Environmental
Pathology
And
Nutritional
Disease

Labor Day
From International Labor Organization :

Every 15 seconds:
Aworker dies from work related accident or disease

160 workers have a work-related accident

6300 deaths per day from occupational accident or work-related disease

2.3 million deaths/year
317 million accidents on the job per year

Modes of Environmental Exposure
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Environmental Pathology
Effects of Environmental Agents:

Inflammation: acute and chronic
granulomatous

Hypersensitivity: immune-mediated
Necrosis

Neoplasia: initiators and promoters
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Environmental and N
Diseases

Temperature
anomaly

Part 1:
Climate Change

Physical injury
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1959-2009 Correlation Coefficient: 0.76903

——— Land average lemperature, with 95% confidence interval
Simple fit based on CO, conceniration and volcanic activity
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Global Land Surface Temperature

0{2 014 Berkeley Earth Surface Temperature
Global temperature anomaly (° C) 1750 1800 1850 1900 1950 2000

Increase from 1992 (Left) to 2002 (Right) in the Amount of the Greenland Ice Sheet Melted in the
Summer,

Heat Waves
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Climate Change and
Infectious Disease

Diarrheal lllness
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Numbers of Disability-Adjusted Life-Years Due to Causes That Are Attributable to Climate Change,
as of 2000.

Numbers of Disability-Adjusted Life-Years Due to Causes That Are Attributable
to Climate Change, as of 2000.%

DALYs/Million
Region Total DALYs Population
Africa 1,894,000 3071.5
Eastern Mediterranean 768,000 1586.5
Latin America and Caribbean 121,000 1885
2,572,000 1703.5

Southeast Asia
Western Pacific 169,000 1114
Developed countries 8,000 89

* Disability-adjusted life-years (DALYs) are life-years that are lost owing to disability
or premature death. Causes that may be attributable to climate change include di-
arrheal disease, vectarbarne disease, malnutrition, and injury from natural disas-
ters. Data are from the World Health Organization.*
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Laceration

FREAK AGCIDENT: The X-ray of sy skull shows an 18-inch-long
ril bit that ierced Fsss eye socket and went through his head, just nudging
Gonstruction worker, fell off a ladder Aug. 15
g at a construction site. “it is a miracle, it
2 News' *Good Morning America.” The 1.5-
‘auger dirill bit was still in his head when his brother,
e, met him in a hospital emergency room in Reno,
Nev. Doctors explained that the il bit pushed his brain aside rather than
 likely would have caused serious brain damage or death,
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Gunshot Wounds: Entrance

Stab and Incised Wounds

Gunshot Wound: Contact Range




FIRST DEGREE

v
Dermal hyperemia

Nocrotic
= apidermis

Dermal t epidermis
nyporomia and dermis

- T Eoicermis

Fibrin exudate

Second Degree

Thermal Burns

Third Degree
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Mortality from heat related illness due to excessive
natural heat by age US 1979-1999

Rate per million population
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Summary of environmental and predisposing factors that interact to cause “classic”
(passive) and exertional heat stroke.

Exercise

Predisposing Factors e et e
o] s, D s, G O

“Classic” H

Climatic Heat Stress

troke

Cyatanicity

Heat

Systemic Inflammatory
Response Syndrome.

Coagulopathies

MUliOrgan System Dysfurtion / Fakue
Leon L R, Helwig B G J Appl Physiol 2010;109:1980-1988
Journal of Applied Physiology

©2010 by American Physiological Society

Summary of heat stroke pathophysiological changes that culminate in multi-organ system
dysfunction and death.

Heat Stress / Exercise
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Ischemia
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Adaptive Immune System
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Leon L R, Helwig B G J Appl Physiol 2010;109:1980-1988

Joumnal of Applied Physiology
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Brain Damage
brol Edema
rebellar Atroply

Multi-Organ System
Dysfunction

©2010 by American Physiological Society

Risk Factors for Decreased Thermostability.

Decreased heat production Increased heat loss.
2 v

ypothyroidism
Hypopitwitarism
Hypoudrenalism Dermatologie causes
Insufficient fuel urns
Hypoglycemis s
Malnuirition Introgenic causes
Extreme physical encttion Exposure
Neuromuscular physical e Cold infusions
Age extremes Emergency deliveries
Impaired shivering. Environmental causes
Inactivity wmession
Lack of adaptation Nonimmersion

Impaired thermoregulation Miscellancous associated

Peripheral failure Multisystem trauma
Shoek

Neuropathies

Acute spinal cord tramcction Cardiopulmonary disease
Disbeies
Central nesvous system failure or bacterial, viral, parasitic
neurologic sbaormalitics s
Pharmacologic causcs Vascular insufficiency
Metabolic causes Pancrealitis
Toxins Uremia
Cerebrovascular aceident Recurrent or episoic hypothernis
Centrsl nervous system tesums
Neoplasm
Degenerative discase

Danzl DF, Pozos RS. N Engl J Med 1994;331:1756
NEW ENGLAND
5%/ JOURNAL of MEDICINE

Hypothermia

Physiologic Changes Associated with Hypothermia.

ToMmRATUSE  CETRAL NEVOUS SYSTEM  CAKDKWASCULAR ResrikATORY Risial a0 EXGOCROE NEUROMUSCULAR
Miki ICEFF 0 Linear depression of cer- Tuchycardia, then pro-  Tachypoea, then progres-  Cold diuresis; ncrease in Increased preshivering
2.2C O0F cbral metabolism am- - gressive bradycardia;  #ive decrease i fespi-  Catecholiminc.adrenal  musche (one, then
nesia; apathy; dysar- cardisc-cycle prokm-  ralory minute volume:  steroids, riododl fatiguing shivering-
thria; impaired gation; vasoconstric-  declining osygen con-  nie. ard thyroxine. duced thermogen.
jodgment: meladp tion; increase in cardi-  somption; bronchor.  increasc inmetabolism  esis; ataxia
tive behavioc acouipotandblood  ves; bronchospasm  vith shivering
pressure
Moderate  <32.2°C (0°Fi 10 Elecuosncephalographic  Progressive decrease in  Hypaventilation; 50%  50% increase in fen Hyposefieia; dimin.
WC K24 abnormalties:progres-  palse and candioc oul.  decrease in carbon di-  blood low; renal auic- ishing shivering-
sivcdepressionoflevel  pat; increased airial  oxide prodction per  regulasion iatact: 0o induced thermogen
of consciousness; pu-  and venticular ar $°C drop in tempera-  insuli activity esis: rigidity
pillary dilatation; pars-  hythmias; nonspeeif.  ture; absence of pro-
douical undressing: ic and suggestive tactive airway reenes
ballucinations U-wave) electrocandio  SO% decrease in ony.
graphic changes: pro-  gen consumption
longed systole
Screic  <26C28F) Lo of corcbrovascular  Progressive decreases in  Pulmonic congestioa and No mwesion; decreased
autoregulation; decline  blood pressure, heant  edema; 75% decrease nerve-conduction
in cerehral blood ratc, and cardiac oWl in oxygen consump veloeity, peciphecal
coma; loss of oculse  pal; reeatrant dys- tion apnca areflexia
reflcacs: progressive  chythmias: decreased thermia; §0% decrease
decrease in electio- veatricular anhythmia in basal metsbolism
encephalographic threshold; asystole
sctivity

Danzl DF, Pozos RS. N Engl J Med 1994;331:1756-1760.

NEW ENGLAND
JOURNAL of MEDICINE
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Radiation
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Failed or aberrant repair DNA repair and tissue
reconstitution
Inhibition of Failed or
cell division aberrant repair
Gamma
14%

Fetus or germ cells: q =
Cell death teratogenesis Carcinogenesis

50%

al; Robbins Basic Fathalogy, e
© 2013 by Saunders, an imprint of Elsevier Inc

Cellular Effects
of
Radiation

Radiation Colitis

Kumar et al: Robbins Basic Pathology, 9.
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Neoplastic
Complications of

InFRARED

Effects of
UV radiation
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plenty of bread Nutrition
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O beSIty Figure 1. Trends in overweight, obesity, and extreme obesity among
adults aged 20 years and over: United States, 1988-2008

ol L L L L

1086-1904 1999-2000 2003-20 | 2007-2008
2001-2002 2005-2008

Years

NOTES: Age-adjusted by the direct method Lo the year 2000 U.S. Census Bur imaes. using the age oroups 20-30

40-59, and 60 years and over. Pregnant females were exchuded. Overweight is defined as a body mass index (BMI) of 25 ar

greater but less than 30; obesity is & BMI greater than or equal to 30; extreme obesity is. a BMI greater than or equal fo 40
SOUR CINCHS, National Health and Nutrion Examination Survery I1| 1988-1994, 1999-2000, 2001-2002, 2003-2004,

Y.

2006-2006, and 2007-2008

Figure 1. Trends in obesity among children and adolescents:
United States, 1963-2008
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defined as body mass index (BMI) greater than or equal to sex- and age-
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Activate

Adiposity signals

Pancreatic § cells. Insulin Leptin
Stomach Ghrelin

Intestines PYY

Adipoeytes
(energy stores)

AFFERENT SYSTEM

Kumar et al:

Copyright @

Defining Obesity

BODY MASS INDEX

©MEN
© WOMEN

MORTALITY RATIO
o

Very  Low

low

Moderate  High

T T T
20 25 30 35 40
BODY MASS INDEX (kg/m?)

CENTRAL PROCESSING
Inhibit

Hypothalamus.

Energy expenditure Food intake

Regulate:
egulates Energy balance

EFFERENT SYSTEM

Robbins Basic Pathology, de.
2013 by Saunders, an imprint of Elsevier Inc

Study: Hormone that curbs

appetite ¢

Giving overweight peopl

ould treat obesity

In the small study, both obese

lean people ate about 30 percent
less from a buffet lunch after they
e given a dose o the hormanc,
PY¥Y3-36, ik

ment for obestry.
13 at Imperial Col-

‘The researches
lege Londdon had previously shown

“We had to do a second trial 1o
| seeifobese people wereas sensithe”
10 the hormorie, said researcher Dr.
suphmn Bloom. Jheanswer: “Ves,
are. They're just as sensitive as
thimpeople.”

ing they had already eaten. The  Herald Times
also showed Jower nanural
levels of PYY in the obese, which may Sept 3, 2003
explain why they are hungrier and
m/erem Eloomsmd
indings are published
in mdays New England journal of

Bmom said long-term use of the
‘hormone would have to be studied
before it could be developed into a
treatment for obesity that would
cansist of injections given before
meals.

“We haven't yet shown gou get
acual eight reucion. We've only
show you eat less,” Bloom said.

“xcess Fat on the
Abdomen

Common in Men

Significant correlation
with Metabolic Syndrome.

EFFERENT

9/3/2012

Pear/Gynoid

Excess Fat on the things
and buttocks

Common in Women

Non significant correlation
with Metabolic Syndrome.

MC4R Wt
MSH

CENTRAL
ROCESSING

AFFERENT
SIGNALS

Free Fatty Acids
and

Insulin
Resistance

FFA- inhibit insulin signaling
ZEGIEVS

|
‘Adipokines” FFAs

Arcuate
— nucleus

- 3 Adipose
I tissue

I
) 1

Macrophages Pancreatic islet

B-cells

B-cell
dysfunction

IL-1B and other pro-inflammatory /
cytokines

Striated muscle

Insulin resistance

Kumar et i: Robbins Basic Pathology, 9.
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Protein-Calorie
Malnutrition:

Marasmus

Protein Calorie Malnutrition: . .
Kwashiorkor Vitamin A

INTESTINAL
CELL

TRANSPORT
TO LIVER

LveER
STORAGE

TRANSPORT
TO TISSUES

PERIPHERAL
TISSUES

Vitamin A
Deficiency

NADPH
Ret
NADPs | Detyd
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Vitamin A Deficien

VITAMIN A DEFICIENCY

PN

EYE CHANGES CELL DIFFERENTIATION

Pelvic keratinization
Keratin debris = Stones
Bitdts Faral e eiacia Epithelial metaplasia
spots

Advanced Increased

lincin
Bt metaplasia cancer?

Vitamin D

ergosterol
(yeast)

7-dehydrocholesterol
(lanolin, skin)
EyeRounds.org

Figure 1: The Functional Metabolism of Vitamin D; Necessary to Activate ORMAL VITAMIN D METABOLISM

Target Organs of Intestine, Bone and Kidney "
—— -;;n“‘, Wiz, Unraviolet imadaton of
=

= 7-dehydrocholosterol

7; \f: in skin
lnté
UV light M
e
A Vitamin D in blood
Skin 1

7-dehydrocholesterol
Vitamin Dy (Dg)
| Smal intestine
Liver microsomes absorption of

dietary sources
N

25-0H-D
Intestine )

a-1-hydro!
Bone :_\_\ ] Kidney

Kidney ‘/I Mitochondria
= Bone mineralization ion ‘
\ 125 (OH):D
- - -
HO OH HO' Normal serum levels of Ca 2 el
1,25-dihydroxyvitamin Dg (1,25-(OH),Dg)  25-hydroxyvitamin Dy (25-OH-D3) (normocalcemia) and P~
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. VITAMIN D DEFICIENCY

-

n--1-’t1ydr6xylase
, »(2) 41,25 (OH),D

P +Serum Cax P %
6b) " p = tCaand P 2
> A v 'profitfcl absorption -3/"
4 7)) W ]
Poor bone
mineralization

p Mobilization of Ca and P

»Ca
\ P =~ < T2
PTH 6a \Cﬂ \ + Serum 2
. tPTH CaandP i \&
. & i
<&

{(5)

Kumar et al: Robbins Basic Pathology, 9e.
Copyright © 2013 by Saunders, an imprint of Elsevier Inc

UV light

Rickets

Nutritional Rickets

30 month old girl

Genu varum, enlarged wrists
Elevated alkaline phosphatase
Low serum calcium

25-OH-D 35 ng/mL

Outside at least 3 hours/day
Average daily Ca2+ intake

160 mg/day (RDA for 1-3 yr old
700 mg/day

‘Thacher TD. N Engl J Med 19

9/3/2012
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Metabolism of 25-Hydroxyvitamin D to 1,25-Dihydroxyvitamin D for Nonskeletal Functions

Vitamin E

vou
ncesins 1 12t(0m0 . HOW

: R
o

Macroghage/ L alphatocopherol  —CH,
e

e =
N 121000,0-
Parathyrold a——————  Blood ——————+ !
wands 5(aM)0
s

Fioe ) ) —
) : ;

12400 _/ pancres
Drcreased & -
rivted gon -

Blood pressure regulation Blood sirgar contral

NaturalHealthSupply.com
Holick M. N Engl J Med 2007;357:266-281 EW ENGLAND
JOURNALcf MEDICINE

Abetalipoproteinemia Vitamin K

Ky (Phylloquinone)

cuzcui?_qcugcuzcuzcul 3—CHg

CHy CHy

K3 (Menatetrenone/MK4), ﬁ
CHy
DH?CH:EI?—WH?CH;CH:C]a—CHa
) |

CHy

Ky (Menadione)

Figure 1. The three forms of vitamin K

INTRINSIC PATHWAY

Damaged Surface
Gla residue

Vitamin K

Warfarin
inhibits
Vitamin K
epoxide 1
reductase NG s iGE 1

lm.

Cross-inked
fibrin clot

NAD*  NADH, H* -

(ansssthesia
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a

TREATI

SEC USBRY . Y
IN THREE PARTS.

An Inguiry into ¢
and Cure, of th

IMPAIRED COLLAGEN FORMATION

Poor vessel support Other effects
results in bleeding
tendency

Osteoblasts

Cw»

Osteok

NW W‘_ |

Periosteum Impaired wound

and foets e
Inadequate synthesis
of osteoid
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The B Vitamins

B1
B2
B3
B4
B5
B6
B7
B8
B9
B10
B12

thiamin (thiamine)
riboflavin

niacin

adenine *
pantothenic acid
piridoxine

biotin

myoinositol *
folic acid
para-aminobenzoic acid (PABA) *
cyanocobalamin

* Kicked out of the club

Thiamine
Deficiency:

Beri Beri

Christiaan Eijkman
and
polished rice

DRY BERIBERI \\_l

2 5\ Optic
| YP— criasm
4 2 \ Il Nerve
N BIA— Mamillary
ﬁ:'q\ (o} 7 body
A WERNICKE-KORSAKOFF
SYNDROME

Thiamin (e)
Vitamin B1

acidic proton

Thiamine (Vitamin B1)

Pyruvate
TPP

Pyruvate
CO, Dehydrogenase

Acyl-TPP

-

Dihydrolipoyl
Dehydrogenase

NADH + H*

acidic proton

Thiamine pyrophosphate (TPP)

Dihydrolipoyl
Transacetylase

Acetyl-CoA

copyright 1888 M W King

Beri Beri

9/3/2012
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Niacin (Vitamin B3)

Dr. Joseph Goldberger
and Pellagra

I 1
Go—p—0-F-0—¢
=] o

NH,
N >
4 f"
<N A
a
"

Pellagra
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