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ABSTRACT 

Lysyl oxidase (LOX) is the enzyme that mediates cross-linking between collagen and elastin 

molecules during cardiac remodeling, LOX expression and activity is upregulated in response to 

the mechanical stresses that occur during hypertension.  The aim of this study was to investigate 

the role of lysyl oxidase (LOX) changes in cardiac structure and mechanical function during 

angiotensin II (AngII) induced hypertension. C57 male mice were given the LOX suicide 

substrate: β-aminoproprionitrile (BAPN) in their drinking water (300mg/kg/d). On day 14 of 

BAPN treatment an osmotic pump of AngII (490ng/kg/hr) was implanted. Weekly echo 

measurements were gathered. 28 days after pump implantation cardiac tissue was harvested for 

various assays including, LOX enzymatic activity, hydroxyproline quantification, and 

histological analysis.  AngII treated groups showed an increase LOX protein expression, LOX 

activity, collagen cross-linking, and total collagen content while ECHO results showed an up-

regulation aortic velocity time integral (AoVTI) and LV mass and down regulation of E/E-A 

VTI. When BAPN was co administered with AngII there was an attenuation seen in all these 

areas.  While AngII+BAPN treated mice showed a return of these parameters to normal control 

levels. These results provide evidence that Angiotensin II-Induced hypertension causes the 

overexpression of LOX.  LOX’s overstimulation has a major influence in the cardiac structure 

and function. Conversely both the structural and mechanical changes can be extenuated with 

administration of the LOX suicide substrate BAPN.  
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INTRODUCTION 

Hypertension: 

As of 2008 the Center for Disease Control reported that 33% of adults in the US suffered 

from hypertension (HTN).  There is a general consensus that HTN is attributable to alteration in 

renal function, perturbations in the renin-angiotensin system and sodium balance, increased 

sympathetic tone, and/or vascular dysfunctions. Although countless hypertensive medications, 

many that regulate the aforementioned pathways, only 48% of patients being treated have their 

HTN controlled (Roger et al 2011). This is likely because the underlying pathophysiology behind 

90% of diagnosed hypertensive patients has not known. Therefore current research into the 

inhibition of the structural and functional cardiac changes that occur during hypertension through 

novel targets offers potentials for therapeutic development and a broader understanding of the 

mechanisms behind hypertension. 

Cardiac Extracellular Matrix  

The ECM is a complex network consisting of structural and adhesive proteins such as 

collagen and fibronectin, elastin, proteoglycans, growth factors, cytokines, proteases, 

microfibrillar proteins, and fibronectin (Kania, Blyszczuk, and Eriksson). The remodeling of the 

cardiovascular extracellular matrix (ECM) is controlled by cardiac fibroblasts (Chan, Hinz, and 

McCulloch;Kania, Blyszczuk, and Eriksson).  Fibroblasts respond to electrical and chemical 

signals as well as mechanical insult and cause activation of various signal transduction pathways 

which can result in changes in gene expression, enzyme activity, and release of factors. Just a 

few factors that cardiac fibroblasts release are endothelin-1, angiotensin II, and tumor necrosis 

factor, which all have a variety of influences on the cardiac ECM (Chan, Hinz, and 

McCulloch;Goldsmith and Borg;MacKenna, Summerour, and Villarreal).  Cardiac fibroblasts 

play a central role in the maintenance of extracellular matrix in the normal heart, as mediators of 

fibrotic remodeling in response to a variety of stimuli such as injury and failing heart (Brown et 

al.) 
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Collagen and Crosslinking: 

Collagen is the most abundant naturally occurring protein found in animals, and 

comprising 25-35% of whole body protein. Collagen concentration varies depending the tissue 

type, but is most abundant in fibrous tissues such as tendons, ligaments, skin, cartilage, bone, and 

blood vessels  (DiLullo et al 2001).  

There are two main types of collagen fibers found in the myocardial interstium; collagen 

fibers types I and III.  Collagen type I is the most abundant type found in the human body and is 

the end product when tissue heals by repair. Collagen type I’s main role is to provide tissue 

tensile strength and is found in the artery walls and endomysium of myofibrils. Collagen type III 

is a fibrillar collagen that is associated with Type I collagen. Collagen type III is found in the 

cardio-vascular system and is primarily responsible for tissue elasticity.  (Kassiri and 

Khokha;Lopez et al.;Wagenseil and Mecham). (Traub et al 1969). The relative proportions of the 

types of collagen, collagen diameter, and the degree of collagen crosslinking are the main 

determinants of myocardial stiffness.  Therefore a tissue with a greater concentration of type I 

collagen fibers, larger collagen diameters, and more collagen crosslinks will results in a stiffer 

tissue (Pearlman et al.;Robinson et al).  

Collagen fibril crosslinking is essential for stabilization of collagen fibrils and  plays and 

important role in cardiac remodeling (DiLullo et al 2001, Weber et al 1988, Gonzalez et al 2002) 

There are two major types of collagen cross-links: enzyme initiated and non-enzymatic 

crosslinks (Lopez et al 2010). 

Enzyme initiated collagen crosslinks are formed by the Lysyl hydroxylase (LH) and the 

lysyl oxidase (LOX) families of extracellular enzymes.  Specifically, this study will be focused 

on the role of LOX induced collagen crosslinks. There is now a large body of data that correlates 

LOX expression and activity to a wide variety of cardiac diseases associated with myocardial 

fibrosis (Sivakumar et al.;Zibadi et al.). Specifically patients with hypertensive heart disease 

(HDD) showed increased concentrations of the active form of LOX and collagen cross-linking in 

their myocardium (Lopez et al., Kasner 2011).  
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Non-enzymatic collagen cross-links are termed Advanced Glycation End (AGE) 

Products. Newly formed collagen is insoluble and therefore is particularly susceptible to this 

non-enzymatic cross-linking by AGEs.  AGEs cause cross-linking of unorganized collagen 

fibers, increase cardiac stiffness, and cause collagen to become more resistant to hydrolytic 

turnover (Diez;Verzijl et al.).  

Chan et al investigated AGE crosslink inhibition during hypertension induced cardiac 

dysfunction. Amioguanide (AG), an inhibitor of AGE formation was co-administered with 

DOCA-salt, an established hypertension model known to increase cardiac collagen crosslinking 

(Ooshima & Midorikawa, 1977) They showed that AG administration lowered systolic blood 

pressure, attenuated cardiac hypertrophy, prevented aortic stiffening and diameter changes, and 

improved cardiac contraction and relaxation (Chan et al 2006). This study demonstrated that 

inhibition of collagen crosslinks can prevent changes in cardiac mechanics in hypertensive rats. 

Lysyl Oxidase (LOX) Action and Formation 

LOX is a copper and organic cofactor lysine tyrosyle quinine (LTQ) dependent enzyme 

that mediates cross-linking between collagen and elastin (Mure, Wang, and Klinman).  When 

copper is present and LTQ is bound, LOX deaminaes the peptidyl lysine in elastin and the lysine 

and hydroxyl lysine side chains in fibrillar collagen and to generate a highly reactive aldehyde. 

This aldehyde then undergoes nonenzymatic condensation with either a neighboring aldehyde or 

an unmodified lysine side chain to form the intra- and intercovalent cross-linking of collagen and 

elastin.  This results in mature, stable, and insoluble fibers of collagen are deposited in the ECM 

(Alberts 2002, (Hamalainen et al.) 

.  LOX is an enzyme that belongs to a family of LOX-like proteins.  LOX is unique from 

the other LOX-like proteins in that it is the most abundant in the heart and it is the only member 

of the LOX family that uses collagen as a substrate (Lopez et al.). 

The LOX enzyme is dependent upon the activity of the C-proteinase which is encoded in 

the Bone Morphogendtic Protein-1 (BMP-1). LOX is secreted into the extracellular space as an 

inactive, 50-kDa glycosylated proenzyme where it is proteolytically cleaved by BMP-1 and 

forms one mature 32kDa LOX enzyme and one LOX propeptide. The LOX propetide is able to 

exert biological responses on its surroundings, such as on reversion of growth of ras-transformed 

cells While the mature LOX can either remain in the extracellular space or migrate 
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intracellularly.  In the extracellular space LOX can stabilize the components of the ECM by 

catalyzing crosslinks.  The mature extracellular LOX may also translocate into the intracellular 

compartments where it can elicit a variety of functions such as cell adhesion, motility in cancer 

cells, or gene expression (Figure 1)   (Alcudia et al.)   

LOXs Role in Cardiac Disease: 

Increased serum levels of AngII are seen in patients with cardiovascular diseases that are 

associated with myocardial fibrosis, including atherosclerosis, hypertension, cardiac hypertrophy 

and heart failure. Recent evidence has implicated AngII as a myocardial pro-fibrotic molecule 

(Lopez et al 2010, Gonzolez et al 2002). Additionally Ang II triggers expression LOX and 

fibronectin via activation of Rac1 GTPase and connective tissue growth factor (CTGF). There is 

a large amount of data that correlates LOX expression and activity to a wide variety of cardiac 

diseases that are associated with myocardial stiffness (Norton et al., 1997, Ooshima 1977, )  

Therefore inhibition of LOX activity induced crosslinking represents a target enzyme that is 

highly desirable to regulate.   

LOX inhibition: 

β-amino proprionitrile (BAPN) is a lysine analog and a LOX suicide substrate. BAPN is 

a potent and irreversible inhibitor of LOX.  The exact mechanism of this inhibition is postulated 

to involve an active site directed formation of a covalent bond (Tang, Trackman, and Kagan)  

Study Aim:  

The aim of the study was to determine if inhibition of LOX activity by administration of 

BAPN attenuates the changes in cardiac structure and function that are characteristic of AngII 

induced hypertension. Additionally we will determine the necessity of LOX dependent cross 

links in cardiac remodeling that occurs in response to AngII induced hypertension 

To the best of the authors knowledge this is the first time that cardiac structure and 

biomechanical ECHO changes are being measured in the murine AngII hypertension model 

during co administration of the LOX inhibitor BAPN 
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MATERIALS AND METHODS 

Study Groups: 

There were four groups assigned with 4 mice per group (Figure 2). Each group will be pre-

treated for 14 days by being fed water or BAPN – a direct LOX inhibitor. After 14 days of 

pretreatment, each group will be implanted with a pump. The pump will either contain vehicle 

(PBS) or AngII  order to induce hypertension. Baseline and weekly ECHO will be measured and 

mice will be sacrificed on day 28 of pump implantation. Cardiac tissues will be harvested for 

further analytical analysis via Western Blotting, LOX activity measurement, Collagen content 

and crosslink measurement, and histology. 

Animals: 

Sixteen C57BL/6J Wild Type (WT), 10 week old male mice were obtained from Jackson 

Laboratories (Bar Harbor, ME) and housed in the Central Animal Facility at the University of 

Arizona. The study was approved by the animal review committee. The procedures in the 

Guidelines for the care and Use of Laboratory Animal (DHEW Publication No. [NIH] 85-23, 

Revised 1985, Office of Science and Health Reports, DDR/NIH, Bethesda, MD 20205) and 

Principles of Laboratory Animal Care (published by the National Society for Medical Research) 

were followed in this study.  

Treatment: 

AngII group: dose and treatment:  

The mice were implanted with an osmotic pump containing a 490 ng/kg/hr dose.  The pumps 

were first loaded with AngII, left to incubate at 37°C for 24 hours, and then implanted 

subcutaneously.  These pumps were left in the animal for 28 days.  Control groups were 

implanted with pumps containing PBS. 

Β-Aminoproprionitrile (BAPN) dose and treatment: 
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Mice were administered BAPN by adding 150mg/100 mL (300 mg/kg/d) BAPN to their drinking 

water. Bottles were wrapped in foil to protect treatment from light and water was changed every 

24-48 hours.  

Determination of Lysyl Oxidase Activity: 

 Lysyl Oxidase (LOX) activity is measured by Amplex Red fluorometric assay as described by 

Yu et al. 
99

.
 
Cardiac tissue is homogenized in CelLytic and protein levels are measured to to 

dilute samples to to 200mg at –80°C and reconstituted to 1 mL with LOX
 
buffer (1.2 mol/L urea, 

50 mmol/L sodium borate [pH 8.2]) then
 
centrifuged at 12,000 x g for 10 min. After collection of

 

the supernatant, LOX enzymatic activity is detected by the
 
production of H2O2 from an alkyl 

monoamine substrate and detected
 
with fluorescent resorufin produced by horseradish 

peroxidase-catalyzed
 
oxidation of N-acetyl-3,7-dihydroxyphenoxazine (Amplex Red)

 
at 

wavelengths of 563 and 587 nm. Parallel control samples are
 

BAPN to completely inhibit the activity of LOX. The emission
 
intensity difference can be 

converted into the amount of hydrogen
 
peroxide produced by the action of LOX when compared 

with the
 
fluorescence of a hydrogen peroxide (nmol) standard plot 

Western Blot Analysis for LOX:  

Fresh cardiac tissues were homogenized in cold CelLytic
TM

 Mammalian Tissue Lysis/Extraction 

Reagent (Sigma-Aldrich) and quantified using the Biorad Protein Assay. Twenty µg of proteins 

were applied onto a NuPAGE
®
 10% Bis-Tris Gel (Invitrogen), separated at 200 V for 50 mins 

using NuPAGE
®
 MOPS SDS Running Buffer (Invitrogen) and subsequently transferred onto 

PVDF membranes. Membranes were incubated in a blocking buffer containing 5% BSA (Sigma-

Aldrich) in TBS with 0.1% Tween-20 (TBS-T) at room temperature for 1 h. Membranes were 

probed with rabbit polyclonal anti-LOX (1:25,000, Novus Biological) in 1X TBS-T overnight at 

4ºC, and washed 3 times in TBS-T. The corresponding anti-rabbit secondary horseradish 

peroxidase (HRP)-conjugated antibody was from Calbiochem(1:35000). The reactions were 

developed with ECL
TM

 western blotting detection reagents (GE healthcare). Images were 

obtained by exposure to X-ray films and band densities were analyzed by Quantity One 4.6.2, 

Basic (Bio-Rad). For normalization, ß-actin antibody was used as a loading control.  
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Determination of Hydroxyproline and Collagen Crosslinking: 

 Hydroxyproline and crosslinking assays are described by Yu et al. 
98

. Hydroxyproline levels are 

quantified by comparison to a standard colorimetric curve of trans-hydroxyproline (Sigma, St. 

Louis). The data are expressed as micrograms of collagen per milligram of dry heart weight. 

Collagen contains an average of 13.5% hydroxyproline. Collagen crosslinking is determined 

using cyanogen bromide (CNBr) digestion. The percent of crosslinking is determined by 

comparing CNBr-nonsoluble hydroxyproline to total hydroxyproline. 

 

Histology:  

Formalin-fixed tissue was processed for paraffin embedding, sectioned in standard thickness, and 

stained with Picrosirius red to visualize collagen, photos were acquired using polarized light to 

reveal the collagen of the adventitial layer. Picrosirius red is a selective means for the 

morphological identification of collagen types I and III in cardiovascular tissues due to 

birefringence under polarized light. The intensity of the yellow/orange color was measured by 

micro-densitometry to provide estimates of collagen types I and III content in the cardiac tissues 

with our digital Olympus microscopy computerized system according to the methods described 

by Dewald and others. 

Transthoracic ECHO.   

Transthoracic ECHO (TEE) images were obtained with a Vevo 700 High Resolution Imaging 

System (VisualSonics, Toronto, Canada) using the model 707B scan head designed for murine 

cardiac imaging.  A long-axis M-mode image was used to compute the left ventricular function 

using the Vevo 770 System software version 2.3.0 (May 2012).  

Long-axis image was obtained at the initial measurement with the aortic and apical plane 

horizontal, and was used to measure ejection fraction, fractional shortening, and the left atrial 

dimension was measured in the long-axis view directly below the aortic valve leaflets. The 

sampling section was obtained as to not include the papillary muscles. 
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Supra-clavicular view allows assessment of and calculation of various cardiovascular parameters 

such as the Cardiac Output and Aortic velocity time integral (AoVTI), which can be used to 

quantify aortic stiffness and HTN and provides aortic diameter dimension 

4-Chamber view was used to acquire mitral valve flow Doppler, tissue Doppler, passive left 

ventricle filling peak velocity, E (cm/s), and atrial contraction flow peak velocity, A (cm/s). The 

Ea and Aa were the tissue peak velocity of the left ventricle adjacent to the mitral valve annulus. 

The E-A velocity time index (E-A VTI) was the computed velocity time integral of both the E 

and A wave forms. The E/E-A VTI ratio is an index of diastolic function independent of preload. 

Parameters: the use of these parameters was established in a study by Schumacher et al. Their 

report supports the use of flow Doppler and tissue Doppler parameters, specifically the E/A, E-A 

VTI, E/E-A VTI, E deceleration time, IVRT and diastolic time to identify and classify patients 

with diastolic dysfunction.. 

Statistical Analysis:  

Statistical analyses of parameters were performed by students’ t-test analyses or comparable 

nonparametric tests (e.g., Kruskal–Wallis and the rank sum test) when tests for normality and 

equal variance failed. Values were expressed as a mean± SEM and significant differences were 

considered at P<0.05. 
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RESULTS 

LOX Protein Expression: 

Cardiac tissue was analyzed for the expression of the mature (32kDa) LOX protein. In both 

groups treated with AngII there was increased LOX expression. AngII treated groups showed a 

69% increase and AngII+BAPN showed a 63% increase. (Table 2) These results are consistent 

with the literature and confirm that AngII successfully upregulated LOX expression. 

Interestingly the BAPN treatment group showed a 66% increase in LOX expression when 

compared to control, which might implicate a compensatory effect to maintain vascular ECM 

integrity 

LOX Enzymatic activity: 

 The enzymatic function of LOX was significantly increased in the AngII treated group by 80% 

vs the control. There was also a significant decrease in LOX enzymatic activity in the two BAPN 

treated groups. BAPN treatment group showed a 54% while the AngII+BAPN treatment group 

had a 48% decrease LOX activity levels compared to control. (Table 4) 

These results are consistent with AngII’s known role in upregulation of LOX activity, (Adam et 

al 2012). This data also shows that the dose of BAPN that we administered was appropriate 

(Bing et al 1977) and completely blocked any AngII induced LOX activity as well as some basal 

LOX activity levels.  

Determination of Cross-linked and Total Collagen Content: 

Both AngII and AngII+BAPN groups had significantly higher (9.4ug/mg and 11.5ug/mg) total 

collagen concentrations compared to the control group (3.8ug/mg). However, AngII+BAPN 

groups collagen levels were statistically lower than the AngII only group (9.4ug/mg vs 
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11.5ug/mL). The BAPN treatment group had significantly lower levels of total collagen content 

compared against controls (2.7ug/mg vs 2.8ug/mg) (Significance: p<0.05) (Table 5a) 

AngII and AngII+BAPN groups had significantly higher (59% and 44%) levels of cross-linked 

collagen concentrations compared to the control group (39%). AngII+BAPN group’s crosslinked 

concentration levels were statistically lower than the AngII only group (44% vs 59%) The BAPN 

group had significantly lower concentrations of cross-linked collagen when compared to control 

(28 vs 39%). (Significance p<0.05) (Table 5b)  

The increases in collagen concentration and crosslinking observed in the AngII group is 

consistent with the role that the renin-angiotensin system (RAS) pathway plays in primary 

hypertension, collagen synthesis, and myocardial fibrosis, & hypertrophy (Brilla et al 2003). The 

total collagen decrease seen in the BAPN group correlates with studies done in the vasculature 

previous studies (Itwatsuki et al 1967) Overall, these data show LOX enzymatic activity has a 

direct correlation with regulation total collagen levels in the hypertensive heart. 

The literature has demonstrated that concurrent with the reduction of blood pressure LOX 

inhibition via BAPN reduced collagen synthesis, reduced the amount of cross linked collagen, 

and increased the ratio of soluble/insoluble collagen fibers Overall, these results show that LOX 

activity has a direct role in the regulation of the content and crosslinking of collagen in the AngII 

hypertensive heart.  

Histology:  

A transverse section of the left ventricle was fixed and stained with the picosirus red stain to 

identify collagen deposition: 

When compared with the other groups the Ang II group had a significant increase in 

collagen, indicating ventricular stiffness (confirmed through ECHO parameters). Our BAPN 

group showed significant decreases in collagen deposition consistent with BAPN’s inhibition of 

LOX activity and resultant decreases in cross-linked and overall collagen content. Interestingly, 

the AngII+BAPN treated group appears to have collagen content equal to the control group. This 

indicates that AngII stimulation of LOX is being inhibited by BAPN to a level near control 

values. 
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ECHO Mechanics: 

Utilizing the parameters provided by Schumacher et al. we can assess our treatment groups for 

parameters of diastolic heart dysfunction. 

The AngII group had a significant increase in LV mass and a significant decreases in E/E-A VTI 

(a load independent parameter of LV diastolic function). Decreased levels of E/E-A VTI indicate 

there is Grade II diastolic LV dysfunction. 

Additionally the AngII group had a significant increase in AoVTI of 65% compared to control 

groups. While the BAPN and AngII+BAPN treated groups had no change in AoVTI compared to 

control group. This is likely because the BAPN attenuated the increased blood velocity changes 

that AngII induces. 

Although increased AoVTI is not one of Schumachers criteria for diagnosis of diastolic 

dysfunction. The increased AoVTI and high arterial pressures likely caused damage to tissue, 

induce inflammatory responses or at the least created sheer forces and triggered LOX mediated 

deposition of collagen in the hypertrophied left ventricle. (Figure 7) 

Treatment groups that were administered BAPN had decreased EF’s, and increased Ves and Ved 

volumes, but did not qualify for any other diastolic dysfunction parameters. BAPN 

administration causes significant decreases in diastolic stiffness properties in the left ventricle, 

resulting in decreased arterial elastance 
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DISCUSSION 

This study showed that Angiotensin II induced hypertension causes the upregulation of 

the LOX enzyme. When the LOX enzyme is left unchecked it causes increased collagen cross 

linking and deposition and results in cardiac tissue fibrosis and hypertrophy and eventually leads 

to diastolic heart disease. The long axis view of the ventricular wall structure in AngII infused 

mice shows the results of LOX activity left unchecked, and the resultant LV mass increase. 

(Figure 7) Interestingly, the same dose of Ang II combined with BAPN treatment reversed many 

of the morphological changes heart as seen with Ang II alone, and the wall thickness, aortic VTI, 

and collagen deposition of the Ang II + BAPN group was comparable with controls.  

BAPN administration resulted in dilated heart, that had attenuated wall structures, this was seen 

both in wall thickness measurements using Doppler echo as well as histology (Figure 6 & 7) This 

is likely due to BAPN’s role in inhibition of collagen cross-linking resulting in increased 

myocardial compliance and LV dilatation (Kato et al., 1995).  

Taken together this research demonstrates the necessity of crosslinks in the formation of the 

pathologic ECM states in hypertensive cardiac disease. LOX is then directly responsible for the 

crosslinking, collagen deposition, and resulting fibrosis that is associated with a wide variety of 

cardiac diseases. This fibrosis will result in tissue dysfunction and the eventual development of 

cardiac disease states.  

These studies show the direct relationship of collagen structure to diastolic function of the heart.  

It is evident that diastolic dysfunction occurs in predominately all cases of heart failure; therefore 

collagen types and structure, such as cross-linking, should be studied in more detail to become 

one step closer to identifying and treating the detrimental changes associated with heart failure.  

To summarize, our data suggest that AngII induced hypertension induces the expression and 

enzymatic function of LOX which mediates crosslinking between collagen fibers, increases 

collagen deposition, which causes increases in myocardial stiffness and impaired diastolic 

function. LOX enzymatic activity is directly correlated to cardiac increases in total collagen and 
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cross linked collagen levels. Therefore regulation of LOX mediated crosslinking is a strategy to 

prevent myocardial fibrosis and resultant diastolic dysfunction. 

This research demonstrated a role for LOX mediated crosslinking in the pathophysiology of 

hypertension. This study mainly focused on LOX’s effects on collagen crosslinking. However, 

LOX regulates crosslinking in both collagen and elastin proteins (Molnar et al 2003). The 

vasculature, especially the aorta, has very high levels of elastin compared to the heart.  Recent 

approached in treating hypertension have focus on it being a disease of the blood vessel. 

Therefore the effects of LOX crosslinking on collagen and elastin in the vasculature during 

hypertensive remodeling should be evaluated in order to further understand the modulation of 

collagen cross linking and how it contributes vascular function, arterial ECM composition, and 

vascular hypertensive disease state can aid in the development of specific therapeutics that target 

the underlying hypertensive pathologies rather than manage the symptoms. 
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FIGURE AND TABLE LEGENDS 

Figure 1: LOX synthesis, intracellular, and extracellular functions:  

1.)Pre-proLOX enzyme is synthesized inside of the ER/Golgi: signaling peptide is cleaved. With 

Cu
2+

 is incorportated, glycosylation occurs, and LTQ cofactor proLOX is formed. 2.)The 

proLOX enzyme diffuses into the extracellular space and is cleaved by Bone morphogenetic 

protein-1 (BMP-1) into the mature LOX enzyme and a propeptide. The propeptide is perform 

extracellular functions such as inhibition of ras-dependent transformation, while the mature LOX 

enzyme can remain in the extracellular space to contribute to ECM maturation or deffuse 

intracellularly. 3) LOX that diffuses intracellularly can control gene expression through 

interacting with histones as substates or by creating of hydrogen peroxide to trigger the Scr/FAK 

pathway to cause cell adhesion and motility. 

Figure 2: Experimental Study Groups: 

Table shows details about each groups treatment 

Figure 3: Western Blot LOX expression 

Fresh cardiac tissues, harvested on experimental day 28 were used for western blot analysis of 

immunoreactive LOX protein representing the mature (32 kDa) form. (n=3) 

Figure 4: LOX Enzymatic Activity 

The enzyme responsible for crosslinking collagen is lysyl oxidase. The LOX activity is 

represented as the production of H2O2 and detected by Amplex Red oxidation Data represented 

as mean ± SEM (n=3). *P<0.05 vs control  

Figure  5: Hydroxyproline and CnBr Assa  

Effects of AngII and LOX inhibition on cardiac collagen composition. Percent of cross-linking 

was determined by comparing CNBr-nonsoluble hydroxylproline to total hydroxylproline. 

Collagen values were calculated assuming 13.5% of collagen is hydroxyproline and elastin 

content was negligible. The data were expressed as microgram of collagen per milligram of dry 

heart weight (n=3) Data represent mean ± SEM. * P<0.05 vs. control † P<0.05 vs AngII 
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Figure  6: Histology Table  

Transverse slices from left ventricle were formalin fixed and embedded in paraffin and stained 

with picosirus red (PR) stain - used to identify collagen deposition.   

Figure 7: Long Axis Comparison of Ventricular Wall Sizes 

Long axis view of a heart from each treatment group shows the differences in ventricular wall 

thickness. 

Figure 8: Cardiac ECHO Measurements 

The use of these parameters was established in a study by Schumacher et al. Their report 

supports the use of flow Doppler and tissue Doppler parameters, specifically the E/A, E-A VTI, 

E/E-A VTI, E deceleration time, IVRT and diastolic time to identify and classify patients with 

diastolic dysfunction.. 

Differences across groups on Day 28 for their stoke volume (SV), cardiac output (CO), Aortic 

Velocity Time Integral (AoVTI), E/A Ratio,  Left Ventricular mass (mg), IVRT – Isovolumic 

Relaxation Time, Decleration Time (E Decel), Diatsolic Time (DT), Ejection Fraction (EF), LV 

Systolic volume (Ves), Diastolic Volume (Ved), E/EA VTI  - (LV filling velocity (E) /velocity 

time interval of E&A wave), LA Diameter,  

ECHO parameters:    E/EA VTI -  a load independent index of LV diastolic dysfunction Data 

represented as mean ± SEM *P<0.05 vs control, n=3-4 
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Figure #1 
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Figure # 2  
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 Figure # 3  
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Figure #6 
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Figure #7 
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Figure #8 

  Control AngII BAPN AngII/BAPN 

AoVTI 33   ±   0.7 54   ±   1.9* 30   ±   0.7 36   ±   1.4 

LV Mass 129   ±   2.1 178   ±   6.9* 133   ±   14.5 126   ±   4.9 

SV 25   ±   1.8 46   ±   3.8* 23   ±   2.6 29   ±   2.1 

E/E-A VTI 36   ±   0.7 29   ±   1.4* 36   ±   1.5 29   ±   2.4 

EF 70   ±   2.5 72   ±   4.8 46   ±   2.4* 52   ±   3.2* 

Ves  15   ±   2.9 13   ±   2.3 28   ±   3.0* 27   ±   3.8* 

Ved  41   ±   2.3 41   ±   4.0 52   ±   3.8* 54   ±   3.6* 

E decel 4.6   ±   2.0 3.0   ±   1.8* 6.3   ±   1.8 3.5   ±   1.2 
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