animals began to gain weight. At 21 days of exposure, body weight was 

significantly higher than at 7 days.

A typical planar image of 99mTc-HMPAO distribution acquired ten minutes post-injection is 

shown in figure 2 (panel A.). Figure 2 (panel B.) is an image from the same animal 

following the 99mTc-MAA injection, where lung activity is sufficiently high for reliable 

identification of the lung boundaries. As described above, the lung ROI from the MAA 

image was superimposed on the corresponding 99mTc-HMPAO image, background ROIs 

and lung-only ROIs were drawn, and mean background and lung activity was determined.

The time-sequence of images acquired during repeated injections of either 99mTc-HMPAO 

or 99mTc-duramycin were analyzed by positioning ROIs over the upper lung and forelimb 

background regions and computing the difference between the mean lung and background 

signal at the end of each three minute acquisition. Lung minus background activity of 

both 99mTc-HMPAO and 99mTc-duramycin increased linearly following repeated injections 

in a control rat (figure 3). This linear response indicates that lung uptake of either agent is 

not saturating and also that incoming photons are not saturating the detection camera and/or 

electronics. The linearity is consistent with the lung-to-background ratio being a constant 

value independent of dose, so that differences in administered 99mTc-HMPAO or 99mTc-

duramycin dose between animals should have no significant effect on the lung-to-
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background measure of uptake. Lack of saturation with each biomarker within the dose 

range studied is important for future experiments where it will be possible to increase the 

activity of each injection if necessary for adequate sensitivity and count statistics and 

suggests that when investigating acute responses to lung manipulations, an individual rat 

may serve as its own control with repeated injections. Furthermore, the protocol could be 

modified to include an initial injection of 99mTc-HMPAO followed by a subsequent 

injection of 99mTc-duramycin after waiting a sufficient amount of time for 99mTc-HMPAO 

in the lung to reach steady state, i.e., ∼15 minutes.

Figure 4 (top) shows typical 99mTc-HMPAO (panel A.) and 99mTc-duramycin (panel B.) 

lung and background time-activity curves obtained from images of control rats. For each 

biomarker, the first ∼20 seconds depict initial passage and distribution of the agent in the 

lung. Figure 4 (bottom) depicts the ratio of the lung-to-background curves, i.e. lung uptake, 

at each time point for the data in figure 4 (top).

Representative images from a control (left) and 7-day hyperoxic (right) rat imaged 

with 99mTc-HMPAO (top) and 99mTc-duramycin (bottom) are shown in figure 5. Increased 

uptake of both agents can be observed in the hyperoxic rats. Summary results of lung uptake 

for 99mTc-HMPAO or 99mTc-duramycin for each hyperoxia treatment group as a function of 

the duration of hyperoxia exposure (number of days) is given in Table 1. Figure 6 shows 

lung uptake plotted as the percent change from control as a function of the number days of 

exposure. Lung uptake of both 99mTc-HMPAO and 99mTc-duramycin increased 

significantly up to day 7 of hyperoxia (74% and 51% respectively). Thereafter 99mTc-

HMPAO uptake leveled off while 99mTc-duramycin accumulation decreased and reached its 

pre-exposure value by 21 days. These differences in lung uptake of 99mTc-HMPAO 

and 99mTc-duramycin during the course of hyperoxic lung injury may suggest cellular 

mechanisms involved in both initial injury and subsequent accommodation to the injury.

Discussion

Although, there is a vast literature on histological and biochemical changes with hyperoxia 

lung injury (3,4,6,8), this is the first study to evaluate the progression of such lung injury in 

the hyperoxic rat model using noninvasive in vivo imaging of 99mTc-HMPAO or 99mTc-

duramycin distribution. The hyperoxia-induced increase in 99mTc-HMPAO lung uptake 

measured here is consistent with previous results which also demonstrate an increase 

in 99mTc-HMPAO uptake in response to pulmonary oxidative stress (oxidant injury), 

including irradiation lung injury (22,25), inhalation injury (26,27) and cigarette smoking 

(28). Moreover, this is the first study to report on the pulmonary uptake of 99mTc-duramycin 

in an animal model of disease or injury. The observed changes in its uptake in this hyperoxia 

model suggest its potential utility as an in vivo marker of lung cell death.

Rat exposure to chronic hyperoxia resulted in increased lung uptake of both 99mTc-HMPAO 

and 99mTc-duramycin, however and most importantly, the time course of the increase was 

different for the two agents. 99mTc-HMPAO uptake in the lung reached a maximum by day 

7 and remained elevated out to day 21. 99mTc-duramycin uptake also reached a maximum 

value at day 7 but then decreased at day 14 and returned to a near control level by day 21. 
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These results are consistent with the extensive evidence that 85% O2 hyperoxic injury 

involves an early inflammatory phase (<7 days of exposure) characterized by significant loss 

of capillary endothelial cells, followed by a subsequent adaptation period (6). Thus, the 

pattern of uptake of these two biomarkers has the potential to identify the inflammatory 

phase of the injury and to provide information on biochemical and structural changes 

occurring within the lung over the time of exposure to high O2 levels.

The mechanisms that determine the lung tissue uptake of HMPAO are still not fully 

understood (14,19,21,34,35). HMPAO exists in two forms, lipophilic and hydrophilic. The 

more membrane permeable lipo- form readily diffuses into cells where it either is 

sequestered in the cell by conversion to the hydro- nondiffusible form or diffuses back out to 

the vasculature region. The relative importance of each of these processes to lung tissue 

uptake of HMPAO remains an open question. Jacquier-Sarlin et al. examined HMPAO 

retention in several brain cell lines (35). They showed using d,l-buthionine-sulfoximine 

(BSO) and N-acethyl cysteine (NAC), chemical agents which decrease or increase, 

respectively, glutathione content, that the cellular uptake of HMPAO was dependent in part 

on intracellular glutathione (GSH) content and thus cell redox status (35). Our previous 

study demonstrated that rat exposure to 85% O2 for 7 days does increase total glutathione 

content (8). There is also evidence that mitochondrial damage, by reducing metabolic 

activity, may influence cellular uptake of HMPAO (14,23,34). Our previous studies have 

also demonstrated a decrease in mitochondrial complex I activity, and an increase in 

mitochondrial complex III and IV activity with hyperoxia exposure (5,8). In addition, 

studies in brain and muscle cells suggest that the extracellular environment, by modifying 

the amount of lipophilic HMPAO available to lung cells either by systemic uptake or 

conversion of the lipo- to the hydro- form of HMPAO extracellularly, may influence 

HMPAO cellular uptake (14, 35,-37).

Another factor that must be recognized when interpreting changes in lung uptake of 

HMPAO in this hyperoxia model is the significant loss of endothelial cells over the time of 

exposure, i.e. capillary surface area is decreased to ∼50% and 60% of the control value at 7 

and 14 days of exposure, respectively (6). Although our results cannot determine the type of 

cells that account for the lung tissue uptake of HMPAO, the pulmonary capillary 

endothelium with its large surface area and direct contact with the blood must certainly play 

a key role in HMPAO uptake. In addition, imaging measures of uptake are dependent on 

both the number of cells that take up HMPAO as well as the amount of HMPAO retained 

within the cell. Thus at 7 days of exposure for example, given the ∼75% increase in 

HMPAO lung uptake reported here, and a ∼50% decrease in capillary surface, it appears 

that cellular uptake of HMPAO increased by a factor of 3.5 compared to control lungs.

Duramycin binds the head group of PtdE with high affinity at a molar ratio f 1:1. PtdE is 

available for binding in apoptotic cells because of externalization and in necrotic cells when 

the plasma membrane is compromised (29,31). Using cultured lymphocytes, Zhao et al. 

demonstrated a 32 times greater uptake of duramycin in apoptotic cells as compared to 

control cells (30). Previous biodistribution studies in the rat showed small but measurable 

uptake of duramycin in the lungs of healthy control animals (30) which is consistent with the 

data presented here. Duramycin uptake in lungs of hyperoxic rats increased out to 7 days of 
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hyperoxia exposure similar to HMPAO. However, in contrast to HMPAO, duramycin 

uptake then decreased and was the same as that measured in control animals by 21 days of 

exposure. In vivo lung uptake of duramycin reported in this study likely reflects overall cell 

death (32). In fact, the time course of increased duramycin uptake during the hyperoxic lung 

injury observed here (figure 5) appears to parallel the rate of loss of endothelial cells 

reported previously by Crapo (9) as well as the loss of body weight of the animals in this 

study (figure 1). Our proposed interpretation of the above results is that out to 7 days both 

HMPAO and duramycin lung uptake in hyperoxic rats increase due to increases in the redox 

status and apoptosis/necrosis respectively. After seven days the redox status remains high 

due the continued high O2 exposure (high HMPAO uptake) while apoptosis/necrosis and the 

rate of endothelial cell loss decrease (low duramycin uptake). In essence, imaging with these 

two agents has the potential to distinguish both the extent and different stages of the lung 

injury.

In this study we opted to use in vivo planar imaging with a single modular gamma camera. 

The advantage of this approach over full 3D SPECT is that the equipment required is readily 

available and affordable and the experimental methods and analysis are straightforward. 

Moreover, hyperoxic lung injury is thought to be a relatively homogeneous injury 

throughout the lung so that SPECT would not be expected to provide any additional 

information about total HMPAO or duramycin retention within the lung. Nonetheless, future 

studies utilizing 3-dimensional SPECT will facilitate delineation of the entire lung without 

concern for liver contribution as well as regional analysis within the lung.

Conclusion

In this study the effect of hyperoxia on the lung uptake of radiolabeled HMPAO and 

duramycin was evaluated in vivo. The results suggest that the pattern of the change in 

biomarker uptake could be useful for differentiating the early inflammatory phase from the 

subsequent adapted phase of this lung injury model. This delineation is important because 

patients requiring high O2 come with differing tolerances of hyperoxia based upon genetics, 

pre-conditioning, or other factors; real-time information that would permit clinicians to 

determine which patients are developing O2 toxicity or tolerance could be of significant 

value (38). In conclusion, the results of this study demonstrate substantial uptake of these 

agents in both normal and injured lung tissue, suggesting their potential clinical utility as 

pulmonary injury biomarkers, and suggests an approach for evaluating the utility of other 

SPECT biomarkers for assessing lung injury.
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Figure 1. 
Rat body weight at time of imaging study as a percent of pre-exposure body weight. Values 

are mean ± SE. *Significantly different from control (normoxia), p < 0.05; † Significantly 

different from 7-days, p < 0.05.
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Figure 2. 
Planar images of 99mTc-HMPAO (panel A.) and 99mTc-MAA (panel B.) distribution in a 

control rat. A lung region-of-interest (ROI) is determined in the MAA image and used to 

identify a lung ROI in the HMPAO image. Background (BG) regions are identified for 

subsequent calculation of the lung-to-background ratio. Lung region above the horizontal 

boundary of the ROI is free of any liver contribution. Color indicates counts/sec/pixel/mCi 

injected.
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Figure 3. 
Lung (corrected for background) activity measured from images obtained following 

repeated biomarker injections ∼3 minutes apart in control rats. Panel A: ∼37 MBq 

injections of 99mTc-HMPAO, N = 2, r2= 0.99. Panel B: ∼15 MBq injections of 99mTc-

duramycin, N = 1.

Clough et al. Page 13

J Nucl Med. Author manuscript; available in PMC 2015 April 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
Top: Representative time-activity curves acquired from lung (circles) and background 

(triangles, upper forelimb) regions of 99mTc-HMPAO (panel A.) and 99mTc-duramycin 

(panel B.) planar images of control rats. Bottom: 99mTc-HMPAO (panel C.) and 99mTc-

duramycin (panel D.) lung uptake calculated as the lung-to-background ratio for data in the 

top panels.
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Figure 5. 
Planar images of a representative 99mTc-HMPAO (top) and 99mTc-duramycin (bottom) 

distribution in rats. Images were obtained from control (left, normoxia) and 7-days 

hyperoxic (right) rats. Lung boundaries were identified using a corresponding 99mTc-MAA 

image. Lung region above the horizontal boundary of the ROI is free of any liver 

contribution.
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Figure 6. 
Percent increase from control (normoxia) in 99mTc-HMPAO (circles) and 99mTc-duramycin 

(DU, squares) lung uptake in rats exposed to 85% O2 for up to 21 days. Values are means ± 

SE. *Significantly different from control, p < 0.05.
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