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us to you... 

Welcome to the first print-style edition of 
NHSJS! In this issue, we have compiled 
articles that have been published in the 
past few months, during our summer 
publishing cycle. From unconventional 
advances in medicine to the latest in 
science news, this issue showcases the 
hard work of our authors and reviewers. 
These articles are also available on our 
website: nhsjs.com. We sincerely 
appreciate the dedication and expertise 
that the authors and reviewers bring to 
NHSJS. It is in our best hope that the 
science journal will continue to reach 
across time and space to talented and 
determined young scientists, and further 
act as a platform to promote STEM. 
Enjoy and keep on science-ing!	
	
	
	
	

-The	NHSJS	Editors	
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“On	the	development	of	Q.	alba	
as	an	oral	care	product:	A	
comparison	with	T.	chebula	by	
TLC	
	
By:	Tejas	Thvar,	Mountain	View	High	School,		
Mountain	View,	CA		

1.0 Abstract		
Natural	 remedies	 for	 oral	 care	 have	 been	 used	

since	 ancient	 times.	 	The	 fruit	 of	 Terminalia	 Chebula	 (T.	
chebula),	a	tropical	deciduous	tree,	has	been	widely	used	
in	 oral	 care	 in	 tropical	 countries.	 In	more	 recent	 studies	
the	 antimicrobial	 and	 antibacterial	 properties	 of	 T.	
chebula	have	been	adequately	demonstrated.	T.	chebula,	
however,	 grows	 only	 in	 specific	 locations	 in	 South	 Asia	
and	not	easily	available	 in	other	parts	of	 the	world.	 This	
paper	explores	the	efficacy	of	the	bark	of	the	White	Oak,	
Quercus	Alba,	a	very	common	tree	 in	North	America	as	a	
low	cost	and	widely	available	alternative	to	T.	chebula	 in	
oral	care.	This	study	involved	extraction	of	T.	chebula	and	
Q.	alba	 furthermore	method	development	by	Thin	 Layer	
Chromatography	 (TLC).	 For	 the	 first	 time,	 different	
compounds	were	 extracted,	optimized	and	 characterized	
by	TLC	and	compared	with	that	of	T.	chebula.	Results	from	
Thin	Layer	Chromatography	run	under	identical	conditions	
from	the	two	species	were	similar.	This	indicated	that	the	
key	 constituents	 of	Q.	 alba	 were	 highly	 likely	 to	 be	 the	

same	as	that	of	T.	chebula	warranting	further	confirmation	through	
other	 analytical	 techniques.	 This	 	work	 is	 paving	 the	 way	 for	
further	characterization	of	Q.	alba’s	antimicrobial	and	antibacterial	
properties	with	the	vision	of	developing	natural	oral	care	products.	
	
2.0	Introduction	
Oral	 healthcare	 plays	 an	 important	 role	 in	 our	 daily	 life.	 Major	
problems	can	stem	from	unhealthy	oral	hygiene,	such	as	gingivitis,	
and	halitosis1.	While	there	are	plenty	of	oral	 care	products	 in	the	
market,	 most	 are	 artificially	 produced	 and	 are	 comprised	 of	
artificial/non-natural	chemicals.		The	side	effects	of	prolonged	use	
of	such	formulations	are	 largely	unknown.	 	Recently,	oral	hygiene	
products	based	on	natural	formulations	have	been	getting	a	lot	of	
attention.		
For	 thousands	 of	 years,	 ancient	 people	 have	 utilized	 herbs	 and	
other	 natural	 remedies	 to	 treat	 a	 variety	 of	 medical	 conditions	
from	 back	 pain	 to	 oral	 care.	 	The	 risk	 of	 side	 effects	 of	 these	
natural	medicines	are	generally	lower	than	artificial	chemicals	and	
that	 in	 turn	 has	 resulted	 in	 increased	 interests	 and	 associated	
funding	 for	 herbal	 remedy	 research.8	 Recently,	 scientists	 have	
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studied	 the	 pharmacology	 behind	 some	 of	 these	 ancient	
solutions	 and	 started	 creating	 formulations	 based	 on	 these	
natural	 medicines	 or	 medications.	 	Simple	 techniques	 such	
cold	 water	 and	 hot	 water	 extraction	 to	 isolate	 key	
components	 have	 been	 developed	 and	 are	 widely	 used.	
Examples	 of	 these	 techniques	 include	 infusion	 (“soaking”	 in	
solvent	such	as	water),	sonication,	and	consequent	filtration.		
A	key	example	of	a	natural	oral	health	remedy	is	the	fruit	of	T.	
chebula.	 	T.	 chebula,	 a	 tropical	 species,	 has	 been	 used	 for	
thousands	of	years	(since	Vedic	times	 in	ancient	 India).	 	Dried	
and	powdered	fruit	of	T.	chebula	was	mixed	with	warm	water	
and	 used	 as	 an	 oral	 rinse.	 T.	 chebula’s	 natural	 antimicrobial	
and	antibacterial	properties	especially	with	regard	to	oral	care	
have	been	proven.	
This	 work	 explores	 the	 development	 of	 a	 natural	 oral	 care	
product	based	on	the	bark	of	the	White	Oak	(Q.	alba)	tree	as	a	
low	 cost	 and	 widely	 available	 alternative	 to	 T.	 chebula.	 The	
work	involved	the	extraction	of	T.	chebula	and	Q.	alba	as	well	
as	 the	 optimization	 of	 their	 characterization	 through	 Thin	
Layer	Chromatography	and	comparative	studies.	
	
3.0	Background	
3.1	T.	chebula	

	
Figure	1:	T.	chebula	Fruit-	T.	Chebula’s	fruit	is	the	source	of	its	
antimicrobial	function.	The	fruit	contains	gallic	acid	and	tannic	
acid,	which	are	key	in	antimicrobial	use.6	
3.1.1	Description	
T.	 chebula	 is	 a	 deciduous	 tree	 native	 to	 Southeast	 Asia,	
specifically	 in	 India,	 Nepal,	 and	 Southwest	 China.	 	It	 is	
commonly	 referred	 to	 as	 Haritaki	 in	 the	 Indian	
subcontinent.	 	T.	 chebula	 has	ovoid	 leaves	and	 these	 species	
can	 grow	 to	 100	 ft.	 	The	 fruits	 are	 drupes,	 ranging	 in	 color	
from	yellow	to	orange-brown.2	Figure	1	shows	the	T.	chebula	
fruit.		
3.1.2	Chemical	Composition	
While	Tannic	acid	is	the	main	constituent	of	T.	chebula,	it	also	
contains	 phenolic	 compounds	 such	 as	 ellagic	 acid,	 2,4-
chebulyl-β-D-glucopyranose,	 chebulinic	 acid,	 gallic	 acid,	 ethyl	
gallate	and	punicalagin.2	
3.1.3	Medicinal	Uses	
Traditionally,	T.	 chebula	 has	 been	 used	 for	 the	 treatment	 of	
various	 medical	 conditions	 including	 acid	 reflux	 and	 gastro	
intestinal	 disorders.2	 However,	 the	 main	 topical	 use	 of	 T.	

chebula	 is	 as	 a	mouthwash	 due	 to	 its	 antimicrobial	 and	
antibacterial	 properties.	 It	 is	 also	 effective	 in	 the	
treatment	 of	 aphthous	 ulcer,	 as	 well	 as	 other	 oral	
diseases,	such	as	gingivitis.2		
3.2	White	Oak	(Q.	alba)	
	

Figure	2:	Q.	alba	Tree5	
3.2.1	Description	
White	 Oak	 (Q.	 alba)	 is	 a	 hardwood	 tree	 with	 light	 grey	
bark.	 This	 species	 is	 widely	 found	 in	 eastern	 and	 central	
North	America.3	Figure	2	shows	the	Q.	alba		tree.	
3.2.2	Chemical	Composition	
The	bark	of	Q.	alba	contains	phenolic	compounds	such	as	
Grandinin/roburin	 E,	 castalagin/vescalagin,	 gallic	 acid,	
monogalloyl	 glucose,	 and	 valoneic	 acid	 dilactone,	
monogalloyl	 glucose,	 digalloyl	 glucose,	 trigalloyl	 glucose,	
ellagic	 acid	 rhamnose,	 quercitrin	 and	 ellagic	 acid.3		Some	
of	 the	 constituents	 of	Q.	 alba	 such	 as	 ellagic	 acid,	 have	
been	 proven	 to	 have	 antimicrobial	 properties,	
antiproliferative	 and	antioxidant	properties	 are	 same	 as	
that	 of	T.	 chebula.	 	This	 was	 one	 of	 the	main	 targets	 of	
this	work.	
	
4.0	Thin	Layer	Chromatography	(TLC)	
TLC	 was	 the	 main	 analytical	 technique	 used	 in	 this	
study.	 	TLC	 is	a	 simple,	quick,	and	 inexpensive	procedure	
to	 identify	 the	 components	 of	 a	 particular	 mixture.	 For	
TLC,	as	in	all	forms	of	chromatography,	a	stationary	phase	
(TLC	 plate)	 and	 a	 mobile	 phase	 (solvent	 system)	 are	
present.	The	mobile	phase	moves	through	the	stationary	
phase,	carrying	the	components	of	the	mixture.	Materials	
separate	 from	 each	 other	 based	 on	 the	 interaction	with	
the	 solid	 phase.	 The	 sample	 to	 be	 analyzed	 is	 spotted	
onto	 a	 TLC	 plate	 (a	 sheet	 of	 aluminum	 or	 glass	 coated	
with	 an	 absorptive	 silica	 layer,	 otherwise	 known	 as	
stationary	phase).		Spotting	is	performed	by	dropping	part	
of	the	mixture	to	be	analyzed	onto	the	TLC	plate	with	use	
of	a	micro-capillary.	The	TLC	plate	is	then	kept	in	a	solvent	
chamber	with	only	the	bottom	of	the	plate	dipped	 in	the	
solvent	solution.	
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4.1	Capillary	Action	
Capillary	 action	 causes	 the	 solvent	 to	 rise	 through	 the	 plate	
carrying	 with	 it	 the	 various	 constituents	 of	 the	 mixture.	
Capillary	 action	 is	 defined	 as	 the	 ability	 of	 a	 liquid	 to	 flow	
through	 narrow	 spaces	 despite	 gravity	 via	 intermolecular	
forces	 between	 the	 liquid	 and	 solid	 surroundings.	 Capillary	
action	is	the	main	driving	force	behind	TLC;	specifically,	within	
the	stationary	phase.	For	the	TLC	techniques	used	in	this	work,	
silica	 (SiO2)	 was	 the	 adsorbent	 used	 as	 the	 stationary	 phase.	
The	structure	of	silica	 consists	of	an	oxygen	and	 silicon	atom	
bond	to	each	other.	At	the	surface	of	every	particle	 residual,	
uncondensed	 hydroxyl	 groups	 from	 the	 original	 polymeric	
silicic	 acid	 remain,	 granting	 the	 silica	 gel	 its	 polymeric	
properties.	These	groups	form	bonded	phases	by	reacting	with	
the	 reagents	 of	 silane.11	 Due	 to	 the	 complexity	 of	 the	 silica	
surface,	 it	 holds	 more	 than	 one	 hydroxyl	 group	 type;	
specifically,	 see	 figure	 2	 below.	 	Different	 constituents	move	
through	 varying	 distances,	 due	 to	 differences	 in	 their	
attraction	 to	 the	 TLC	 plate	 and	 solubility	 in	 the	 solvent	
system.	 	This	 allows	 for	 the	 separation	 and	 analysis	 of	 the	
different	materials.	

	
	

	
Figure	2:	Silica	Structure	-	Silicon’s	bond	with	oxygen	through	
siloxane	bonds.11	
	
4.2	Rf	Values		
Rf	value	of	a	given	component	in	the	mixture	is	defined	as	the	
ratio	of	the	distance	 it	travels	to	the	distance	travelled	by	the	
solvent.	 The	 Rf	 value	 is	 dependent	 upon	 a	 number	 of	
parameters	 including	the	solvent,	adsorbent,	thickness	of	the	
adsorbent,	amount	of	material	spotted,	temperature	and	the	
chemical	 properties	 of	 the	 components.	 	Given	 these	
conditions	can	vary	from	experiment	to	experiment,	relative	Rf	
values	 are	 used	 when	 comparing	 two	 compounds.	 By	
comparing	 the	 Rf	 of	 an	 unknown	 compound	 to	 a	 known	
compound	 (preferably	 both	 run	 on	 the	 same	 TLC	 plate),	 the	
compound	can	be	well	defined.	When	the	solvent	has	reached	
the	 desired	 point	 (the	 maximum	 point	 that	 the	 solvent	 can	
travel	 up	 the	 plate,	 indicated	 by	 how	 far	 the	 wetness	 rises	
through	the	plate),	the	plate	is	dried,	and	analyzed	under	a	UV	
Lamp	 to	 identify	 separation	 of	 constituents.	 Figure	 3	 shows	
the	 experimental	 setup	 of	 a	 Thin	 Layer	 Chromatography	
system.	

	
	

	
Figure	3:	TLC	Chamber	and	Plate	-	The	plate	is	the	square	
“paper”	 inside	 of	 the	 chamber	 containing	 the	 solvent	
system.	The	spot	on	the	paper	is	the	analyte.	
	
5.0	Procedure	and	Analysis	
Multiple	extraction	procedures	were	utilized	in	order	to	
use	each	species	for	further	studies.	
5.1	Extraction	and	Analysis	of	T.	chebula		
5.1.1	Solid	Extraction	
The	first	step	 in	preparation	of	the	extract	was	to	 isolate	
T.	 chebula	 to	 its	 purest	 form.	 Figure	 4	 shows	 the	
“purified”	 dried	 T.	 chebula.	 These	 fruits	 were	 obtained	
from	the	Asthagiri	Herbal	Research	Foundation,	Chennai,	
India.	 The	 ‘pure’	 product	 was	 ground	 to	 a	 fine	 powder	
using	 a	 commercially	 available	mixer	 (Preethi).	 	200	 g	 of	
the	 product	 was	 sieved	 and	 resultant	 material	 was	
measured	using	a	weighing	scale	(Figure	5)	to	be	152	g.		
	

Figure	4:		Dried	T.	chebula	fruit	
	
5.1.2	Initial	Aqueous	Extraction	For	TLC	Purposes	
To	make	the	first	aqueous	extract	of	T.	chebula,	a	simple	
water	extraction	procedure	was	utilized	by	adding	200	mL	
of	water	to	5	g	of	the	ground	fruit.	 It	was	then	sonicated	
for	 5	 minutes.	 Sonication	is	 the	 act	 of	 applying	 sound	
energy	 to	 agitate	 particles	 in	 a	 sample,	 for	 various	
purposes.4	 Figure	6	 shows	 the	 sonicator	used	 in	 the	 lab.	
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This	 equipment	 is	 a	 device	 that	 emits	 vibration	 patterns	
through	 the	medium	of	water	 to	agitate	 the	mixture.	All	
test	tubes	and	flasks	with	standard	thickness	can	be	used.	
The	T.	chebula	sonicated	mixture	was	placed	in	a	standard	
borosilicate	test	tube	with	9	mL	volume,	and	was	covered	
with	plastic	wrap	to	prevent	spillage.		
	

	
Figure	5:	Weighing	Scale	
	

	
	
Figure	6:	Sonicator	Settings	are	displayed	on	the	machine,	
40	kHz	ultrasound	was	utilized,	time	is	shown	on	the	left,	
and	heat	is	shown	on	the	right		
Figure	7:	Initial	Aqueous	Extract	after	Sonication	
Figure	8:	Final	Filtered	Aqueous	Extract	of	T.	chebula	
	
5.1.3	Filtration	
In	order	to	further	purify	the	extract,	and	possibly	allow	
for	better	separation	the	sonicated	extract	was	filtered	
twice	using	filter	paper	and	separation	funnel.	Figure	7	
and	8	show	the	initial	and	final	filtered	extracts.		
5.1.4	Mobile	Phase	Optimization	
The	solvent	system	is	called	the	mobile	phase	in	TLC.		This	
solvent	 system	 (constituents	 and	 their	 ratio)	 has	 to	 be	
optimized	 for	 a	 particular	 TLC	 system	 and	 this	
optimization	is	done	experimentally.	The	plate	used	in	this	
TLC	 was	 1.5	 x	 2	 x	 7	 cm.	 	After	 a	 rough	 extraction	 of	 T.	
chebula,	 experiments	 were	 undertaken	 to	 find	 this	 ideal	
solvent	 system.	 Given	 there	 was	 limited	 prior	 work	 in	
solvent	mixture	studies	for	T.	chebula7,	additional	mobile	
phases	 were	 experimented	 with	 in	 order	 to	 arrive	 at	 an	
optimum	one.	These	are	 listed	 in	table	1.	Five	trials	were	
done	 for	 each	 mobile	 phase.	 	Representative	 plates	

photographed	 under	 Ultraviolet	 light	 (UV)	 is	 shown	 in	 the	
Figure	 9.	 	Figure	 9a	 shows	 an	 example	 of	 a	 TLC	 plate	 with	 a	
mobile	phase	 (Toluene:	Ethyl	Acetate:	Formic	Acid:	Methanol	
(6:6:1.8:0.25)	 that	 has	 poor	 clarity	 and	 weak	
separation.	 	Figure	9b	 shows	 the	TLC	plate	 for	Ethyl	Acetate:	
Toluene:	Formic	Acid:	Acetic	Acid:	Water	(6:3:0.5:0.5)	system.	
While	 it	 shows	 general	 separation,	 the	 spot	 clarity	 is	 not	 as	
good	as	 figure	9c,	 that	 illustrates	 the	most	optimal	 system	–	
Ethyl	Acetate:	Formic	Acid:	Acetic	Acid:	Water	(10:1.1:1.1:0.6)	
for	TLC	characterization	of	T.	chebula.	

	
	 Mobile	Phase	Constituents	 Ratio	(mL)	
1	 Toluene:	Ethyl	Acetate:	Formic	Acid:	

Methanol	
(6:6:1.8:0.25)	

2	 Toluene:	Acetone:	Glacial	Acetic	Acid	 (3:1:2)	
3	 Toluene:	Ethyl	Acetate:	Formic	Acid:	

Methanol	
(4.3:4.3:1.2:0.3)	

4	 Toluene	Ethyl	Acetate:	Formic	Acid	 (5:4:1)	
5	 Ethanol:	Glacial	Acetic	Acid:	Toluene	 (5.5:1:1.5)	
6	 Ethyl	Acetate:	Formic	Acid:	Acetic	Acid:	

Water	
(10:1.1:1.1:0.6)	

7	 Ethyl	Acetate:	Toluene:	Formic	Acid:	
Acetic	Acid:	Water	

(8:2:1.1:1.1:0.6)	

8	 Ethyl	Acetate:	Toluene:	Formic	Acid:	
Water	

(6:3:0.5:0.5)	

Table	1:	Mobile	Phases	Used	for	T.	chebula		
	

		 			 	
(a)	 	 	(b)	 	 				(c)		
Figure	9:	TLC	Plate	for	representative	mobile	systems	
(a)	Ethyl	Acetate:	Formic	Acid:	Methanol	(6:6:1.8:0.25)-	
Example	of	poor	solvent	system,	unable	to	determine	results	
(b)	Ethyl	Acetate:	Toluene:	Formic	Acid:	Acetic	Acid:	Water	
(6:3:0.5:0.5)-	Example	of	clearer	spot	formation,	still	not	clear	
enough	for	determinative	results	
(c)	Ethyl	Acetate:	Formic	Acid:	Acetic	Acid:	Water	
(10:1.1:1.1:0.6)-	Optimized	TLC	system,	clear	spot	formation	
	
5.2	Extraction	and	Analysis	of	Q.	alba		
The	bark	of	Q.	alba	was	pulverized	using	a	commercially	
available	mixer	(Preethi)	and	water	was	added	to	it.		Multiple	
extraction	techniques	were	explored	to	optimize	the	
extraction	process.		These	are	detailed	in	the	section	below.		
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5.2.1			Sonicated	Extract	Procedure	
5	grams	of	Q.	alba	bark	was	measured	and	placed	in	two	
different	tubes	by	using	the	weighing	scale	(4.9002	g,	5.0055	
g).	20	mL	of	water	was	added	to	both	extracts	and	then	
sonicated	for	5	and	10	min	respectively.	Figure	10	represents	
these	samples.		
	

	
	
Figure	10:	Sonicated	for	5	min	and	10	min	Q.	alba	Aqueous	
Extracts	
Figure	11:	Microwave	Q.	alba	Extract	
	
5.2.2	Microwaved	Extract	Procedure	
Microwave	extraction	technique	was	also	explored.		5	grams	
of	Q.	alba	were	placed	with	20	mL	of	water	and	ran	for	5	min.	
Figure	11	shows	the	extracted	product.	
5.2.3	TLC	Procedure:	Mobile	Phase	Optimization	
There	was	no	prior	work	or	literature	in	mobile	phase	
optimization	of	Q.	alba	extracts.		The	various	mobile	systems	
utilized	in	this	study	are	shown	in	Table	2.		Three	different	
extracts	(5	min	sonication,	10	min	sonication	and	microwave)	
were	run	on	TLC	with	multiple	mobile	phases	shown	in	table	
2.		The	microwave	extract	samples	did	not	separate.	The	5	and	
10	min	sonication	did	show	separation,	although	after	5	min	
the	separation	seemed	to	be	a	better	method.	Figure	12	
shows	photographs	of	the	TLC	plate	under	ultraviolet	light.	
The	top	three	lines	represents	Ethyl	Acetate:	Formic	Acid:	
Acetic	Acid:	Water	(10:1.1:1.1:0.6)	as	the	mobile	phase	with	
various	samples.	The	bottom	three	lines	represent	Toluene:	
Ethyl	Acetate:	Hexane:	Methanol:	Water:	Formic	Acid	
(3:3:2:1:0.5:0.5)	as	the	mobile	phase.	The	Ethyl	acetate:	
Formic	Acid:	Acetic	Acid:	Water	(10:1.1:1.1:0.6)	was	found	to	
be	the	optimal	mobile	phase	for	TLC	of	Q.	alba.	

	
	

1	 Methanol:	Water:	Acetic	Acid	 (0.1:8.9:1)	
2	 Ethyl	Acetate:	Formic	Acid:	Acetic	Acid:	

Water	
(10:1.1:1.1:0.6)	

3		 Toluene:	Ethyl	Acetate:	Hexane:	
Methanol:	Water:	Formic	Acid	

(3:3:2:1:0.5:0.5)	

Table	2:	Mobile	Phases	Used	for	Q.	alba	
	
	

	
	
					(1a)			(1b)			(1c)	 	(2a)			(2b)			(2c)	
Figure12:	TLC	Plates	for	representative	mobile	systems	
(1)	 Ethyl	 Acetate:	 Formic	 Acid:	 Acetic	 Acid:	 Water	
(10:1.1:1.1:0.6);	 (a)	 10	 min	 sonication,	 (b)	 5	 min	
sonication,	and	(c)	Microwave		
(2)	 Toluene:	 Ethyl	 Acetate:	 Hexane:	 Methanol:	 Water:	
Formic	Acid	 (3:3:2:1:0.5:0.5);	 	(a)	10	min	sonication,	 (b)	5	
min	sonication,	and	(c)	Microwave		
	
6.0	Discussion	
The	process	for	the	TLC	characterization	of	T.	chebula	and	
Q.	 alba	 was	 studied	 and	 optimized.	 	From	 Figures	 9	 and	
12,	one	found	that	the	separated	constituents	in	both	the	
TLCs	were	at	the	same	location	on	the	plate.	The	solvent	
front	 was	 also	 at	 the	 same	 location	 in	 both	 cases	
indicating	 the	 Rf	 values	 could	 be	 similar.	 		Rf	 values,	 the	
ratios	 between	 the	 amount	 of	 distance	 the	 constituent	
traveled	 to	 the	 distance	 the	 solvent	 front	 traveled	 were	
calculated	to	be	0.64	and	0.65	for	T.	chebula	and	Q.	alba,	
respectively.	In	most	cases,	if	the	Rf	values	were	different	
that	 would	 represent	 a	 clear	 confirmation	 of	 different	
compounds7.	 However,	 while	 similar	 Rf	 values	 based	 on	
tests	 run	 under	 identical	 conditions	 would	 strongly	
indicate	similar	constituents,	additional	confirmatory	tests	
would	be	 required.9	 In	this	work	 it	was	found	that	the	Rf	
values	 of	T.	 chebula	 and	Q.	 alba	were	 almost	 the	 same,	
strongly	 indicating	 the	 presence	 of	 similar	 compounds7,	
warranting	 further	 confirmation	 through	 analytical	
techniques	 such	 as	 	FT-IR,	 Raman,	 NMR	 or	 Mass	
Spectroscopy.	
Possible	sources	of	error	in	the	work	include	inaccuracy	in	
human	spotting	on	the	stationary	phase/TLC	plate,	as	well	
as	 in	 U.V.	 analysis/measurement.	 Machine	 spotting	 was	
identified	to	be	one	key	improvement	area.	
In	 this	 study,	 for	 the	 first	 time,	 the	mobile	 phases	 of	Q.	
alba	were	extracted	and	characterized	through	Thin	Layer	
Chromatography	as	well	as	compared	with	T.	chebula.	The	
TLC	 results	 from	 the	 two	 species	 were	 very	 similar	
strongly	 indicating	 that	 they	 may	 have	 similar	
compounds.	 	Results	 from	 this	 work	 demands	 further	
confirmation	with	other	spectroscopic	methods	as	well	as	
characterization	 of	 Q.	 alba’s	 anti-bacterial	 and	 	anti-
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microbial	 properties.	 	Further	 research	 would	 involve	
utilizing	 a	 comparative	microbial	 lab	 study	 of	T.	 chebula	
and	Q.	alba	in	order	to	support	our	claims	as	well	as	pave	
the	way	 towards	 the	development	of	a	new	natural	oral	
care	product	based	on	Q.	alba.	
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“Although it is hard to create the situation of Twin Paradox practically, some natural as well as 
experimental consequence proves its definite possibility. The practical existence of this theoretical 
phenomenon only exaggerates that there must be a definite solution to this inconvenience. In this 
present study, we try to solve this Paradox and show that both of the Twins in the Paradox are 
concluding the truth. We will show that the Twins will never find any inconvenience during one’s 
journey.” 

 

T W I N   P A R A D O X 
 And Special Theory of Relativity  

He	published	his	3	papers	in	Annalen	der	Physik	(AdP),	
one	of	the	leading	science	journals	of	his	time,	at	the	age	
of	26.	Biologist	Robert	Brown	had	observed	living	particle	
like	motion	among	the	pollen	grains	in	fluid.	Einstein	
explained	the	reason	behind	this	phenomenon.		
In	Photo-Electric	Effect,	Einstein	proposed	that	light	is	
composed	of	energy-packets	‘Photons’.	If	light	falls	on	a	
metal,	then	each	free	electron	of	the	metal	absorbs	
maximum	of	each	packet.	After	absorbing,	if	it	becomes	
‘eligible’,	then	it	leaves	the	metal-surface.	In	this	process,	
no	delay	of	time	occurs.	The	equation	that	we	have	is:	
Emax=	hv	–	work	function.	Laws	of	the	Classical	Physics	
were	unable	to	explain	this	phenomenon.		
In	Theory	of	Special	Relativity,	Einstein	proposed	2	
postulates.	They	are:	
	(i)	The	laws	of	Physics	are	indifferent	in	all	inertial	
reference	frames.	
	(ii)	The	speed	of	light	in	vacuum	is	constant.	It	is	
unaffected	to	motion	of	source	or	observer.		
Einstein	showed	how	difference	in	measurements	of	
Space	and	Time	may	occur	due	to	relativity	in	motion.	
Unlike	Theory	of	General	Relativity	(1916),	which	deals	
with	accelerating	frames,	Theory	of	Special	Relativity	
deals	with	inertial	reference	frames.		
	
Time	Dilation	Equation	is	derived	from	Einstein’s	Special	
Theory	of	Relativity.	The	equation	is	as	follows:	

Let	in	a	particular	frame	of	reference,	two	events	occur	in	

KEYWORDS:		Paradox,	Time-Dilation,	Length-Contraction,	
Relative	Time,	Simultaneity.	
	
INTRODUCTION:	
What	is	a	“Paradox”?	Why	the	Twin	Paradox	is	said	to	be	a	
"Paradox"?	Is	Twin	Paradox	is	really	a	“Paradox”?	

Literally,	“Paradox”	is	the	inconvenience	that	we	face.	Let	us	
consider,	a	well-known	event	from	the	well-known	hollywood	
movie	Inception.	The	protagonist	is	running	upstairs	and	the	
villain	is	chasing	him	from	behind.	We,	the	audience,	know	
that	the	protagonist	is	running	before	the	villain	and	is	having	
the	disadvantage.	However,	after	some	times,	we	see	the	
protagonist	is	somehow	behind	the	villain	and	beats	him	up.	
The	whole	thing	happened	as	if	they	travelled	in	a	circular	
track,	however	they	were	going	upstairs	all	the	time.	And	by	
going	upstairs,	the	protagonist	should	not	arise	behind	the	
villain.	Here,	the	whole	incident	is	a	paradox	

In	1905,	Albert	Einstein	published	three	of	his	papers	in	
Annalen	der	Physik.	These	are:	

i. Explanation	to	Brownian	Motion,	
ii. Photo-Electric	Effect,	and	
iii. The	Special	Theory	of	Relativity.	
	

By:	Khabbab	Zakaria,	Zubayr	Khalid	
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a	same	point	in	space.	The	time	interval	between	the	two	
events	as	measured	by	an	observer	at	rest	in	the	same	

frame	is .	Then	he	will	conclude	that	an	another	
observer	in	second	reference	frame	moving	with	constant	
speed	v	relative	to	the	frame	of	reference,	will	measure	

time	interval	of	 .1	

Now,	let	us	study	what	the	Twin	Paradox	is.	

TWIN	PARADOX	is	said	to	be,	“A	longer	life,	but	it	will	not	
seem	longer”2	.	

This	Paradox	involves	two	identical	clocks,	one	of	them	is	
kept	on	Earth,	and	the	other	one	is	brought	to	a	journey	
with	a	speed	very	near	to	‘c’,	and	then	is	brought	back	to	
Earth.	We	can	replace	them	with	two	biological	clocks,	say	
twins	George	and	Fred.	It	is	assumed	that	we	have	made	a	
spacecraft	which	can	move	with	velocity	very	near	to	that	
of	light	in	vacuum.	George	goes	on	a	voyage	with	the	
spacecraft	with	a	high	velocity	and	Fred	stays	on	Earth.	Let	
us	assume,	George	travels	with	v=	0.99995c.			

Then,	putting	v=0.99995c	in	 give	us,[1-	(v/c)2]1/2=	1	
x	10-2=	1%.	

This	implies	that	Fred	finds	that,	for	every	100	beats	of	his	

heart,	George’s	heart	beats	only	once.	Similarly,	for	every	
100	ticks	of	Fred’s	wristwatch,	George’s	wristwatch	ticks	
only	once.		That	is,	by	the	time	Fred’s	heart	beats	100	times,	
George’s	heart	beats	only	one	time.	By	the	time	George	
watches	Interstellar	once,	Fred	would	have	watched	it	100	
times	consecutively.	
	
So,	by	the	time	George	travels	for	1	year	and	then	returns	
back	to	Earth,	Fred	will	have	spent	100	years	of	his	life.		
	
Now,	why	is	this	a	“Paradox”?		

1.	For	more	illustrations,	see	Young	and	Freedman,	2013.	

2.	For	more	illustrations,	see	Beiser,	1997.				

A	fundamental	law	of	Physics	is	the	law	of	Equivalence	of	
Reference	Frames.	This	law	states	that,	All	inertial	reference	
frames	are	equivalent.	Here,	the	reference	frame	of	George	
is	inertial	with	respect	to	Fred	as	George	is	not	moving	with	
acceleration	with	respect	to	Fred.	So,	we	can	see	the	entire	
problem	from	George’s	frame	of	reference	too.	
When	seeing	the	problem	from	George’s	reference	frame,	
Fred	is	moving	with	v=0.99995c.	So,	George	should	find	
that,	Fred’s	heart	will	beat	slower	than	his.	Now,	he	
concludes	that	he	will	be	older	than	Fred	when	they	meet	
again.	

TW
IN

 P
A

RA
D

O
X The	Twin	Paradox	

involves	two	
identical	clocks.	
One	kept	on	Earth,	
and	the	other	
brought	on	a	
journey	across	
space.	
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The	Paradox	is	that,	both	the	twins	are	concluding	the	
opposite	to	the	other.		
The	first	postulate	of	Special	Theory	of	Relativity	states	that:	
The	laws	of	Physics	are	same	in	all	inertial	reference	frames.	
The	Paradox	here	contradicts	this	postulate.	
A	solution	to	this	Paradox	has	been	made	by	earlier	scientists.	
The	two	situations	(one	is	George	travelling	with	respect	to	
Fred;	other	is	Fred	travelling	with	respect	to	George),	which	
were	once	thought	to	be	equivalent	or	similar,	are	not	
equivalent	at	all.	The	solution	states:	George	is	not	in	inertial	
frame	at	all.	This	is	because,	George	has	to	start	with	
acceleration,	turn	around	during	the	round-trip	and	at	last	
retard	in	order	to	come	to	rest	and	check	who	is	younger.	So,	
the	Time	Dilation	Equation	does	not	hold	for	George3.	
The	problem	with	the	solution,	however,	is	that	it	is	observed	
from	Fred’s	reference	frame.	But	if	we	see	the	problem	from	
George’s	reference	frame,	then	Fred,	along	with	the	Rest	of	
Universe,	starts	at	first	with	acceleration,	turn	at	the	middle	of	
journey	and	at	last	retards	to	stop.	So,	from	George’s	
reference	frame,	Fred’s	frame	is	non-inertial	too.	So,	Time-
Dilation		
Equation	should	not	hold	for	Fred’s	frame	too	if	it	does	not	
hold	for	George’s	frame.	Otherwise,		
it	again	violates	the	equivalence	of	reference	frame.	
	
Another	solution	to	this	Paradox	has	been	made	by	using	the	
Length	Contraction	Equation.		We	have	Einstein’s	this	
Equation	as	follows:	
	

	
	

The	solution	states	that,	the	length	of	the	path	travels	by	
George	contracts	with	respect	to	himself.	If	the	total	length	of	
the	path	of	travel,	measured	from	Earth	(or	as		measured	by	
Fred)	is	L0,	then,	from	George’s	frame,	it	is	(L0/100).	From	
George’s	frame,	Fred	is	moving	with	V=0.99995c	and	the	path	
traversed	by	Fred	is	(L0/100).	So,	the	time	required	for	Fred	to	
travel,	as	measured	by	George,	is	L0/(100xV).	However,	from	
Fred’s	frame,	the	length	of	the	path	is	still	L0,	and	from	his	
frame,	George	is	moving	with	V=0.99995c.	So,	the	time	
required	for	George	to	travel,	as	measured	by	Fred,	is	(L0/V)	
which	is	100	times	higher	than	that	measured	by	George.		

3.	For	more	illustrations,	see	Beiser,	1997.				

This	solution	does	solve	the	Twin	Paradox	however	it	fails	to	
solve	another	Paradox.	Einstein	predicted	that	moving	clock	
runs	slower	with	respect	to	stationary	one.	This	Paradox	is	not	
solved	by	the	former	solution.	
	 In	this	present	study,	we	will	try	to	find	out	a	solution	
which	solves	Twin	Paradox	as	well	as	explains	why	moving	
clock	runs	slower	than	a	stationary	clock.	
	
	

	
	
WORK:	
We	introduce	a	thought-experiment	of	ours,	which	is	as	
follows:	
Let	us	imagine,	our	brave	heart	Maria,	is	going	for	a	time-
travel.	We	have	built	a	time	machine,	which	can	move	with	
v=0.99995c.	Maria	starts	the	engine,	the	time-machine	starts	
moving	and	reach	to	a	velocity	v=0.99995c.	Thus,	Maria	travels	
across	time.		
Now,	the	assumptions	of	the	thought-experiment	are	as	
follows:	
	
	(i)We	consider	there	are	two	frames	in	the	entire	universe,	for	
simplicity.	One	is	the	Time-Machine	with	Maria,	and	other	is	
Rest	of	Universe.	
	(ii)	Maria	starts	the	engine	and	reaches	to	velocity	v=0.99995c	
from	v=0	in	no	time.	During	the	entire	journey,	she	travels	
with	constant	velocity	v.	And	at	the	end	of	the	journey,	she	
instantly	stops	from	v=0.99995c	to	v=0.	
	
In	a	3-dimension	problem	of	kinematics,	we	often	have	to	find	
out	relative	position,	relative	velocity	and	relative	
acceleration.	In	these	cases,	we	have	to	consider	the	position,	
velocity	and	acceleration	of	the	origin	as	standards.	Then	we	
find	the	relative	position,	relative	velocity	and	relative	
acceleration	of	a	body	with	respect	to	that	of	the	origin.	
	
The	case	of	the	present	study	includes	4	dimensions.	So,	in	this	
4-d	plane,	we	have	to	take	all	of	the	4	coordinates	of	the	origin	
as	standards.	And	then,	we	can	find	relative	position,	relative	
velocity,	relative	acceleration	and	relative	time	of	a	body	with	
respect	to	the	origin.		
	
How	to	consider	the	‘time’	coordinate	of	the	origin	as	a	
standard?	It	is	similar	to	taking	the	other	three	coordinates	as	
standards.	At	any	instant	when	we	are	going	to	find	the	
relative	time	of	an	event	with	respect	to	origin,	we	have	to	
take	as	if	the	origin	is	in	‘Present’.	Then,	we	can	find	whether	
the	event	is	in	‘Past’	or	in	‘Future’	with	respect	to	the	time	of	
origin	and	by	how	much	time	it	is	leading	or	lagging.	
	
Let	us	take	an	example.	Suppose,	we	have	to	find	the	relative	
time	of	an	event	with	respect	to	our	time.	So,	our	time	is	
‘Present’.	And,	we	can	now	find	the	relative	time	of	the	event	
with	respect	to	us.	Now	suppose,	100	years	have	passed	since	
this	measurement.	Now	it	is	year	2115.	We	again	are	going	to	
measure	the	event’s	or	another	event’s	relative	time	with	
respect	to	our	time.	So,	now,	we	have	to	consider	this	
moment	of	2115	as	the	‘Present’.	
	
	
	
	
	
	



	 15	N H S J S    S U M M E R    2 0 1 6 

	
	
The	above	figure	is	when	we	have	to	find	the	relative	time	of	
Maria	with	respect	to	ours.	Similar	figure	can	be	drawn	for	
finding	the	Rest	of	Universe’s	time	with	respect	to	Maria’s.		
	 	
Now,	if	Maria	travels	with	velocity	v=0.99995c	with	respect	to	
us,	then	what	will	happen?		Will	Maria	travel	in	time?	
	 	
From	the	Time-Dilation	Equation,	we	know	that	Maria	should	
travel	in	time	with	respect	to	us.	We	also	have	our	practical	
proof	in	support	of	it.	The	Neutrinos4	in	the	Large	Hadron	
Collider5	are	time-travelers.	When	they	are	at	rest	with	
respect	to	observer,	their	lifetime	is	so	small	that	human-
made	machine	cannot	detect	them.	However,	when	they	are	
travelling	with	very	high	speed	within	LHC,	according	to	Time-
Dilation	Equation,	their	lifetime	increases	with	respect	to	us.	
And,	then	we	can	detect	them.		
Similar	thing	happens	for	the	Muons6.	Naturally,	Muons	are	
formed	high	above	from	the	sea-level,	because	of	the	
collisions	between	cosmic	rays	and	atmosphere.	But,	Muons	
are	found	in	the	sea-level	too.	This	can	only	happen	if	they	
travel	to	sea	level.	But,	Muons	have	decay	time	of	about	
2.2x10-6	and	they	travel	with	approximately	v=0.998c.	Then,	
from	simple	calculations,	they	can	travel	a	maximum	distance	
of	d=vt=	(0.998x3x108x2.2x10-6x10-3)	km	
=	0.66	km,	much	low.	
But,	as	they	are	travelling	with	v=0.998c	with	respect	to	us,	so	
according	to	Time-Dilation	Equation,	their	life-time	becomes:	
t=	2.2x10-6/	(1-0.996)1/2=	34.8x10-6.		
Now,	d=	vt=	(0.998x3x108x34.8x10-6x10-3)	km	=	10.4	km.	
Here,	with	respect	to	the	observer,	the	Muons	are	time-
travelers.	So,	if	Maria	travels	with	v=0.99995c	with	respect	to	
us,	she	also	travels	in	time	with	respect	to	us.		
	
4.	Neutrino	is	an	electrically	neutral	elementary	particle	with	
half-spin.	Theoretically,	it	seems	to	be	massless,	but	evidences	

are	there	to	show	that	it	has	mass,	no	matter	how	small	the	
mass	can	be.	Neutrino	is	lepton,	like	charged	electron,	muon	
and	tau.	Neutrino	is	uncharged,	so	is	unaffected	to	Electro-
magnetic	force.	It	is	lepton,	so	is	not	affected	by	Strong-Force.	
It	is	affected	only	by	Weak-Force	and	Gravity.	However,	weak-
force	is	low-ranged	and	gravity	is	weak	for	subatomic	
particles.	So,	Neutrino	typically	can	pass	through	our	bodies,	
and	is	not	detected.	For	this	strange	nature,	it	is	also	said	
“Ghost-Particle”.	In	LHC,	it	travels	with	very	high	speed	and	is	
said	to	travel	in	time.		

5.	LHC,	world’s	largest	and	most	powerful	particle	collider,	is	
undoubtedly	the	most	complex	lab	ever	built.	It	was	built	from	
1998	to	2008.	It	runs	from	CERN,	near	Geneva	of	Switzerland,	
to	Sasso	of	Italy.	The	aim	of	it	is	to	test	different	proposals	of	
Particle	Physics	and	High-Energy	Physics,	especially	to	find	the	
existence	of	Higgs-Bosons.	This	is	the	particle	which	is	said	to	
be	the	reason	behind	matters	having	‘mass’.	

6.	Muon	is	elementary	particle,	with	charge	of	-1e,	like	
electron,	and	spin	½.	Its	mass	is	105.7	MeV/c2.		It	is	a	lepton,	
like	electron,	tau	and	neutrino.						

Now	the	question	is,	will	Maria	go	back	in	time	or	forth	in	
time?		
To	answer	this	question,	we	have	to	see	the	problem	first	from	
our	reference	frame,	then	from	Maria’s	reference	frame.	So,	
now	the	question	is,	will	Maria	go	back	in	time	or	forth	in	time	
with	respect	to	us?	
	
We	have	our	time	dilation	equation:	

	

Let	us	take	an	interval	as	'the	interval	when	the	second	hand	



	 16	N H S J S    S U M M E R    2 0 1 6 

	

of	a	clock	ticks	for	once,	that	is	1	second	in	a	particular	frame	
of	reference.'		

Then,	putting	v=0.99995c	in	[1-	(v/c)2]1/2give	us,	
[1-	(v/c)2]1/2=	1	x	10-2=	1%.	
	

In	this	case,	Maria	is	in	motion	with	respect	to	us.	So,	for	every	
100	ticks	of	the	second	hand	of	our	clocks,	Maria’s	clock’s	
second	hand	ticks	only	once.	So,	our	100	seconds	is	equivalent	
to	her	1	second.	Thus,	her	biological	clock	is	also	slowing	down	
and	she	is	aging	less	than	us.		

Now,	from	our	reference	frame,	Maria	is	travelling	for	the	
same	years	that	we	spend	(here	it	is100	years).	So,	while	
travelling,	if	her	time	goes	forth	with	respect	to	our	time,	then	
at	the	end	of	voyage	she	would	age	more	than	us	(100+x	
years;	if	v=0.99995c	then	x=99	years).	And,	if	her	time	goes	
back	with	respect	to	our	time,	while	travelling,	then	at	the	end	
of	voyage	she	would	end	aging	less	than	us	(100-x	years).		

This	implies	that,	with	respect	to	our	time,	Maria’s	time	is	
going	to	‘Past’	while	she	travels.		

Now,	let	us	study	what	is	seen	where	Maria	is	going,	when	
seen	from	Maria’s	reference	frame.	From	the	theory	of	
equivalence	of	reference	frame,	Maria	should	see	that	the	
Rest	of	Universe	is	travelling	in	time.	With	respect	to	her	time,	
the	time	of	Rest	of	Universe	should	go	to	‘Past’.	So,	every	
artificial	and	biological	clock	of	the	Rest	of	Universe	will	go	to	
‘Past’	with	respect	to	Maria.	Now,	the	question	is	who	will	end	
up	as	older.	

Now,	let	us	study	the	following	figure.	

	

It	appears	from	the	above	figure	that	before	the	start	of	the	
voyage,	Maria’s	time	and	the	Rest	of	Universe’s	time	
overlapse.	However,	when	the	voyage	starts,	Rest	of	
Universe’s	time	is	going	to	‘Past’	with	respect	to	Maria’s	time.	
So,	Maria’s	time	is	going	to	‘Future’	with	respect	to	Rest	of	
Universe’s	time.		

If	we	see	from	Maria’s	frame,	her	time	is	‘Present’	at	every	
instant.	So,	Maria	will	conclude	that,	the	Rest	of	Universe’s	
‘Present’	is	her	‘Present’	and	their	‘Present’s	would	over	lapse	
all	the	time	if	there	were	no	voyage	of	the	Rest	of	Universe.	
Their	‘Presents’	overlap	until	Rest	of	Universe	starts	its	
voyage.	After	the	moment,	Rest	of	Universe’s	time	is	going	to	
‘Past’	with	respect	to	Maria’s	time-	Present.	So,	Rest	of	
Universe’s	time	is	going	to	‘Past’	of	itself.	Studying	the	above	

figure,	we	can	say,	so,	Maria	is	going	to	Rest	of	Universe’s	
‘Future’.	And,	as	she	will	conclude	that	she	is	‘Present’	now,	
so,	she	will	conclude	that	she	will	spend	1	year	(as	seen	from	
her	reference	frame)	whereas,	the	Rest	of	Universe	is	aging	as	
she	is	going	to	its	‘Future’.	

We	can	take	any	two	Frames	having	relative	velocity	between	
themselves,	and	apply	this	method.	
	

															 	

In	figure	above,	we	have	two	Frames	of	references.	At	(a),	
both	the	Frames	F	and	f	are	in	the	same	position	at	time	t=0.	

At	(b),	Frame	f	is	moving	with	velocity	v	relative	to	F.	

At	(c),	Frame	F	is	moving	with	velocity	-v	(as	it	is	in	the	
opposite	direction	to	v)	relative	to	f.	

Now,	each	of	the	Frames	travels	in	time	with	respect	to	other.	
Let	F	concludes	that	f	is	going	to	f's	Past	throughout	f's	
motion.	

Then,	f	will	conclude	that	f	is	going	to	F's	Future	throughout	F's	
motion.	This	is	equivalent	to	f’s	conclusion	of	F	is	going	to	F's	
Past	throughout	F's	motion.		

The	Observations:	

If	we	see	a	body	moving	(i.e.	the	body	is	moving	with	respect	
to	our	frame	of	reference),	we	will	conclude	that	its	time	is	
going	to	Past	with	respect	to	our	time.		

Anything,	from	a	celestial	body	moving	with	respect	to	us,	to	
the	trees,	houses	which	seem	to		move	when	we	travel	by	
train,	is	going	to	Past	with	respect	to	our	time.	

It	deserves	mention	that	the	proposition	revealed	out	from	
the	above	theoretical	construction	may	support	other	
conclusions	which	are	as	follows:	

	(i)	As	motion	is	relative,	so	going	to	Past	with	respect	to	the	
observer,	is	also	relative.	And,	thus,	there	is	no	absolute	Past,	
Present	or	Future,	but	actually	they	are	relative.	

	(ii)	From	our	conclusion	we	can	say	that	a	clock	moving	with	
respect	to	us,	is	going	to	Past	with	respect	to	us.	Einstein	had	
said	that	‘moving	clock	runs	slower’.	So,	there	must	be	a	link	in	
between	our	conclusion	and	Einstein's	conclusion.	Let	us	try	to	
find	it.	
Suppose,	t=0	is	the	initial	time.	We	are	looking	for	an	incident	
to	happen	at	t=t.	Let	us	say,	the	incident	is,	the	second-hand	
of	a	clock	ticks	for	once.	Now,	the	clock	is	moving	with	respect	
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to	us.	So,	it	is	going	back	in	time	every	instant	with	respect	to	
us.	So,	when	we	conclude,	after	watching	a	stationary	watch,	
say	our	wrist	watch,	that	one	tick(or	1	second)	has	happened,	
i.e.,	t=t	has	come,	the	moving	clock	still	does	not	reach	to	t=t.	
So,	its	second-hand	still	does	not	tick	for	once.	So,	the	moving	
clock	is	going	slow	with	respect	to	our	wrist-watch.	So,	the	
moving	clock	is	running	slower.	
	(iii)	Our	conclusion	supports	the	equivalent	nature	of	
Reference	Frames.	
	(iv)	An	another	Paradox	can	be	solved	by	our	method.	It	is	the	
Rocket	Warfare	Paradox7.	Consider,	two	identical	rockets	A	
and	B	of	respective	length	l0	in	their	respective	frames.	When	
seen	from	B’s	frame,	length	of	A	is	l0/k,	where	k=1/(1-v

2/c2).	
Similar	is	for	A’s	frame.	Consider	the	situation	when,	as	seen	
from	B,	a	missile	is	fired	to	A	from	B	when	tip	of	B	coincides	
with	tail	of	B.	In	this	case,	the	missile	misses	the	target	A.	

	

		

The	above	figure	is	viewed	from	B.	Now,	when	seen	from	A,	
the	missile		should	blast	A	up.		

Solution	to	this	paradox	is	Simultaneity.	We	used	a	concept	of	
Simultaneity	when	we	supposed	that	the	missile	was	launched	
when	tip	of	B	met	tail	of	A.	But	these	two	events	of	launching	
and	the	meeting	of	tip	of	B	to	tail	of	A	are	simultaneous	from	
B’s	frame.	But	they	were	not	simultaneous	from	A’s	frame.		

Now,	let	us	try	to	solve	it	using	the	conclusive	observation	of	
present	study.		

7.	For	more	illustrations,	see	Mani	and	Mehta,	2000.	

	
If	we	see	from	A’s	frame,	B’s	time	is	going	to	Past	with	respect	
to	A’s	time.	A’s	Present	and	B’s	Present	would	overlap	if	there	

were	no	relative	motion	between	them,	that	is,	no	time	
difference	would	occur	in	between	their	respective	
measurements.	So,	from	A’s	frame,	B’s	Present	is	A’s	Present	
and	B	is	going	to	Past	with	respect	to	B’s	Present.	

And,	if	we	see	from	B’s	frame,	B’s	Present	is	what	is	seen	from	
B’s	frame,	where	the	launching	of	missile	occurs	when	tip	of	B	
coincides	with	tail	of	A.	

So,	from	A’s	frame,	the	launching	of	missile	from	B	must	occur	
before	the	tip	of	B	coincides	with	tail	of	A.	Thus,	these	two	
events	are	not	simultaneous	from	A.			

We	can	find	how	the	time	of	one	reference	frame	increases	
while	of	second	frame	decreases,	that	is	one’s	time	is	going	to	
Past	and	other’s	is	going	to	Future,	with	the	help	of	Lorentz	
Transform.		

	

	Suppose,	there	are	frame-f	and	frame-F.	An	explosion	occurs	
as	shown.	Now,	our	concern	is	how	the	time	of	explosion	
changes	with	respect	to	f	and	F.		
At	any	instant,	we	can	imagine	a	frame	f*,	in	between	f	and	F,	
as	shown:												
	
																																												

									
Here,	mod(V)>	mod(v).		
So,	from	frame	f*,	velocity	of	frame	F	is	–v.	
And,	from	frame	f*,	velocity	of	frame	f	is	(V-v).					
	
From	Lorentz	Transform,	we	know,	t=k(t0	–	xv/c

2),	where	k=	(1	
–	v2/c2)-1/2.	
So,	from	frame	f*,	for	frame	f:	
tf	=		k[t0	–	x(V-v)/c

2]																																											
And,	from	frame	f*,	for	frame	F:	
tF	=k(t0	+	xv/c

2)	 	
And	k>=	1.	
So,	tf<	t0<	tF.		
So,	from	frame	f*,	frame	F’s	time	is	increasing,	however,	
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frame	f’s	time	is	decreasing.		
So,	with	respect	to	a	specific	time	t0,	f’s	time	is	going	to	Past,	
where	as	F’s	time	is	going	to	Future.		
Let	us	study	the	following	figure:	

	
In	this	case,	x	is	negative.	So,		
tF=	k(t0	-	xv/c

2)	
And	tf	=	k[t0	+	x(V-v)/c

2].					
So,	here	tF<	t0<	tf.	
So,	with	respect	to	a	specific	time	t0,	F’s	time	is	going	to	Past,	
where	as	f’s	time	is	going	to	Future.		
It	is	amazing	to	see	in	former	case,	f’s	time	was	going	to	Past,	
and	F’s	to	Future	whereas	in	second	case	the	vice	versa	
happens.	But	it	is	mostly	like	to	phenomena	when	we	run	
towards	the	finish	line	in	a	race.	As	we	move,	the	finish	line	
comes	closer	to	us.	But	as	we	touch	and	cross	it,	and	move	
further	ahead,	the	finish	line	goes	further	away.	Similarly,	as	
we	live,	we	go	closer	to	event	of	man	landing	on	Mars.	But	as	
we	will	land,	and	live	more,	we	will	be	going	further	away	from	
the	event.	
Thus,	we	see	how	the	time	of	one	frame	goes	to	Past	with	
respect	to	an	event,	where	as	the	time	of	other	frame	goes	
	 to	Future	with	respect	to	the	event.		
																									
Now	let	us	recall	the	paradox.	George	is	moving	with	
v=0.99995c	by	a	space	craft	while	Fred	remains	on	earth.	As	
both	of	them	see	the	other	moving,	so	both	may	to	conclude	
that,	after	they	meet	again,	the	other	one	will	be	younger.	

Now,	let	us	use	our	conclusion	of	the	thought-experiment	to	
this	Paradox.	We	can	assume	George	with	the	space-craft	as	
one	frame	and	Rest	of	Universe	with	Fred	as	the	other	frame.	
Now,	we	can	simply	imagine	George’s	frame	in	place	of	
Maria’s.		

George	travels	with	velocity	v=0.99995c,	as	seen	by	Fred,	i.e.	
George	is	in	motion	with	respect	to	Fred.	So,	Fred	will	
conclude	that	George	has	gone	to	Past,	as	we	conclude	for	
Maria.	Using	the	Time-Dilation	equation,	or	by	using	the	
conclusion	of	the	present	study,	he	will	conclude	that	George’s	
time	is	lagging	with	respect	to	his	time.	So,	George	will	end	up	
as	younger.	
George	will	see	everything	besides	himself	is	in	motion,	so	will	
conclude,	"Everything	besides	himself	is	going	back	in	time	
with	respect	to	him.	So,	he	himself	is	going	forth	of	the	Rest	of	
Universe’s	time.	So,	he	is	going	to	‘Future’	of	Fred.	So,	at	end	
of	voyage	he	will	see	‘Future’	Fred	–	that	is,	older	Fred.	
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Lipopolysaccharide-Induced Acute Inflammation in 
Mouse Lung 
By: Robert Lau 

1.0	Abstract	
1.1	Rationale	
Lipopolysaccharides	 (LPS)	 from	 gram-negative	 bacteria	 have	 the	
ability	 to	 induce	 immune	 responses	 in	 humans.	 The	 presence	 of	
cells,	such	as	macrophages	and	neutrophils,	as	well	as	production	

of	nitric	oxide	(NO)	is	increased	in	such	circumstances.	We	studied	
the	effects	that	LPS	has	on	pulmonary	function	in	mice,	to	serve	as	
a	basis	for	future	implementations	of	LPS	for	medical	treatment	of	
induced	inflammation	in	human	beings.	

1.2	Method	
Mice	underwent	tracheal	instillation	of	LPS.	Lungs	were	harvested	
on	 the	 third	 day	 post	 instillation.	 Cell	 analysis	 was	 performed	 by	
extracting	 broncho-alveolar	 lavage	 (BAL)	 solution	 and	 then	
performing	 hemacolour	 staining.	 Inducible	 nitric	 oxide	 synthase	
(iNOS)	expression	was	quantified	through	real-time	or	quantitative	
polymerase	chain	reaction	(qPCR).	
	
	
	
	
	
	
	
	
	
	
	

1.3	Results	
In	 LPS	 infected	 mouse	 lung,	 the	 presence	 of	 neutrophil	
(92%±4%	 vs.	 2%±3%,	 p<0.01)	 increased	 significantly	
compared	to	that	of	non-infected	mouse	lung.	In	addition,	
after	 normalization	 for	 the	 housekeeping	 gene	
hypoxanthine-guanine	 phosphoribosyltransferase	 (Hprt),	
there	was	a	significant	increase	(900±300	fold,	p<0.0005)		

				in	the	expression	iNOS	in	LPS			
														infected	mouse	lung	compared		
										 					with	non-infected	controls.		

	
1.4	Conclusions	
LPS	 induces	 acute	 inflammation	 in	
mouse	lung.	It	can	induce		
significant	increases	in	the		

							production	of	neutrophils	as	well	as		
		increase	iNOS	expression,	via	NO	or		

											oxidant	peroxynitrite	(ONOO-)	in	the		
						pathogenesis	of	LPS	induced	inflammation.		
	
	
	
	
2.0	Introduction	
The	 airways	 and	 lungs	 are	 frequent	 targets	 of	 infections	
such	 as	 acute	 bronchitis	 or	 pneumonia.	 Acute	
inflammation	 caused	 by	 bacteria	 can	 promote	 the	
mobilization	of	 large	white	blood	cells	(phagocytes)	to	an	
injured	 or	 infected	 area	 in	 order	 to	 kill	 extracellular	
bacteria.	One	well-established	stimulus	commonly	used	to	
recapitulate	clinical	aspects	of	lung	bacterial	inflammatory	
infection	 is	 the	 bacterial	 endotoxin	 –	 lipopolysaccharide	
(LPS).	LPS	from	many	gram-negative	bacteria	species	can	
initiate	 acute	 inflammatory	 responses	 in	 mammals	 and	
can	range	from	pyrexia	to	gram-negative	septic	shock	[1].	
LPS	elicits	multiple	pathological	 effects	 in	human	beings.	
For	 example,	 LPS	 can	activate	alveolar	macrophages	and	
bring	about	neutrophil	 infiltration	 resulting	 in	damage	of	
the	 lung	 tissue	 including	 the	 air–blood	 barrier	 [2].	 In	
addition,	LPS	 can	provoke	acute	 lung	 injury	 (ALI)	and	the	
acute	 respiratory	 distress	 syndrome	 (ARDS).	 Recent	
studies	 have	 also	 explored	 new	 respiratory	 defence	
mechanisms,	such	as	neutrophil	extracellular	traps	(NETs),	
by	instilling	LPS	into	the	respiratory	tract	and	lungs	[3].	
	
LPS	 are	 large	 molecules	 consisting	 of	 a	 lipid	 and	 a	

Figure	1	
The	Mouse,	Murinae	Mus,	
is	a	small	rodent	
that	is	native	
to	many	
parts	of	
the	world.		
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polysaccharide.	 These	 molecules	 are	 found	 in	 the	 outer	
membrane	of	Gram-negative	bacteria.	Acute	exposure	to	 LPS	
provokes	 the	 innate	 immune	 system,	 initiating	 a	 cascade	 of	
inflammatory	cell	influx	which	leads	to	an	increase	in	cytokine	
release	and	lung	injury	[4][5].	

The	 human	 innate	 immune	 system	 is	 comprised	 of	 various	
immune	cells	such	as	neutrophils	and	macrophages.	Both	cells	
can	 engulf	 and	 destroy	 pathogens,	 such	 as	 bacteria,	 through	
phagocytosis.	 Neutrophils	 are	 the	 most	 abundant	 (40%	 to	
75%)	 type	 of	white	 blood	 cells	in	 mammals	 and	 form	 an	
essential	part	of	the	 innate	immune	system.	They	are	formed	
from	stem	 cells	in	 the	bone	 marrow	 and	 are	 short-lived	 and	
highly	 motile.	 Macrophages	are	 found	 in	 essentially	 all	
tissues,	where	 they	 patrol	 for	
potential	pathogens	by	amoeboid	 movement.	 They	 play	 a	
critical	 role	 in	 non-specific	 defence	 and	 also	 help	 initiate	
specific	defence	mechanisms.	

When	 neutrophils	 and	 macrophages	 are	 activated,	 they	 can	
express	a	type	of	nitric	oxide	synthase	(NOS)	 called	 inducible	
nitric	oxide	synthase	(iNOS).	NOS	is	the	enzyme	that	catalyzes	
the	production	of	nitric	oxide	(NO)	by	metabolically	converting	
L-arginine	into	L-citrulline.	There	are	three	distinct	isoforms	of	
NOS	 which	 differ	 both	 in	 their	 structure	 and	 function.	
Endothelial	 NOS	 (eNOS)	 and	 neuronal	 NOS	 (nNOS)	 are	
generally	 referred	 to	 as	 constitutively	 expressed,	 calcium-
dependent	 enzymes.	 iNOS	 is	 calcium-independent	 and	
expressed	 at	 high	 levels	 only	 after	 induction	 by	 certain	
cytokines	 or	 other	 inflammatory	 agents.	 Activated	 iNOS	
produces	 large	amounts	of	NO	[6].	The	iNOS	product	 is	a	free	
radical	 with	 an	 unpaired	 electron,	 which	 is	 biologically	
cytotoxic	and	is	able	to	directly	kill	invading	bacteria.	

In	this	study,	LPS	was	instilled	into	mouse	trachea	and	lungs	to	
observe	 the	 acute	 inflammatory	 cell	 influx	 in	 the	 respiratory	
system	and	the	change	in	iNOS	expression.	The	purpose	of	this	
study	 is	 to	 strive	 to	 be	 a	 model	 for	 future	 research	 into	
medical	treatments	of	LPS	 induced	 inflammation	responses	in	
humans.	

3.0	Method	
3.1	Mice	Model	
Ten	 BALB/c	mice	were	 used	 for	 this	 study.	 Five	 BALB/c	mice	
were	injected	with	5µg	of	LPS	in	50µl	PBS	on	the	first	day.	Five	
non-LPS	injected	BALB/c	mice	were	used	as	the	control	group	
and	were	instead	injected	with	50µl	PBS.	For	instillation	of	LPS	
into	the	trachea,	mice	were	first	anaesthetized	with	ketamine	
(150	 mg/kg;	 Bioniche	 Animal	 Health,	 Toronto,	 ON,	 Canada)	
and	 xylazine	 (5mg/kg;	 Bioniche	 Animal	 Health,	 Toronto,	 ON,	
Canada)	solution,	which	were	 injected	 intraperitoneally.	Once	
the	mice	were	anaesthetized	(without	pedal	or	ocular	reflex),	
each	 mouse	 was	 instilled	 intratracheally	 with	 its	 respective	
inoculums	for	each	group.	The	mice	were	held	on	a	restraining	
board	at	 the	45◦	diagonal	position.	A	24	GA	BD	Angiocath	 IV	
catheter	 was	 inserted	 into	 trachea	 through	 the	 pharynx	 and	
between	 vocal	 cords	 for	 injection	 of	 the	 inoculums	 to	 the	
airways.	 Each	 mouse	 was	 instilled	 with	 5µg	 LPS	 in	 50µl	 PBS	
volume	 or	 50	 µl	 PBS.	 The	 body	 weight	 of	 each	 mouse	 was	

monitored:	one	day	pre-injection	and	every	day	post-infection	
for	 2	 days.	 After	 2	 days,	 the	 mice	 were	 sacrificed	 with	
ketamine	and	xylazine	injection.	Then	broncho-alveolar	lavage	
(BAL)	was	performed.	Lung	tissues	were	harvested	and	stored	
in	 liquid	 nitrogen	 immediately	 afterward.	 The	 tissues	 were	
then	 stored	 at	 -80ºC	 until	 further	 use.	 The	 animal	 care	
facility’s	 ethics	 committee	 approved	 all	 protocols	 involving	
mice	and	experiments	were	conducted	in	accordance	with	the	
guidelines	of	the	Canadian	Council	 for	Animal	Care.	All	buffer	
salts	 and	 reagents	 were	 obtained	 from	 Sigma-Aldrich	 unless	
otherwise	stated.	
	
3.2	BAL	and	Cell	Analysis	
After	 administration	 of	 ketamine	 and	 xylazine	 on	 day	 2	 with	
the	 intent	 of	 sacrificing	 the	 mice,	 a	 tracheotomy	 was	 then	
performed	for	each	mouse.	Tissue	was	dissected	from	neck	to	
expose	trachea	and	 small	 incisions	were	made	 in	the	trachea	
to	allow	passage	of	18	gauge	 lavage	tube.	Then	the	tube	was	
passed	 into	 the	 trachea	 and	 stabilized	 by	 using	 surgical	
sutures.	BAL	was	performed	with	1	ml	PBS	per	wash	using	1ml	
syringes.	 2	 washes	 were	 performed	 for	 each	mouse	 (I	 think	
you	should	use	less	“with”).	BAL	fluid	was	then	centrifuged	for	
10	min	at	400g	to	pellet	cells.	The	cells	were	then	resuspended	
in	 PBS	 buffer.	 Total	 cell	 count	 was	 performed	 by	 manual	
counting	 using	 a	 hemocytometer,	 and	 cytospin	 preparations	
were	 made	 for	 differential	 cell	 counts.	 For	 differential	 cell	
count,	cells	were	stained	with	a	Hemacolour	histology	staining	
kit	(EMD	Chemicals,	Gibbstown,	NJ).	Cell	types	were	quantified	
from	randomly	taken	images	of	cytospin	preparations.	At	least	
500	cells	were	counted	for	each	condition	for	analysis.		
	
3.3	RNA	Isolation	
Total	 RNA	 was	 extracted	 from	 mouse	 lung	 tissue	 samples.	
Lung	 tissue	 samples	 were	 homogenized	 in	 TRI	 reagent	 (TRI	
Reagent,	ThermoFisher	Scientific)	and	total	RNA	was	extracted	
according	to	the	manufacturer’s	protocol.	A	brief	overview	of	
the	protocol:	the	homogenate	was	centrifuged	at	12,000	g	for	
10	 minutes.	 The	 supernatant	 was	 collected	 and	 added	 with	
100µl	BCP	(3-Benzidino-6-(4-chlorophenyl)pyridazine)	per	1	ml	
of	 TRI	 reagent	 solution.	 Then	 the	 solution	 was	 shaken	
vigorously	for	15	seconds	and	incubated	at	room	temperature	
for	 10	 minutes.	 The	 homogenate	 with	 BCP	 was	 then	
centrifuged	at	12,000g	for	10	minutes	at	4◦C	and	the	aqueous	
phase	 was	 transferred	 to	 a	 fresh	 tube.	 The	 RNA	 pellet	 was	
recovered	by	precipitating	RNA	with	500	µl	isopropanol	per	1	
ml	of	TRI	 reagent	 solution	and	 centrifuged	at	12,000g	 for	 10	
minutes.	 The	 recovered	 RNA	 pellet	 was	 washed	 with	 75%	
ethanol.	Finally,	the	RNA	pellet	was	dissolved	in	the	nuclease-
free	 water.	 RNA	 quantity,	 purity	 were	 checked	 by	
spectrophotometry.	The	A260/	A280	values	in	all	RNA	samples	
were	between	 1.8	–	2.1.	RNA	 concentration	was	determined	
by	 the	 OD	 reading	 at	 260nm	 as	 given	 by	 the	 following	
conversion:	an	A260	of	1.0	is	equivalent	to	40	µg/mL	of	RNA.	
RNA	 integrity	 was	 checked	 by	 running	 the	 RNA	 on	 a	 1%	
standard	agarose	gel.	28S	and	18S	ribosomal	RNA	bands	were	
clearly	visible	in	all	RNA	samples.		
	
3.4	Reverse	transcription		
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Total	 RNA	 was	 reverse	 transcribed	 using	 Superscript	 III	 first-
strand	 synthesis	 supermix	 for	 qPCR	 (Invitrogen	 Canada).	 The	
first-Strand	 complementary	 DNA	 (cDNA)	 was	 synthesized	
according	to	the	manufacturer’s	protocol.	A	brief	overview	of	
the	protocol:	a	20	μL	cDNA	reaction	volume	was	prepared	by	
mixing	2X	reaction	mix	10µl,	reverse	transcription	enzyme	mix	
2	µl,	RNA	1	µg	and	DEPC	water	to	20ul.	Then,	reaction	mix	was	
incubated	 at	 25°C	 for	 10	minutes	 then	 50°C	 for	 30	minutes.	
The	 reaction	was	 terminated	at	85°C	at	5	minutes,	 and	 then	
chilled	 on	 ice.	 Finally,	 the	 remaining	 RNA	 was	 removed	 by	
adding	1µl	(2U)	of	E.	Coli	RNase	H	and	incubated	at	37°C	for	20	
minutes.	 The	 cDNA	 samples	 were	 then	 stored	 at	 -20°C	 until	
further	use.	
	
3.5	Real	Time	Polymerase	Chain	Reaction	(qPCR)	
Quantitative	 real	 time	PCR	amplification	was	performed	with	
primers	 in	 combination	 with	 SYBR	 green	 (Power	 SYBR	Green	
PCR	 master	 mix,	 Applied	 Biosystems)	 on	 an	 Applied	
Biosystems	 7900HT	 Real	 Time	 PCR	 System.	 Primer	 sets	 for	
sense	 (S)	 and	 antisense	 (AS)	 amplifications	 for	 the	 following	
genes	were	used:	for	inducible	nitric	oxide	synthase	(iNOS),	5’-	
GCCCCTGGAAGTTTCTCTTC	 -3’	 (S)	 and	 5’-	
GTCGATGTCACATGCAGCTT	 -3’	 (AS)	 and	 as	 endogenous	
control,	 for	 hypoxanthine	 guanine	 phosphoribosyltransferase	
(Hprt)	 5’-	 TGATCAGTCAACGGGGGACA	 -3’(S)	 and	 5’-	
TCCAACACTTCGAGAGGTCC	-3’(AS).		
	
All	PCR	protocols	included	a	10-minute	polymerase	activation	
step	 followed	 by	 40	 cycles	 consisting	 of	 a	 95°C	 denaturation	
for	15	seconds,	annealing	at	60°C	for	1	min,	and	an	elongation	
step	at	72°C	for	1	minute.	Dissociation	curve	and	agarose	gel	
electrophoresis	were	used	to	examine	each	sample	for	purity	
and	 specificity.	 	The	 amount	 of	 target	 gene	 and	 endogenous	
control	 was	 determined	 from	 the	 standard	 curve	 that	 was	
constructed	using	appropriate	dilution	series.		In	brief,	relative	
fold	 changes	 in	 target	 gene	 expression	were	 calculated	 from	
the	 efficiency	 of	 the	 qPCR	 reaction	 and	 the	 crossing	 point	
deviation	between	samples	from	LPS	 infected	mice	and	wild-
type	 littermate	 controls,	and	determined	by	normalization	to	
expression	of	the	reference	gene	Hprt,	as	previously	described	
[7].	
	
3.6	Statistical	analysis	
All	final	values	are	expressed	as	average	±	standard	deviation.	
For	comparison	between	two	groups,	the	student’s	t-test	was	
used	where	p	values	were	set	and	needed	to	be	at	0.05,	0.01,	
0.001	 or	 less	 in	 order	 to	 be	 statistically	 significant.	 All	
statistical	 analysis	 was	 performed	 using	 the	 appropriate	
respective	functions	in	Microsoft	Excel.	
	
4.0	Results	
It	 was	 observed	 that	 the	 body	 weight	 of	 control	 mice	
increased	slightly	throughout	the	experiment	duration,	which	
was	expected.	However,	the	body	weight	of	LPS	infected	mice	
decreased	 significantly	 in	 the	 two	 days	 after	 injection	 as	
shown	 in	 Figure	 1.	 On	 post-infection	 day	 1,	 mice	 lost	
(4.3±0.8)%	of	their	body	weight.	On	post-infection	day	2,	they	
lost	(6±2)%	of	their	original	body	weight.		

Fig	 1.	 Shows	 the	 weight	 change	 of	 control	 and	 LPS	 injected	
groups	 of	mice	 during	 the	 experiment	 from	 Day	 0	 to	 Day	 2	
with	respect	to	Day	-1	(before	experiment)	as	a	percentage.	

Seen	in	Figure	2,	cell	samples	taken	from	control	mice	have	a	
composition	of	almost	 entirely	macrophages	with	 little	 to	 no	
neutrophils.	 	Macrophages	 are	 large	 cells	 usually	 with	 one	
large	visible	nucleus.	However,	cell	samples	taken	through	BAL	
of	LPS	treated	mice	have	a	composition	of	mostly	neutrophils	
along	 with	 some	 macrophages.	 Neutrophils	 are	 small	 multi-
lobed	cell	connected	by	thin	strands	of	nuclear	material.		

4.2	Cell	Differentiation	in	Control	vs	BAL	of	LPS	Injected	Mouse	

	

Fig	 2.	 Comparison	 of	 cell	 slides.	 The	 left	 slide	 was	 taken	
through	BAL	from	the	control	 group	and	the	right	 slide	taken	
through	 BAL	 from	 the	 LPS	 injected	 mice	 group.	 Scale	 bar	
measures	50	µm	across.	

These	 results	 are	 also	 represented	 numerically	 in	 Figure	 3	
demonstrating	 a	 significant	 increase	 in	 the	 number	 of	
neutrophils	present	in	LPS	injected	mice	cell	samples.	

4.3	Total	Cell	Count	and	Cell	Differentiation	in	BAL	of	LPS	
Injected	Mouse	

		 Infected	×	104	
cells/mL	(%)	

Control	×	104	
cells/mL	(%)	

P-
value	

Total	cell	
count	

80000±47000	 1000±500	 0.01	

Macrophages	 4500±2700	(6±3)	 950±250	(96±3)	 0.02	

Neutrophils	 73000±46000	
(92±4)	

25±30	(2±3)	 0.01	

Fig	 3.	 Shows	 the	 number	 of	 cells,	 macrophages	 and	
neutrophils	per	mL	in	both	the	samples	taken	from	the	control	
group	and	the	LPS	injected	group	of	mice	as	well	as	their	t-test	
results	respectively.	

Figure	4	shows	the	amplification	plots	for	two	different	genes	
–	iNOS	(on	the	right)	and	Hprt	(on	the	left)	in	all	mouse	lung	
samples.	Rn	is	the	fluorescence	of	the	reporter	dye	divided	by	
the	fluorescence	of	a	passive	reference	dye;	in	this	study,	Rn	is	
the	SYBR	Green	signal	normalized	to	the	fluorescence	signal	of	
ROX™	[8].	ΔRn	is	Rn	subtract	the	baseline.	Figure	4	has	the	
ΔRn	plotted	against	the	PCR	cycle	number.	A	relative	measure	
of	the	concentration	of	target	in	the	qPCR	reaction	can	be	
indicated	by	Ct	(threshold	cycle),	which	is	the	intersection	
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between	an	amplification	curve	and	the	threshold	line.		In	the	
amplification	plot	of	iNOS	(right),	there	are	two	groups	of	
amplification	curves.	The	Ct	data	in	one	group	of	mice	was	
located	between	24~25,	which	were	from	LPS-infection	mice.	
However,	the	Ct	data	in	the	other	group	of	mice	was	located	
between	33~35,	which	were	from	PBS	control	mice.	So	the	
plot	shows	a	huge	difference	of	iNOS	concentration	between	
LPS	injection	mice	and	control	mice.	But	in	the	amplification	
plot	of	housekeeping	gene	Hprt,	there	is	no	difference	in	the	
amplification	curves	of	all	detected	mice,	which	means	LPS	
induced	iNOS	expression	specifically.			
	

4.4	Amplification	Plot	of	Hprt	versus	iNOS	in	LPS	Injected	
Mouse	

Fig	4.	Shows	the	amplification	plots	from	qPCR	of	a	
housekeeping	gene	Hprt,	shown	on	the	left,	and	iNOS,	shown	
on	the	right.	

	

Fig	 5.	 Shows	 the	 fold	 changes	 of	 iNOS	 mRNA	 expression	 in	
comparison	 to	 a	 housekeeping	 gene	 in	 LPS	 injected	 mouse	
lung	with	 respect	 to	 the	 control	mouse	 lung	calculated	using	
the	standard	curve	method	

As	 shown	 in	 Figure	 5,	 there	 is	 a	 significant	 900±300	 fold	
change	 increase	 in	 iNOS	expression	 in	 LPS	 injected	mice	 lung	
compared	to	control	mice	after	normalization	to	Hprt.	

5.0	Discussion	
Our	result	demonstrates	that	without	LPS	treatment,	the	BAL	
cells	from	control	mice	are	mainly	composed	of	macrophages	
with	little	to	no	measureable	composition	of	neutrophils.	The	
lavage	fluid	contained	(96±3)%	macrophages.	However,	2	days	
after	inducing	inflammation	of	the	trachea	and	lungs	with	LPS	,	
neutrophils	are	the	dominant	cell	type.	The	 lavage	fluid	taken	
from	 the	 LPS-injected	 mice	 contained	 (92±4)%	 neutrophils.	
Both	 neutrophils	 and	 macrophages	 are	 the	 first-line	 innate	
immune	 defence	 cells	 that	 are	 able	 to	 capture	 and	 kill	
microbial	 pathogens.	 Alveolar	 macrophages	 (AMs)	 and	
neutrophils	 are	 both	 phagocytic	 cells	 that	 can	 clean	 off	
particles	such	as	bacteria.		Furthermore,	activated	neutrophils	
can	generate	DNA-based	neutrophil	 extracellular	traps	(NETs)	
to	trap	and	kill	various	microbial	[3][9].	

Under	 normal	 circumstance,	 in	 the	 pulmonary	 immune	
system,	alveolar	macrophages	act	as	 the	 first	 line	of	defence	
against	 inhaled	particulates	and	pathogens,	 and	 they	play	 an	
essential	 role	 in	 both	 the	 initiation	 and	 orchestration	 of	
inflammatory	 responses.	 Thus,	 AMs	 are	 not	 only	 excellent	
phagocytes	 capable	 of	 removing	 particulates	 and	 pathogens	
from	 the	 airway,	 but	 they	 can	 also	 promote	 innate	 and	
adaptive	 immune	 responses	 [10].	 Even	 ambient	 air	 contains	
the	bacterial	endotoxin	LPS.	Every	time	we	take	a	breath,	we	
have	potential	 to	 inhale	 LPS	 in	to	our	 lungs	which	may	cause	
damage	 to	 the	 lung	 based	 on	 a	 pre-existing	 disease	 or	
condition	 in	 the	 body.	 In	 other	 words,	 we	 are	 involuntary	
primed	 by	 endotoxin	 [6][11].	 	Therefore,	 the	 AMs	 have	 a	
critical	 role	 in	 the	 host’s	 lung	 defence.	 AMs	 contribute	 to	
innate	 immunity	 in	 the	 lung	 by	 virtue	 of	 their	 ability	 to	
migrate,	 undergo	 phagocytosis,	 kill	 microorganisms,	 and	
recruit	 and	 activate	 other	 inflammatory	 cells.	 Macrophages	
also	 provide	 important	 links	 between	 innate	 and	 adaptive	
immunity,	 by	 Toll-like	 receptor	 mediated	 pathogen	
recognition	 that	 results	 in	 a	 release	 of	 cytokine	 capable	 of	
reprogramming	other	 innate	and	adaptive	immune	responses	
[12].	
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After	 intratracheal	exposure	to	 low	doses	(5µg)	of	LPS	for	48	
hours,	LPS	was	able	to	provoke	the	 innate	immune	system	to	
react	by	releasing	fighter	cells	such	as	AM,	initiating	a	cascade	
of	 inflammatory	 cell	 and	 neutrophils	 to	 influx	 into	 the	 lungs	
and	 trachea.	 The	 present	 study	 demonstrates	 that	
intratracheal	 LPS	 administration	 induces	 neutrophil	
recruitment	 into	airway	and	 lung	of	mice.	 In	 two	days,	 there	
was	 a	 significant	 neutrophil	 influx	 into	 the	 alveolar	 space,	
forming	a	predominantly	neutrophil	 filled	environment	 in	the	
BAL	fluid.	This	occurred	because	of	the	ability	of	LPS	to	serve	
as	a	ligand	for	Toll-like	receptor	4(TLR-4),	a	protein	in	humans	
responsible	 in	 the	 activation	 of	 the	 innate	 immune	 system	
when	 stimulated	 by	 LPS.	 Subsequently,	 this	 activated	 the	
transcription	of	the	major	neutrophil	chemokine	 interleukin	8	
(IL-8)	in	humans,	or	KC	and	MIP-2	(mouse	homologs	of	IL-8)	in	
mice	 [13].	 Besides,	 LPS,	 one	 of	 the	 major	 pro-inflammatory	
constituents	 of	 the	 cell	 walls	 of	 gram-negative	 bacteria,	
induces	 AMs	 to	 express	 interleukin-1	 (IL-1)	 and	 tumour	
necrosis	 factor	 (TNF).	 IL-1	 and	 TNF	 are	 important	 pro-
inflammatory	cytokines	and	known	to	 recruit	neutrophils	and	
mononuclear	inflammatory	cells	into	the	alveolar	space	[14].		

Intratracheal	 instillation	 of	 LPS	 resulted	 in	 a	 significant	
increase	 in	mRNA	expression	of	the	 inducible	isoform	of	NOS.	
In	 this	 study,	 only	 iNOS	 mRNA	 was	 particularly	 prominent	
among	 three	 isoforms	 of	 NOS.	 	The	 mRNA	 of	 the	 other	 two	
isoforms	 were	 not	 increased	 (results	 not	 shown),	 which	
indicated	 this	 isoform	 (iNOS)	 as	 a	 key	 enzyme	 for	 NO	
production	 in	 the	 infection.	 Thus,	 these	 results	 are	 in	
agreement	 with	 current	 studies	 [6].	 eNOS	 and	 nNOS	 are	
generally	calcium-dependent	enzymes	that	produce	low	levels	
of	NO	as	a	cell	signalling	molecule.	iNOS	is	involved	in	immune	
response,	 binds	 calmodulin	 at	 physiologically	 relevant	
concentrations,	 and	 produces	 NO	 as	 an	 immune	 defence	
mechanism.	 When	 LPS	 enters	 the	 trachea,	 it	 can	make	 cells	
such	 as	 macrophage,	 bronchial	 epithelium	 cells	 and	

neutrophils	 produce	 iNOS.	 Our	 observations	 suggest	 that	 at	
the	 peak	 of	 acute	 inflammation,	 most	 NOS	 activity	 could	 be	
attributed	 to	 iNOS	 in	 activated	 neutrophils.	 The	 inducible	
isoform	 iNOS	 produces	 large	 amounts	 of	 NO	 as	 a	 defence	
mechanism	 to	 kill	 the	 invading	 bacteria.	 	Thus,	 iNOS	 and	
respectively	 NO,	 are	 very	 important	 in	 the	 human	 body’s	
ability	to	defend	against	pathogen	[15][16].		

However,	 besides	 synthesizing	 NO,	 NOS	 are	 able	 to	 catalyze	
superoxide	anion	(O2-)	formation	especially	in	the	absence	of	
L-arginine.	 NOS	 are	 bi-domain	 enzymes	 that	 consist	 of	 a	 C-
terminal	 (reductase)	and	N-terminal	 (oxygenase).	 In	 iNOS,	NO	
production	 occurs	 at	 the	 reductase	 domain	 while	 O2-	
formation	happens	at	 the	 reductase	domain	 [17].	 In	absence	
of	L-arginine,	 iNOS	generates	O2-	 leading	to	the	formation	of	
potent	 oxidant	 peroxynitrite	 (ONOO-)	 [18].	 For	 iNOS,	 in	 the	
presence	of	sufficient	L-arginine,	O2-	and	NO	production	may	
occur	 simultaneously	 at	 the	 reductase	 and	 oxygenase	
domains,	respectively,	which	can	interact	to	form	ONOO-	[17].	
With	relatively	high	L-arginine	levels	 in	cytosol	 (200–800	µM),	
under	normal	physiological	 conditions,	O2-	generation	would	
rarely	occur.			

Production	 of	 iNOS	 mediated	 O2-	 and	 ONOO-	 can	 lead	 to	
increases	 in	 antibacterial	 activity	 but	 can	 also	 lead	 to	
increased	 tissue	 damage	 to	 the	 host	 because	 both	 NO	 and	
ONOO-	are	cytotoxic.	Thus,	 iNOS,	derived	O2-	and	ONOO,	are	
controlled	by	the	availability	of	L-arginine	to	NOS.	Intracellular	
L-arginine	 concentration	 may	 be	 regulated	 by	 two	 distinct	
mechanisms:	increased	arginase	activity,	competing	with	iNOS	
for	 L-arginine,	 and	 specific	 cationic	 amino	 acid	 transporters	
(CATs)	 for	 L-arginine	 transport	 into	 the	 NO	 producing	 cells	
[19].	 In	 circumstances	 such	 as	 cystic	 fibrosis	 where	 arginase	
activity	 is	 increased	 in	 the	 lung,	 the	 iNOS	 induced	 NO	
production	 can	 be	 impaired	 which	 may	 be	 relevant	 in	 the	
pathogenesis	of	CF	airway	disease	[16][20].	Since	L-arginine	is	
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an	essential	substrate	in	forming	iNOS	and	NO,	current	studies	
are	 looking	 for	 ways	 to	 increase	 L-arginine	 availability	 to	
improve	 NO	 production	 to	 enhance	 anti-bacteria	 and	
pulmonary	 function	 in	 conditions	 with	 inadequate	 NO	
formation	[21].		

In	summary,	our	 study	 indicated	that	 low	dose	LPS	(5µg)	 can	
induce	 acute	 inflammation	 in	 mouse	 lung.	 As	 well,	 it	 can	
induce	significant	increases	in	production	of	neutrophils,	iNOS	
expression.	 Therefore,	 with	 sufficient	 amounts	 of	 L-arginine,	
LPS	 induced	 NO	 production	 can	 be	 used	 to	 defend	 against	
pathogens.		
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Knowledge	Transfer	of	CERN’s	
Fundamental	Science	
Brandon	Ng	

Million	Gigabytes	of	Data	fed	into	tape	cartridges	in	CERN	
Data	Centre	

Have	you	wondered	how	several	million	gigabytes	of	data	
are	stored,	distributed,	and	accessed	by	CERN	scientists	
over	the	world?	Breakthrough	in	grid	computing	gave	life	to	
this	technological	infrastructure.	Not	only	has	CERN	
benefitted	from	this	technology,	industries	from	diverse	
fields	are	employing	it	for	multitude	applications	from	
petroleum	exploration	to	drug	discovery.	Furthermore,	
advancement	of	X-ray	detector	in	CERN’s	experiment	has	
been	adapted	to	improve	image	resolution	to	facilitate	
studies	of	intricate	proteins	structures	and	sophisticated	
solid	state	materials.	Additionally,	the	application	of	silicon	
pixel	detectors,	previously	used	to	trace	exact	positions	of	
charged	particles,	in	medical	diagnosis	reduces	unsafe	
exposure	to	radiation.	Unsurprisingly,	CERN	dedicate	a	
network	of	Business	Incubation	Centers	(BICs)	to	put	these	
fascinating	concepts	into	market	reality.	Currently,	CERN	
extends	its	collaboration	with	business	partners	from	

Reacting	C-H	Bonds	for	Organic	
Chemistry	
Brandon	Ng	

In	 organic	 chemistry	 lessons,	 we	 indulged	 ourselves	 in	
reaction	 mechanisms	 from	 free	 radical	 substitutions	 to	
electrophilic	addition	reactions.	During	practical	lessons,	we	
were	so	excited	over	our	synthesis	of	the	orange	Azo	dye	or	
the	 fluffy	 white	 Aspirin	 in	 our	 school	 laboratory.	 Organic	
Chemistry	 appeals	 to	 many	 of	 us	 because	 of	 the	 creative	
approaches	 to	 create	 various	 polymers	 and	 molecules.	
However,	 when	 we	 learned	 these	 concepts	 in	 class,	 how	
many	 of	 us	 are	 frustrated	 with	 the	 stubborn	 aliphatic	 C-H	
bonds	 in	 organic	 molecules	 that	 limit	 our	 freedom	 of	
synthesis?	

Why	should	we	concern	ourselves	with	these	C-H	bonds	 in	
organic	 molecules?	 The	 most	 common	 type	 of	 bonds	 in	
organic	polymers	and	molecules	is	the	C-H	bond.	But,	it	is	so	
unreactive	due	to	the	small	polarity	 in	the	bond.	The	bond	
lacks	 any	 electron-rich	 or	 electron-deficient	 sites	 for	
reaction	to	 initiate.	Imagine	 if	we	could	functionalize	these	
C-H	bonds…	

Recently,	 organic	 chemist	 Kuangbiao	 Liao	 published	 an	
important	 paper	 on	 Site-Selective	 and	 Stereoselective	
Functionalization	 of	 Unactivated	 C-H	 Bonds	 in	 Nature.	 He	
found	a	novel	solution	of	using	catalysts	to	weaken	these	C-
H	bonds	to	facilitate	active	 sites	for	reactions	with	halides,	
saline,	 esters	 and	many	 other	 functional	 groups.	 Not	 only	
were	 his	 reactions	 able	 to	 achieve	 high	 yields,	 but	 his	
reactions	 are	 compatible	 with	 site-selective	 and	
stereoselective	C-H	bonds	in	organic	aliphatic	compounds.	

Imagine	now	we	have	 the	knowhow	of	 reacting	 these	C-H	
bonds,	we	can	take	on	new	approaches	in	organic	synthesis	
using	C-H,	instead	of	the	traditional	-OH,	C=O,	C-X…	bonds,	
as	our	starting	points!	

	
	

United	Kingdom	to	Austria,	recently	shaking	firm	hands	
with	entrepreneurs	in	Finland.	Its	influence	continues	to	
expand	not	only	in	the	realm	of	fundamental	particles	
physics,	but	also	in	industrial	applications	
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Powering	the	World	With	Berries	
Brandon	Ng	

Berries	are	often	associated	with	antioxidants,	antiaging,	and	
antibacterial	properties.	Little	do	many	of	us	know	that	berries	
are	 also	 capable	 of	 harvesting	 light	 in	 Organic	 Solar	 Cells	
(OSCs)!	

	
Purple	Anthocyanin	Dye	to	Harvest	Light	Energy	

Berries	 contain	 anthocyanins	 which	 are	 responsible	 for	 the	
light	 harvesting	 capabilities.	 Anthocyanin	 has	 an	 extensive	
alternating	double	and	 single	 carbon-carbon	bond,	giving	rise	
to	 a	 large	 delocalized	 system.	 The	 larger	 this	 delocalized	
system,	 the	 smaller	 the	 energy	 required	 for	 electron	 in	 the	
delocalized	 system	 to	 transit	 to	 an	 excited	 state.	 The	 energy	
difference	 becomes	 smaller	 such	 that	 electron	 absorb	 light	
within	the	visible	spectrum,	and	it	gained	energy	at	the	excited	
state.	

Sandwiched	between	specially	coated	glass	slides,	the	electron	
falls	into	a	lower	energy	state	in	the	semiconductor	TiO2	when	
it	 loses	 energy.	The	 electron	 is	 transferred	 through	 the	bond	
that	attaches	the	anthocyanin	to	the	semiconductor.	Electrons	
flow	out	of	the	OSC	through	the	circuit	before	returning	back	
to	 OSC.	 An	 iodide	 and	 triiodide	 system	 undergoes	 redox	
reactions	to	facilitate	 continuous	flow	of	electrons.	An	 iodide	
anion	 donates	 electron	 to	 fill	 up	 the	missing	 electron	 in	 the	
excited	anthocyanin	 to	 form	 iodine.	 Iodine	 combines	with	 an	
iodide	anion	to	form	triiodide	anion	which	is	ready	to	receive	
incoming	 electron	 to	 regenerate	 the	 iodide	 anion.	 The	 cycle	
repeats,	 and	 the	 OSC	 is	 able	 to	 harvest	 light	 into	 electrical	
energy.	

However,	current	OSC	technology	poses	many	challenges	that	
limits	 its	 application	 as	 a	 viable	 energy	 source.	 Anthocyanin	
readily	 degrades,	 so	 the	 life	 span	 of	 OSC	 is	 very	 short.	
Additionally,	the	energy	differences	in	anthocyanins	and	other	
similar	 organic	 compounds	 are	 small,	 providing	 little	 voltage	
from	OSC.	

	
Mechanisms	in	Organic	Solar	Cells	

Nevertheless,	the	OSC	technology	remains	a	curious	fantasy	to	
many.	But,	it	requires	huge	advancement	in	technology	before	
OSC	becomes	practical	source	for	renewable	energy.	
	

Ethics	of	Publishing	Science	
Brandon	Ng	

Our	understanding	and	exploring	of	science	has	brought	us	to	
a	much	more	 comfortable	 world	 where	many	 of	 us	 take	 for	
granted	 the	 lights	 invented	 by	 Thomas	 Edison,	 telephone	
developed	 by	 Alexandra	 Graham	 Bell,	 aircon	 innovated	 by	
Willis	 Carrier…But	 our	 world	 has	 reached	 where	 it	 can	 be	
confounding	 to	 us:	 fraudsters	 hide	 behind	 fake	 names	 and	
institutions	to	do	whatever	to	publish	their	science	papers.	

A	 recent	 infamous	 case	 involved	 Japan	 researcher	 Haruko	
Obokata,	who	published	her	work	 in	Nature,	 claimed	to	have	
engineered	stem	cells	abilities	 in	regular	body	cells.	However,	
when	peer	reviewers	verify	her	results,	they	could	not	obtain	
similar	 results.	 As	 evidences	 of	 distorted	 images	 and	
plagiarism	surfaced,	Haruko	Obokata	was	later	found	guilty	for	
scientific	misconduct.	

Many	similar	cases	of	fraudulence	happen,	and	crackdowns	on	
these	 fraudsters	 soared	 to	 government	 efforts	 to	 keep	 the	
situation	under	control.	Where	has	this	world	headed	to?	Why	
must	 peer	 reviewers	 look	 out	 for	 such	 dishonest	 acts	 when	
they	 could	 provide	 constructive	 feedbacks	 to	 genuine,	
enthusiastic	researchers?	

Our	understanding	of	science	has	been	built	fundamentally	on	
trust.	 Scientists	provide	experimental	 evidences	and	 rigorous	
reasoning	 to	 prove	 their	 hypothesis.	 As	 their	 claims	 become	
facts,	other	 scientists	expand	boundaries	of	 science	based	on	
these	 knowledge,	 adding	 on	 and	 on	 to	 our	 understanding	 of	
this	 world.	 But	 if	we	 let	 an	 errorneous	 fact	 slip	 through,	 we	
foolishly	 build	 up	 years	 of	 knowledge	 that	 wasted	 precious	
resources,	effort,	and	time!	

Why	breached	the	trust	upon	which	our	knowledge	of	science	
fragily	dangles	when	we	can	contribute	to	a	greater	
understanding	of	this	world?	
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Policies	to	Protect	Diminishing	

Bee	Populations	in	the	
United	States	
	
	
Johyun	Lee	

Honey	bees	are	pollinators	that	have	a	strong	influence	on	
ecological	relationships,	ecosystem	conservation	and	
genetic	variation	in	plants,	with	pollination	occurring	in	a	
variety	of	ways:	wind,	animals,	self-pollination	and	sexual	
reproduction.	According	to	Greenpeace,	an	estimated	
87.5%	of	flowering	plants	are	pollinated	by	animals,	and	can	
increase	fruit	or	seed	in	75%	of	the	world’s	food	crops1.	
Greenpeace	also	shows	that	although	grains	such	as	wheat,	
rice	and	corn	rely	mainly	on	wind	for	pollination,	nutrient-
rich	fruit	and	vegetable	crops,	along	with	some	fodder	
crops,	rely	on	insects.	Of	all	insect	pollinators,	bees	are	the	
leading	species2.	

The	pollination	process	is	integral	to	the	production	of	our	
food	supply	and	economy.	According	to	the	U.S.	
Department	of	Agriculture,	“more	than	three-fourths	of	the	
world's	flowering	plants	rely	on	pollinators…[helping]	
produce	one	out	of	every	three	bites	of	food	Americans	
eat”	(Yearly	Survey	Shows	Better	Results	for	Pollinators,	but	
Losses	Remain	Significant."	United	States	Department	of	
Agriculture	Agricultural	Research	Service.	United	States	
Department	of	Agriculture	Agricultural	Research	Service)).	
Bees	secure	global	diversity	and	food	security	for	
humans.	A.	mellifera,specifically,	pollinates	over	130	
different	species	of	fruits	and	vegetables,	and	is	responsible	

for	pollinating	approximately	80%	of	all	American	agricultural	
food	crops,	worth	an	estimated	$40	billion	USD	per	year3.	
Thus,	the	effect	of	bees	on	the	economy,	as	well	as	on	
ecosystem	diversity,	is	significant.	

Farmers	use	fungicides	and	pesticides	to	increase	yield	of	
production.	These	pesticides,	including	neonicotinoids,	
pyrethroids,	cyclodienes,	organophosphates,	carbamates	and	
oxadiazoles,	have	been	shown	to	have	an	effect	on	the	
“enzyme	activity,	development,	oviposition	behavior,	offspring	
sex	ratios,	mobility,	navigation	and	orientation,	feeding	
behavior,	learning	and	immune	function”	of	bees	(Pettis	
2013).	This	exposure	to	pesticides,	along	with	the	effects	of	
invasive	parasites,	climatechange	and	habitat	loss,	contributes	
to	the	declining	global	bee	populations	that	have	been	
occurring	since	2006,	especially	in	North	America	and	Europe.	
Neonicotinoids	in	particular	have	received	notable	attention	
due	to	their	potential	risks	to	the	ecosystem,	as	“chemicals	
persist	in	the	environment,	thereby	promoting	
their	contact	with	non-target	organisms	such	as	pollinating	
bees”	(Williams	2015).	

In	order	to	investigate	the	actual	impacts	of	the	pesticides,	
scientists	gathered	pollen	from	different	crops	such	as	
almonds,	apples,	blueberries,	cranberries,	cucumbers,	
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pumpkins,	and	watermelons.	While	analyzing	the	pesticide	
concentration	in	each	pollen	sample,	the	scientists	put	the	
main	focus	on	the	total	number	of	pesticides,	dividing	the	
results	into	10	different	categories:	insecticides,	fungicides,	
herbicides,	carbamates,	cyclodienes,	formamidines,	
neonicotinoids,	organophosphates,	oxadiazines	and	
pyrethroids.	Scientists	also	collected	210	healthy	honey	bees	
from	Bee	Research	Laboratory.	The	bees	in	the	experimental	
trials	were	all	equally	healthy,	which	effectively	made	the	
honey	bee’s	initial	health	a	control	variable.	Bees	were	fed	
pollen	for	2-4	days	in	order	to	examine	the	impact	of	the	
pesticides	((Pettis,	J.	S.,	Lichtenberg,	E.	M.,	Andree,	M.,	
Stitzinger,	J.,	Rose,	R.,	&	VanEngelsdorp,	D.	(2013,	July	24)).	

Figure	1.	Pesticide	diversity	found	in	pollen	samples,	but	not	
pesticide	load,	varied	by	crop.	((Pettis,	J.	S.,	Lichtenberg,	E.	M.,	
Andree,	M.,	Stitzinger,	J.,	Rose,	R.,	&	VanEngelsdorp,	D.	(2013,	
July	24))	

35	different	pesticides	were	detected	in	the	sampled	pollen,	
including	high	fungicide	loads.	The	insecticides	esfenvalerate	
and	phosmet	were	at	a	concentration	higher	than	their	
median	lethal	dose	in	at	least	one	pollen	sample.	While	
fungicides	are	typically	seen	as	fairly	safe	for	honey	bees,	we	
found	an	increased	probability	of	Nosema	infection	in	bees	
that	consumed	pollen	with	a	higher	fungicide	
load.	Nosema	infections	contain	intracellular	parasites	that	
can	multiply	in	living	honey	bees,	and	deteriorate	their	
immune	systems.	Once	the	bees	are	affected,	they	have	
difficulty	reproducing	and	nurturing	offspring.	Infection	in	
autumn	can	also	lead	to	poor	overwintering	and	performance	
in	spring.	Queen	bees	can	also	be	superseded	when	affected.			

It	is	interesting	that	in	general,	there	were	a	lot	of	fungicides	
found	in	pollens.	The	research	suggests	that	exposure	to	heavy	

fungicide	loads	can	make	bees	more	sensitive,	increasing	their	
risk	of	being	infected	by	the	Nosema	disease.	Scientists	also	
found	that	a	few	pesticides,	such	as	Esfenvalerate	and	
coumaphos,	play	a	role	in	Colony	Collapse	Disorder,	one	of	the	
main	threats	to	bee	colonies.	These	results	suggest	that	
insecticides	used	to	help	the	growth	of	plants	are	actually	
detrimental	to	pollinator’s	health.	

What	is	concerning	is	not	only	the	fact	that	35	pesticides	were	
found	from	the	pollens,	but	also	the	fact	that	the	
concentration	of	some	pesticides	were	very	high.	
Esfenalvalerate,	for	example,	was	“measured	at	0.216	ppm	n	
pollen	collected	by	bees	in	a	cucumber	field,	and	phosmet	
(LD50?=?8.83	ppm)	at	14.7	ppm	in	one	apple	orchard”4.		Data	
of	the	scientists	suggest	that	some	of	the	bee	colonies	are	
being	exposed	to	dangerously	high	concentration	of	pesticide	
loads.	Moreover,	research	suggests	that	simultaneous	
exposure	to	pesticides	can	have	lethal	effects	on	
development,	reproduction,	learning	and	memory,	and	
foraging	behavior.	

Apart	from	Nosema	infection,	insecticides	like	neonicotinoids	
have	also	produced	detrimental	effects	on	the	queen	bee’s	
health,	which	is	crucial	to	the	survival	of	bee	colonies.	As	
noted	in	a	study	conducted	to	show	the	effect	of	
neonicotinoid	exposure	to	queen	bees,	“queen	failure	has	
been	proposed	to	be	a	major	driver	of	managed	honey	bee	
colony	losses,	yet	few	data	exist	concerning	effects	
of	environmental	stressors	on	queens”	(Williams	2015).	As	
such,	the	study	focuses	on	the	reproductive	success,	anatomy	
and	physiology	of	the	queens	after	being	exposed	to	the	
pesticides.	The	hypothesis	of	this	study	was	that	“exposure	to	
field-realistic	concentrations	of	neonicotinoid	pesticides	would	
significantly	reduce	honey	bee	queen	performance	due	to	
possible	changes	in	behavior,	and	reproductive	anatomy	and	
physiology”4.	This	hypothesis	was	tested	by	exposing	
“developing	honey	bee	queens	to	environmentally-relevant	
concentrations	of	the	common	neonicotinoid	pesticides	
thiamethoxam	and	clothianidin”4.	Both	pesticides	are	widely	
applied	in	global	agro-ecosystems	and	are	accessible	to	
pollinators	such	as	social	bees,	but	are	currently	subjected	to	
two	years	of	restricted	use	in	the	European	Union	because	of	
concerns	over	their	safety.	The	basic	procedure	that	followed	
is	that	queens	were	allowed	to	sexually	mature,	and	the	
production	of	worker	bee	offspring	was	observed	for	4	weeks.	
Data	shows	that	25%	fewer	queens	were	alive	than	in	the	
controls,	with	38%	fewer	queens	in	the	experimental	trials	
producing	worker	bees	than	in	the	controls4.	There	was	also	
34%	less	reproductive	success	in	the	queen	bees	that	had	
been	exposed	to	neonicotinoid	doses4.	

The	results	show	the	fragility	of	queen	physiology,	anatomy	
and	reproductive	success.	By	being	exposed	to	field-realistic	
doses	of	neonicotinoids,	the	development	of	social	queen	
bees	were	severely	hindered.	Even	within	4	weeks’	time,	there	
were	very	notable	effects.	One	change	in	anatomy	that	
occurred	was	ovariole	hyperplasia	in	the	neonicotinoid-
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exposed	queen	bees.	The	larger	ovary	sizes	suggests	that	
neonicotinoid	has	a	direct	impact	on	the	reproductive	systems	
of	queen	bees,	although	it	cannot	be	determined	through	this	
study	exactly	how	this	may	impact	reproductive	processes.	
The	decrease	in	stored	spermatozoa	and	spermatozoa	quality	
can	be	inferred	to	be	a	limiting	factor	to	queen	longevity,	since	
queen	bees	that	do	not	properly	or	successfully	develop	
anatomically	and	sexually	are	often	replaced	in	bee	colonies.	
These	findings	show	that	even	common	pesticides	can	have	
significant	effects	on	queen	anatomy	and	physiology.	As	a	
result,	in	order	to	protect	Apis	mellifera,	it	is	necessary	for	
greater	knowledge	on	lethal	and	sub	lethal	pesticide	doses,	as	
well	as	greater	evaluation	of	pesticide	safety.	

Predictions	

Given	the	available	data,	if	no	actions	are	taken	to	protect	Apis	
mellifera	colonies,	within	twenty	years,	some	U.S.	states	will	
no	longer	have	any	Apis	mellifera	colonies.	Looking	at	Figure	1,	
some	states	have	already	lost	more	than	half	of	their	honey	
bee	colonies.	Humans	will	lose	one	of	the	few	pollinators	
on	Earth,	endangering	more	than	just	our	food	sources.	Plants	
that	need	the	help	of	honey	bees	will	have	difficulty	
reproducing,	which	may	lead	to	decreased	species	diversity	in	
plants.	Fewer	plants	would	mean	less	energy	for	consumers	
ranging	from	insects	to	humans.	There	would	be	less	energy	in	
the	ecosystem	in	general,	as	primary	producers	number	will	
significantly	decrease,	which	would	eventually	lead	to	
decrease	in	energy	levels	in	the	food	web.	The	ecosystem	
would	not	be	able	to	function	as	it	did	before	in	homeostasis.	

Solution	

Given	the	available	data,	if	no	actions	are	taken	to	protect	Apis	
mellifera	colonies,	within	twenty	years,	some	U.S.	states	will	
no	longer	have	any	Apis	mellifera	colonies,	which	would	have	
a	disastrous	impact	on	global	ecosystems.	To	protect	Apis	
mellifera,	the	U.S.	can	follow	in	the	steps	of	the	European	
Union,	which	has	placed	a	ban	on	3	types	of	neonicotinoids	
that	have	proven	to	have	detrimental	effects.	As	summarized	
in	the	queen	bee	study4,	neonicotinoids	can	have	a	significant	
impact	on	bee	development,	maturity	and	behaviour,	and	can	
affect	the	success	of	bee	colonies.	As	a	result	of	concerns	on	
reduced	bee	diversity	and	distribution,	the	E.U.,	as	of	
December	1st,	2013,	has	restricted	the	use	of	clothianidin,	
imidacloprid	and	thiamethoxam	in	seed	coatings.	According	to	
the	Pesticide	Action	Network	Europe,	they	have	a	table	listing	
pesticides	that	could	be	replaced	by	natural	predators	or	other	
alternatives.	

Additionally,	the	U.S.	could	also	place	greater	regulation	
measures	on	farmers	of	key	food	crops,	limiting	the	amount	of	
pesticide	and	pesticide	categories	that	can	be	used	within	
specific	periods	of	time.	Another	potential	solution	would	be	
for	the	U.S.	to	increase	knowledge	on	the	subject	and	educate	
the	farmers	on	the	effects	of	pesticide	use	on	
the	environment	and	its	included	species.	Since	the	primary	

motivation	behind	pesticide	use	is	to	
increase	farming	productivity,	farmers	should	be	aware	that	
such	practices	not	only	endanger	bees,	but	also	risk	
biomagnification,	which	increases	pesticide	load	concentration	
down	the	food	chain.	

Admittedly,	it	is	hard	for	the	EPA	to	make	new	laws.	This	is	
because	the	process	for	restricting	chemical	use	under	the	
Toxic	Substances	Control	Act	(TSCA)	can	take	decades.	The	
companies	have	around	7	years	to	stop	using	the	chemical	
that	is	harmful	and	are	given	another	5	extra	years	if	the	
company	wishes	to	extend	their	time.	Moreover,	the	
Environmental	Protection	Agency	that	“administers	TSCA,	
often	works	with	companies	on	voluntary	phase-out	programs	
—	which	also	take	years	to	complete	—	as	it	has	with	the	
flame	retardants	known	as	polybrominated	diphenyl	ethers	or	
PBDEs”5.	We	must	be	more	vocal	about	making	these	changes	
sooner	rather	than	later.	

And	yet,	individual	states	and	lobbyists	can	certainly	take	
action	as	well.	For	instance,	California	did	pass	their	own	state	
law	in	order	to	regulate	the	use	of	chemicals,	and	in	June,	
legislation	was	sent	to	President	Barack	Obama	in	order	to	get	
his	signature	approving	the	expanded	power	of	the	EPA.	
Passing	new	laws	and	increasing	understanding	of	the	impact	
pesticides	are	having	on	bees	should	be	done	immediately	so	
that	the	EPA	can	better	control	chemical	usage	and	a	provide	
safer	environment	for	us,	and	the	insects	that	help	pollinate	
our	planet,	to	live	in6.	

Moreover,	the	latest	version	of	the	law,	recently	passed	in	
June	(No:	114-182.),	grants	the	EPA	greater	power	to	examine	
the	effects	of	around	2,000	chemicals.	The	EPA	now	also	has	
the	final	say	over	decisions	made	by	states.	It	seems	that	
government	is	making	huge	progress,	until	one	figures	out	
that	the	government	is	not	funding	the	EPA	to	carry	out	all	the	
examinations.	“The	bill	doesn’t	provide	EPA	enough	money	to	
get	through	this	enormous	backlog	of	old,	and	in	some	cases,	
very	dangerous	chemicals	to	assess	whether	they	need	to	be	
regulated	or	even	banned,”	said	Scott	Faber,	vice	president	of	
government	affairs	at	the	Environmental	Working	Group,	
taking	the	EPA	“decades	to	get	through	the	thousand	most	
dangerous	chemicals	that	EPA	itself	has	said	need	urgent	
review”	((Scialla,	(2016,	June	22)).	It	seems	like	there	are	still	
many	steps	that	the	government	has	to	take,	although	
hopefully	these	are	measures	that	will	lead	to	far-reaching	
solutions.	
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Artificial intelligence is fundamentally changing many 
industries and in the coming decades will transform our society 
as a whole. However, the most extraordinary developments for 
all of us could come from machine learning structures used in 
the medical field. By combining the vast amounts of medical 
patient data with powerful machine learning data-analytics 
algorithms, the healthcare sector can save thousands of lives 
and transition from a static to a dynamic and personalized 
approach for patient treatment. 

Before diving into how machine learning is 
revolutionizing medicine, it is important to understand what 
machine learning is, and the sheer quantity and value of the 
data produced by the medical field. Machine learning is an 
artificial intelligence based method of data analysis, where an 
algorithm finds patterns and insights from a given pool of past 
data that it then applies to new data, primarily to make better 
decisions and accurate predictions1. These algorithms perform 
best and produce the most high-value predictions when given 
larger and more diverse training sets of data, and with the 
recent spike of computing power, this makes them an attractive 
tool for the healthcare industry1. The healthcare industry 
produces between 1.2 to 2.4 exabytes (1 exabyte = 250 million 
DVDs of data) every year, which has resulted in a grand 
stockpile of approximately 159 exabytes of patient data 
collected from healthcare providers, insurance companies, 
pharmaceutical companies, and other players2. Much of this 
data is unstructured and unprocessed, but many hospitals are 
adopting new IT architectures to clean and structure this data 
for analytics use. 

The healthcare sector’s troves of Big Data, coupled with 
technological advances that allow them to create value from 
that data, has tremendous implications for the patient himself. 
Medicine is about to become hyper personalized, with patients’ 
medical data being combined with their social media data, 
financial data, census data, and more to create profiles for each 
patient that augments their treatment by making it tailored 
specifically towards them2. And at the heart of it all are 
machine learning algorithms, which reliably and quickly sift 
through all of this data to help doctors treat you not just based 
on their experience but also on the experiences of hundreds of 
thousands of other patients in your situation2. Aside from 
driving medical decisions, these algorithms can, perhaps more 
significantly, inform doctors of potential health risks their 
patients might have based on patterns the algorithm has learned 
to identify from its training data. 

The University of Pennsylvania has begun using algorithm 
based data analytics to improve patient care at Penn Medicine 
as well as understand different diseases better. Using the 
machine learning approach, they were able to increase 
diagnoses of sepsis, a blood infection, from 50% to 85%, and 
identify such cases 30 hours before septic shock compared to 
only 2 hours before using past methods3. Even earlier this year, 
Penn Medicine trained a program to analyze how a certain 
bacterium’s genes responded to different conditions. The 
bacterium, Pseudomonas aeruginosa, is highly resistant to 
most antibiotic treatments, and is present in patients with cystic 
fibrosis and other lung diseases4. The program was presented 
with 5000 P. aeruginosa genes to identify gene expression 
patterns, and was able to show how the genes responded to 
different antibiotics, which served as an important start for 
researchers looking to combat the bacterium and improve 
treatment for patients with these chronic lung conditions4. 

The healthcare industry has been somewhat slower than other 
sectors such as finance and retail to adopt artificial intelligence 
based data-analytics. The University of Pennsylvania is 
embracing the new technology and seeing extraordinary 
benefits to their patient care, and while they are setting an 
example, they are not alone. There have been numerous recent 
advances which demonstrate the potential of machine learning-
enhanced patient care. 

A developer of medical algorithms named Zebra has produced 
two algorithms that when used in unison can identify major 
cardiovascular problems before they even occur, which they 
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claim can save over 500,000 lives a year5. The algorithm based 
diagnosis is more accurate and cost efficient than technicians’ 
diagnoses, thus capable of dramatically enhancing any 
hospital’s radiology services. 

Zebra isn’t alone in this regard, either. Google DeepMind has 
partnered with world leading eye hospital Moorfields Eye 
Hospital NHS Foundation Trust and created a machine learning 
algorithm that is currently analysing the information of one 
million patients to help detect diabetes and age-related macular 
degeneration (AMD), two conditions that cause sight loss and 
affect over 100 million people around the world6. Early 
intervention is key in stopping these diseases, which can be 
difficult to do because human doctors often need a long time to 
analyze the complex eye scans. Google DeepMind is 
employing machine learning technology to analyze the scans 
more quickly and effectively, preventing cases of blindness 
while also preserving patient confidentiality (all information is 
anonymous) and collecting data on how to improve future 
treatment6. 

However, machine learning is proving most effective in the 
fight against cancer. Mounting an early offense 
against cancer is a key step of a successful recovery, and a 
Swiss company named Sophia Genetics has created an 
incredible solution. It is an AI named Sophia analyzes the 
genetic code of DNA to diagnose diseases like cancer, and then 
optimizes that diagnosis by factoring in medical science and 
expert opinion, allowing doctors to provide the best treatment 
available to the patient. Sophia also constantly peruses a pool 
of medical data sent to the company by 170 hospitals around 
the world, meaning it is always refining its abilities7. Even 
IBM’s Watson, while most known for winning the $1 million 
jackpot on Jeopardy!, correctly diagnosed a rare form of 
leukemia in early August that had been misidentified by human 
doctors months earlier, saving the life of a 60 year old woman8. 

The other key to an effective recovery from cancer is correctly 
identifying the type of cancer, which can be difficult as even 
two very skilled pathologists will only agree approximately 
60% of the time when looking at the same slide of tissue9. 
Stanford researchers recently trained a computer program on 
more than 2000 cancer cell images to accurately identify two 
types of lung cancer (adenocarcinoma and squamous cell 
carcinoma) by finding cancer-specific traits and basing its 
diagnoses off them9. Most pathologists can only analyze 
several hundred traits when making a diagnosis, but the 
computer was ultimately able to assess more than 10,000 
features9. The researchers found that as a result, the program 
was able to distinguish between adenocarcinoma and squamous 
cell carcinoma more correctly as well as predict patient 
survival times much better than pathologists. While this 
approach was applied just for lung cancer, given the computing 
power and training, a similar program could identify even more 
kinds of cancer and filter for specific characteristics that only 
certain rare forms may have. 

Vice President Joe Biden recently called for new breakthroughs 
in treating cancer, and machine learning could be the answer3. 
Hospitals have the data, and machine learning is the answer to 
using that data most effectively to improve treatment 

knowledge and patient care. It is important to understand that 
the technology isn’t new, either; the artificial intelligence field 
has been around since the 1950s but the recent explosion of 
computing power along with increasing use by various 
commercial sectors has made many wonder when healthcare 
will make the full leap as well1. True, the field is somewhat 
caught up in traditional practices and somewhat reluctant to 
change, but there are other more pressing reasons. 

The two major problems stopping healthcare from becoming an 
interconnected, highly efficient, and highly personalized 
industry are a lack of uniform data transfers and privacy 
concerns with patient data. Right now, there is no universally 
adopted systematic form for the data that hospitals produce, 
making exchanging and sharing with other facilities difficult. 
Ideally, however, hospitals should process data in a 
standardized format which can be transferred and used among 
all healthcare facilities, providing doctors with the most 
reliable and meaningful aggregate to compare against any 
patient’s case and deliver the most effective treatment2. 
Perhaps the biggest obstacle to the growth of data analytics in 
healthcare, though, is a concern for privacy from many 
patients, who are apprehensive about their private medical 
information being shared even if it is just for researching new 
solutions and optimizing patient care. Unsurprisingly, this has 
led many hospitals to adopt new IT security architectures 
designed to relieve these concerns. Our fundamental need for 
privacy needs to be balanced with the possibility of enriched 
patient care for all of us, since the more data that researchers 
analyze the better the outcome for all of us2. 

Medical applications for AI have been researched for a long 
time, but it will be quite a while before algorithms are actively 
aiding doctors in hospitals on a grand scale. Though sluggish to 
adopt this technology, the healthcare field has already 
identified how valuable it could be; savings for the industry 
using data analytics could be as high as $232 billion, and the 
Big Data analytics sector is already valued at $100 billion and 
growing at twice the rate of the software business as a whole10. 
However, with the growth of computing power and more 
discoveries that reveal the power of combining machine 
learning analytics with healthcare big data, it will not be long 
before patient health care is forever changed and improved for 
the better. 
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Abstract 

The CRISPR-Cas9 technology is the latest and most 
controversial gene editing technology available today. It 
allows for precise editing of DNA, which is also known as 
the genetic code of the human body. While CRISPR 
seems to possess great potential to solve genetic 
mutations, ethicists and researchers still believe this 
technology should not be applied as of now due to its 
insufficient experimentation, significant consent 
limitations, and the matter of eugenics. However, even 
though gene editing on human embryos remains illegal to 
practice in many parts of the world, the United Kingdom 
and China have begun to grant permission to select 
scientists. Thus, it is necessary to devise strict guidelines 
and protocols which will promote safe practices, 
especially since CRISPR cannot be reversed once the 
changes have been made on an individual. The 
permanent nature of CRISPR-Cas9 calls for immediate 
attention by governing authorities, scientists, and 
researchers alike to establish the ethical boundaries of 
this technology. 

  

Introduction 

In February of 2016, the United Kingdom performed 
genome editing with the CRISPR-Cas9 technology on 
human embryos to gain insight into infertility treatments. 
The Human Fertilization and Embryology Authority 
(HFEA) of the United Kingdom had decided to endorse 
the research of developmental biologist Kathy Niakan to 
alter genes that are active in the first few days after 
fertilization (Callaway, 2016). While the question of 
whether experimentation on human embryos should be 

permitted remains unanswered, Niakan’s research will be 
used to impact infertility research around the world. The 
HFEA of the United Kingdom represents the world’s first 
endorsement of such research by a national regulatory 
authority. In the past two decades, the technology has 
seen significant growth since Francisco Mojica first 
discovered the CRISPR locus in 1993 (Institute, 2016). 
Although CRISPR seems to possess great potential to 
improve the human germline, bioethicists, scientists, and 
researchers urge the need to halt CRISPR-Cas9 
experimentation on human embryos due to its 
unreliability from insufficient experimentations, significant 
consent limitations, and eugenics. 

What is CRISPR 

The CRISPR-Cas9 is the latest and most controversial 
technology which allows for precise editing of DNA, or the 
genetic code of the human body. This technology derives 
from the “Clustered Regularly Interspersed Short 
Palindromic Repeats” in the bacterial genome and are 
used by molecular biologists “as a pair of molecular 
scissors” that can be guided with high efficiency by the 
RNA to target DNA at specific sites (Jiang and Stevens, 
2015). The acts of cutting and pasting genes enable 
scientists to readily modify the genome of cells by 
substituting gene sequences. 

Rodger Novak, the founder of CRISPR Therapeutics, and 
Ante S. Lundberg, the senior executive of CRISPR 
Therapeutics, report how the rapid advancement of 
CRISPR gene editing has evoked debate (2015). The 
“reprogramming of DNA” has a myriad of potential 
applications in engineering, and this has become a 
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growing public concern. Thus far, the CRISPR 
technology has been used to modify animal embryos 
which has revealed that the genome of whole organisms 
can be altered without embryonic stem cells or 
homologous recombination (Jiang and Stevens, 2015). In 
the future, scientists may be able to add genetically 
determined characteristics to cells that would not have 
otherwise possessed these traits. Joanna Smolenski, a 
graduate student from the Graduate Center of the City of 
University New York, has voiced her concern regarding 
the scientists who plan to utilize CRISPR to modify 
reproductive cells in addition to somatic cells (2015).  The 
editing of human germline cells, also known as 
reproductive cells, will be passed down to subsequent 
generations and may have lasting effects on the human 
gene pool. On the other hand, the editing of adult somatic 
cells is not controversial because they are non-heritable. 
As such, the permanence of germline editing imposes an 
urgent need to establish ethical standards and proper 
protocols to ensure safe practices. Without taking proper 
precautions, germline alterations have the possibility of 
causing unknown and debilitating health issues which 
may affect the offspring of the embryo in question. 

 

 

 Figure 1. This figure illustrates the mechanism of the 
CRISPR-Cas9 technology. The DNA is precisely edited 
with the Cas9 and Guide RNA. 

  

The Unreliability of CRISPR on Human Subjects 

 CRISPR must be proven due to the recent experiments 
which have evidenced a low success rate. As a result, 
the poor success rates have caused the world of 
biotechnology to spur much dispute on the 
uncertain safety level of applying CRISPR on human 
subjects. The most concerning aspect of CRISPR is the 
off-target effect, or the act of unintentionally modifying the 
wrong sequence of DNA. When a scientist targets a 
specific sequence of DNA to delete, alter, or insert, there 
must be no margin of error because the alterations made 
are permanent. However, genes only make up 
approximately 1.5 percent of the human DNA’s 3.2 billion 
base pairs, and a genome may have a specific sequence 

of base pairs in a gene repeated elsewhere in the 
genome, prompting the need to edit all related base pairs 
to alter the trait. In addition, because individual proteins 
often affect more than one process, Chiarella and Guevin 
from Ethics and Medics, a prominent research 
organization, claim that editing a second sequence 
imposes unknown risks which may cause unintended 
effects and result in inconceivable mutations (2016). 
Furthermore, Smolenski reported that CRISPR-Cas9 can 
make off-target cuts in cells up to sixty percent of the 
time. These significant research studies portray the 
difficulty in gene editing and present the significant 
chances of failing to perform this technology successfully. 

In 2015, China’s first report of CRISPR experimentation 
on human embryos had a much higher rate of mutation 
than experiments performed on mice. The Chinese 
research group led by Junjiu Huang from Sun Yat-sen 
University in Guangzhou, employed CRISPR to make 
changes in human germline cells through nonviable 
human embryos with the intention of researching 
human disease. It was reported that of the eighty-six 
embryos which were injected, only seventy-one survived, 
and of those seventy-one embryos, only twenty-two 
embryos were cleaved successfully; about twenty-five 
percent of the embryos were edited correctly. The first 
Chinese group’s experiment on human embryos sparked 
wide concerns across the world, especially in the United 
States. Numerous countries viewed the Chinese 
researchers as renegades who ignored established 
international ethical norms against human 
experimentation (Smolenski, 2015). Marcy Darnovsky, 
from the Center for Genetics and Society, condemned the 
Chinese researchers by citing the dangers and ethical 
pitfalls of experimenting on human embryos. She 
declared that “no researchers should have the moral 
warrant to flout the globally widespread policy agreement 
against modifying the human germline’” (Jiang and 
Stevens, 2015). Among western biologists, China is now 
viewed as a lawless frontier of biomedical research 
where anything is possible. This experiment exposed an 
urgent need for wider ethical and legal deliberation in 
China and across the globe. 

Controversial to many experiments, researcher Ben 
Merriman from the University of Chicago claimed that 
with continued experimentation, CRISPR has the 
potential to become a very reliable source for a broad set 
of genetic modifications (2015). The CRISPR technology 
is easier to obtain than other advanced gene editing 
technologies. As such, at the hands of irresponsible and 
inexperienced scientists, CRISPR would be detrimental 
to humans and their future generations. Thus far, the 
application of CRISPR-based genetic modification 
techniques has frequently been loosely regulated in 
laboratory settings, and this continued practice may lead 
to unprincipled biohacking; hence, CRISPR stands as a 
technology yet to be proven and an example of a Dual-
Use Research of Concern (DURC) technology. Although 
CRISPR is intended to improve the human gene pool, the 
misapplication of the technology has the potential to harm 
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society not only through laboratory accidents, but also 
through biological weaponization (Merriman, 2015). Prior 
to CRISPR, the H5N1 influenza controversy brought to 
attention a greater need for biosecurity regulations that 
would reduce the threat of weaponization. In 2011, two 
groups had announced their intention to publish their 
methods for engineering avian influenza H5N1 to make it 
transmissible to humans. Opponents argued that the 
benefits of such research were minimal with large 
potential risks, while proponents argued for scientific 
freedom and potential benefits of this work (Gene 
Technology at UNSW, 2016). Ultimately, the 
National Science Advisory Board on Biosecurity made the 
engineering methods of avian influenza transmissible in 
humans publicly available but soon afterwards in 2014, 
the US government suspended funding the avian 
influenza. In the same way, CRISPR may be another 
DURC technology which governments may initially 
support yet later find dangerous to the public, given the 
lack of protocols, or clear boundaries of safe practices. 

 

 

Figure 2. This figure illustrates the CRISPR/Cas9 
genome editing tool at work on DNA sequences within 
the cell. 

  

Consent Limitations 

Although Smolenski states that human embryos are not 
experimental subjects in an analogous way to humans, 
experimentation on human embryos pose important 
questions regarding consent. Technically, embryos are 
not afforded the moral status of personhood until they are 
delivered as children. Thus, by logical reasoning, 
embryos cannot give consent to participate in a science 
experiment. As a result, embryos that become genetically 
modified individuals will have committed to an experiment 
without having given proper consent. Currently, consent 
protocols involve an “escape clause,” in which a subject 
that no longer desires to participate in a research project 
may be removed from further study. However, this clause 

conflicts with the nature of germline modification studies 
because conducting experiments at the embryonic level 
commits the genetically modified individual to participate 
in the scientific experiment. The effects of CRISPR will 
manifest in the life of the human subject who inherits the 
modified genetic material, which will require monitoring 
throughout its life, and most likely into its descendants’ 
lives. Essentially, this is because such a study can only 
see the full consequences of gene editing through a long-
term study for multiple generations. Therefore, scientists 
must consider the moral dilemma behind the application 
of CRISPR on human embryos in the case that the 
genetically modified individual chooses to revoke 
consent, since the embryo cannot decide for itself at the 
needed moment. Unfortunately, the permanence of study 
will continue to impact the study participant and his or her 
offspring indefinitely, regardless of a parental proxy 
(Smolenski 2015). 

In an interview, Jennifer Doudna, the inventor of the 
CRISPR-Cas9 technology, voiced her concerns to 
representatives of her alma mater at the University of 
California, Berkeley. Although she supported clinical 
applications on adult tissues because they are not 
passed down to children, she noted that clinical 
applications on human embryos must be treated with 
extreme caution by the scientific community. In response 
to experimentation on human sperm, eggs, or embryos, 
Doudna asserted that it is appropriate to conduct the 
research under strict circumstances. However, due to the 
rapidly advancing nature of biotechnology, Doudna urged 
international scientists to act responsibly when dealing 
with powerful technologies such as CRISPR. She also 
expressed her hope to see society draw a line and halt 
the implementation of CRISPR on the human genome, 
and instead take time to implement ethical standards on 
the CRISPR technology first for the time being (UC 
Berkeley, 2015). 

In the past, other reproductive technologies such as in 
vitro fertilization (IVF) caused people to pose serious 
ethical questions to implement safe practices. In 2008, a 
deaf couple in the United Kingdom, Tomato Lichy and 
Paula Garfield, sought to use IVF to select an offspring 
who would share their disability. The couple argued that it 
would be easier to care for their child if he or she had 
similar needs to their own. Nevertheless, legal 
precedents forbade the couple’s request because the 
United Kingdom specifically “prohibits the selection of an 
embryo with a genetic disability or disease in preference 
to a ‘healthy’ one” (Smolenski, 2015). This case 
demonstrates similar issues with consent regarding the 
application of a life-altering technology. Although the 
couple did not consider their disability a barrier to a high 
quality life, the parents’ decision was defeated by other 
considerations. Many ethicists believe that parents 
should not possess the absolute authority over their child 
because technological experiments do not directly affect 
the parents themselves, but instead affect the the child in 
question. Parents should not have the absolute authority 
to utilize CRISPR at their own free will. Without setting 
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proper guidelines, CRISPR will experience similar 
situations that question safe practices just as IVF has 
seen in the past. 

Eugenics and the Perfect Child 

The possibility of germline editing, nonetheless, has 
aroused strong interest among families globally. Couples 
who believe in eugenics and are concerned that their 
child may inherit their less than desirable genes are 
willing to use gene editing as a way to avoid disabilities, 
mental disorders, and disease of any kind. Often times, 
this thought process is believed to be another way for 
parents to “save their child” and create the “perfect baby,” 
a child free from genetic flaws; parents feel that the 
reproductive futures of their unborn child rest in science. 
John Harris, a professor from the University of 
Manchester, declared that the “‘discernible duty [is] surely 
to create the best possible child’” because the human 
genome is an “‘imperfect work in progress which human 
reproduction does not improve well’” (2015). Although 
this pessimistic opinion is shared by some scientists, 
others argue that the motive should not be to “create” the 
perfect human being, but rather to accept offspring as 
nature intended. Instead of seeking a remedy for every 
imperfection through technology, it is essential for people 
to understand that those “weaknesses” can be improved 
into strengths through effort, a behavior which has 
persisted since the existence of man and has led to vast 
advancements marked by innovations people access 
today. 

 

Figure 3. This figure illustrates the Cas9 
nuclease protein using a guide RNA sequence to cut DNA 
at a complementary site. 

The Fine Line Between Scientific Reasoning and 
Bioethics 

 There is no doubt that CRISPR holds high hopes for 
many scientists. However, the uncertain outcome of 
human germline engineering still causes much dispute 
among the biotechnology industry. When J. Benjamin 

Hurlbut, a prominent bioethics researcher, inquired 
whether human germline engineering is an inevitable 
technology that will overtake the scientific world, Venter 
replied, “The question is when, not if.” While a 
technological revolution is inevitable in a rapidly 
developing society, Venter emphasizes that the future 
does not lie in the hands of those who wield the 
technology. Instead, Hurlbut argues that people have the 
collective authority to create the world they want to live in 
(2016). Technology should not control people, and 
instead, it should be used as a tool to improve lives. This 
is why CRISPR must have concrete guidelines set in 
place so that people can wield the technology, instead of 
being wielded by it. 

According to Hurlbut, a group of elite scientists led by 
Asilomar, a bioethicist professional, paved the way for 
biotechnology in 1975. They celebrated their scientific 
responsibility to create advanced innovations, which 
excluded larger questions of biosecurity, ethics, 
and environmental risks because Asilomar deemed the 
science community to be irrelevant to the conduct of 
basic research. As noted in history, Hurlbut concludes 
that important questions are not asked nor answered until 
they are urgently demanded (2016). Scientists like 
Asilomar will continue to prioritize innovation over safe 
practices for generations, as ethical questions have been 
overlooked since the beginning of biotechnological 
advancements. Some scientific corporations such as 
CRISPR Therapeutics aim to develop CRISPR with a 
profit-oriented mission which has earned over $398 
million by 2016 (Chiarella & Guevin, 2016). On the 
contrary, other scientists and ethicists demand the need 
for responsible applications of technology to take priority. 
Merriman from the University of Chicago is also in 
agreement that responsibility demands strong limitations 
on access to technology, especially in fields which 
impose vast harm (2015). International guidelines which 
govern human applications of gene-editing should lead to 
a wider ethical and legal deliberation across the world 
and handle CRISPR more effectively (Jiang & Stevens, 
2015). 

This discussion, however, cannot be left to scientists 
alone. Many scientists are seeking the help of politicians, 
the federal government, and other leaders in related 
fields to firmly establish protocols for CRISPR. At 
Washington, D.C. in December 2015, scientists, 
researchers, and educators convened at the International 
Summit on Human Gene Editing to discuss how to define 
boundaries around gene editing in an effort to slow germ-
line editing experimentation. CRISPR experiments on 
viable embryos were of particular concern, specifically on 
the ethical and safe practices appropriate to clinical 
applications (Reardon, 2016). While there has been 
some progress in terms of discussion, however, the 
summit did not effectively slow down germ-line editing 
experimentation. Case in point, a few months after the 
International Summit, the United Kingdom granted 
license to the Francis Crick Institute to edit one hundred 
and twenty human embryos (Knapton 2016). The summit 
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has poorly regulated CRISPR and has not implemented 
international standards with enough urgency. 

A Call for Stricter Protocols and Regulation 

In order to set concrete protocols in place, powerful 
nongovernmental organizations and research institutes 
must pressure governing authorities to set clear 
deadlines for protocols to be made at the next 
International Summit on Human Gene Editing. More 
bioethicists must voice their concerns at the International 
Summit, unlike the past Summit in 2015 where only one 
ethicist was present. Additionally, the members of the 
Summit must agree to hire a reasonable body of ethicists 
at all CRISPR companies globally so that they may stop 
and report the company if the research and business 
being conducted advances CRISPR applications past the 
line established at the time. The varied opinions should 
then be brought up at the summit by bioethicists from 
various countries and research companies to agree on a 
set boundary before it is too late. 

Furthermore, researchers urge the need to “enforce 
inspection on the identity of users” of CRISPR in order to 
oversee those who use the CRISPR technology. This is 
called for because CRISPR appears as an inexpensive, 
efficient, and conveniently attainable alternative in 
comparison to existing gene editing technologies. As Bo 
Huang stated, “‘There is a mentality that as long as 
[CRISPR] works, [experimenters] do not have to 
understand how or why it works’” (Smolenski, 2015). 
According to scientists, CRISPR is easily obtainable, 
requires relatively few years of training, and is increasing 
in experimental use; the relative ease of this technology 
makes it more feasible to deploy. Robert Sanders from 
Berkeley News reports that experimentalists can make 
thousands of precisely guided probes covering an 
organism’s entire genome for less than $100 in supplies 
at times (2015). The cheap prices rose the demand for 
stricter regulations because CRISPR is an advancing 
technology that should only be used by trained 
professionals because of its delicate and precise nature. 
In order to make CRISPR more accessible to qualified 
professionals instead of inexperienced non-specialists, 
governing authorities should require businesses to 
require customers to show an ID which verifies his or her 
qualifications to purchase the device (Merriman, 2015). 

   

Conclusion 

The CRISPR Cas-9 has garnered world-wide attention in 
today’s rapidly developing society. The potential 
surrounding this technology has peaked the interest of 
scientists, who are currently far more concerned with 
scientific breakthroughs than safe practices. As such, it is 
easy to overlook the potential side effects of CRISPR, 
mankind’s first official attempt at gene editing. Many 
ethicists and scientists make the point that since the 

beginning of time, mankind has progressed without 
relying on technology to alter the genome. The human 
race is at a crossroad and must determine which road to 
take: the natural road of self-improvement or an imperfect 
attempt to reach perfection with technology. Whichever 
road humans select, ethics questions and boundaries 
must be established to prevent any harm to the human 
germline. This matter is time sensitive as experiments 
carried out today will set the tone for research in the 
future. 
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It is hard to imagine how small things like 
microbes can affect the global climate.  Perceiving 
the importance of microbes, Kristen DeAngelis, a 
microbiologist and an assistant professor at 
University of Massachusetts Amherst, researches 
the relationship between climate change and 
microbes.  

These tiny organisms, one tenth the size 
of  a human cell, live everywhere from soil to the 
atmosphere. They are crucial to maintaining the 
natural world and regulating biogeochemical 
cycles, pathways used by a chemical substance to 
move through both living and nonliving 
components of an ecosystem. 

DeAngelis concentrates on understanding 
the relationship between climate change and the 
shifts in soil microbial communities. When the 
soil microbial communities change, the climate is 
also impacted. 
 In one experiment, DeAngelis focuses on 
three sites in the Harvard Forest Long-Term 
Ecological Research Site. Here, warming-induced 
disruptions to the carbon cycle, a process by 
which carbon compounds move through the 
environment, are being used to study forest 
ecosystems.  

Some plots are heated using buried heating 
resistance cables. “Do you ever watch a Green 
Bay Packers football game in the middle of winter 

when it’s snowing and you can see the snow 
accumulating in the stands and the field is still 
green? This is the same technology,” DeAngelis 
said. 

Buried heating resistant cables are used to 
warm the soils, and the heating cables are hooked up 
to a temperature probe. The heated soils always stay 
five degrees warmer than the control soils. This 
technology is used to look at how heating changes 
respiration, or the breathing of the microbes. 

The heated plots showed increased 
respiration in comparison to the controls. The 
enzymes moved faster, metabolism moved faster, 
and there was increased respiration, which produces 
more CO2. CO2 is a small part of the atmosphere, 
but it plays an essential role in maintaining the 
energy balance of the earth. It acts as a greenhouse 
gas and traps heat in the atmosphere. Because CO2 
is a big contributor to climate change, DeAngelis 
monitored the microbial CO2 produced.  

After ten years, this respiration stopped 
because there was scarce soil carbon, and the 
microbes adapted to become less sensitive to 
temperature. But the heated plots started respiring 
again another seven years later. One hypothesis 
DeAngelis had was that the microbes had changed or 
evolved to eat previously unavailable carbon. 
DeAngelis did community analysis of the microbes 
through gene sequencing and found that the 
microbial communities had changed. Only the plot 
heated for 20 years showed significant change in the 
microbial communities. 

DeAngelis is working with people who are 
building climate change models to predict sources of 
greenhouse gases, sources of carbon, and sinks for 
carbon from the carbon cycle. Sinks keep carbon out 
of the atmosphere. Microbes are a big part of 
determining these predictions. In the last 5 to 10 
years, microbes have been included in climate 
change models, and this has made the models more 
accurate. 

DeAngelis is not only interested in how 
climate change affects microbes, but also how 
microbes can be used for biofuel production. She is 
researching lignocellulosic biofuels, produced from 
nonfood plant materials such as switchgrass, poplar, 
or corn stover. In the process of making biofuels, 
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deconstruction, the separation of a substance into 
simpler substances, is used. Plant material is 
deconstructed into carbon. Then it produces enzymes 
that separate lignin, a tough molecule that protects 
the carbon source of the plant, from cellulose. 
Cellulose is a sugar polymer rich in energy. As 
breaking lignin apart is arduous, DeAngelis found a 
natural solution by using microbes that have 
enzymes, which break down lignocellulose into 
simple sugars. 

By applying her research, DeAngelis sees 
lignocellulosic biofuel as a sustainable intermediate 
alternative to prevent the use of petroleum based 
fuels. 

She was thrilled about her new research 
subject, Enterobacter Lignolyticus (SCFI), a microbe 
which produces hydrogen when it breaks down plant 
materials, and hydrogen can be used for biofuels. 
DeAngelis views the microbe as a good industry 
organism because SCFI grows quickly, withstands 
high concentration of lignin, resists salt, and 
produces aggressive enzymes.  

However, funding issues diminished her 
excitement about her new research. As she looked 
down, she said, “Before I was in this job, I imagined 
that there was some kind of better way [to get 
funding] that I just didn’t know about, but that’s not 
the case and that seems very sad to me.”  
DeAngelis is disappointed by the lack of support at a 
national level for science. However, she will 
continue to pursue her research as microbes will 
impact future climate changes and hopefully produce 
biofuels. “I feel like the work we are doing is very 
important and it’s not just the science. What we are 
doing is important for everyone.”  
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