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Abstract
Nanomedicine is monitoring, repair, construction, and control of human biological systems at the molecular level, using engineered
nanodevices and nanostructures. Nano-robots (Nanobots) are nanosized, artificially fabricated, controllable devices. They freely travel in human
body and interact with specific cells at molecular level. Its benefits include disease prevention, imaging, prenatal, virtual reality, individual
medicine, emergency medicine, anaesthesia & ICU, research, medical monitoring, medical records, nano-biopharmacy, drug delivery and cancer
treatment. It would be applicable to general anaesthesia, regional anaesthesia, pain, cancer therapy and insight into consciousness.

Introduction

A nanometer is a billionth of a meter (10-9). A size of 0.1- 100
nm is used for this technology. Richard Feynman (Nobel laureate)
hypothesized the concept in his book- There‘s Plenty of Room
At the Bottom (1959). Eric Drexler described nanotechnology in
Engines of Creation: The coming Era of Nanotechnology (1986).
The term Nano technology refers to rresearch & development at
the atomic, molecular, or macromolecular level (0.1 – 100nm) to
create structures, devices and systems with novel function (NNI).
Nanomedicine is monitoring, repair, construction, and control of
human biological systems at the molecular level, using engineered
nanodevices and nanostructures. Nano-robots (Nanobots) are
nanosized, artificially fabricated, controllable devices. They freely
travel in human body and interact with specific cells at molecular
level. They can perform multiple cellular level functions, including
replacing, repairing DNA that is damaged in the cell as we age and
may also be diseased. They are self-replicating and could even be
programmed to build other nanobots. Types of nanobots include
- Single action nanobots, Disease specific nanobots, Drug carrier
nanobots, Inhaled drugs nanobots, Chromallocytes, Vasculoids
- blood like, Respirocytes - RBC like, Clottocytes - platelets like,
Microbivores – virus/bacteria killers and cancer curers.

Advantages of Nanobots

a.
Nano-robots are non-biological entities with no side
effects.

b.
Being highly specific and target oriented, it reduces
morbidity.

c.
Since they reach specific receptors, lesser drug is
required.
d.
e.

They bind to terminal receptors.
No peaks and troughs in effect.
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f.
They do not follow first order kinetics as other
injectables.

Medical use of nanotechnology

Prevention, Diagnosis and Treatment
It includes disease prevention, imaging, prenatal, virtual
reality, individual medicine, emergency medicine, anaesthesia
& ICU, research, medical monitoring, medical records, nanobiopharmacy, drug delivery and cancer treatment.

Regenerative Medicine

It includes cell repair, bone repair, ageing, stem cells,
reproduction of new organs, heart disease, diabetes, seizures,
sensory feedback, limb control surgery, dental and ophthalmology.

Possible advances of Nanotechnology in Anaesthesiology
General Anaesthesia

At Canary Islands they developed an Automatic controlled
anesthesia system which detects hypnotic state based on EEG
& BIS and supplies appropriate dose of antiesthetic. It is a
computer software program which saves time, an aesthetic drug
and their doses [1]. Examples include Nano formulated drugs
like anesthetic drugs and diclofenac, Biosensor for monitoring
depth of anesthesia, Nanotube capnograph sensor, Real time non
invasive glucose and electrolyte monitoring.

Regional Anaesthesia

With nanotechnology, an antidote to bupivacaine overdose
is possible. There is a formation of pi-pi complexes between
bupivacaine and a pi-electron-rich injectable nanoparticle. This
complex would be devoid of clinical effects of bupivacaine and
would thus render toxic bupivacaine harmless. So, it could be
possible to counteract high spinal as soon as it is realised.
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Local Anesthesia
Lidocaine-loaded poly (carpo-lactone)-poly (eethylene
glycol)-poly (carpo-lactone) (PCL-PEG-PCL) Nano particles in
hydrogel was prepared of size 200 nm. This has been shown to be
ssuperior in terms of onset of anesthesia and efficacy. Once drug is
injected, it is directed through Nano-computer to the specific site
where action is required. It is kept at that site for wanted time and
removed from body when not required.

Future advances in super specialities of anaesthesiologyNano-Technology in Pain

Chronic pain affects 1.5 billion people worldwide. Problems
in pain management include economic burden, subjective scale
of pain measurement, side effects of opiods, drug interaction,
sedation and GI problem. Biomarker for pain is an objective scale.
Examples includea.
TNF nanoplates- Gold nanorods decorated with small
inhibitor RNA that target TNF mRNA. Primary intermediary in
neuropathic pain [2].
b.
c.

Tramadol hydrochloride –Loaded PLGA Nano partices
Intrathecal Gold-Coated Fe3O4

d.
Polymeric Nanocarriers for Spinal Cord Injury –
Associated Pain
e.
Nanofluidic Membrane Technology for Next –Generation
Pain Therapies

f.
Loperamide HCL- Encapsulated Anti- ICAM- 1 are
immunoliposomes for peripheral pain and inflammation.
They ttarget specific peripheral opioid receptors and have
no side effects of opioid. They are very helpful in acute post
operative pain, arthriticss and neuropathic pain [3].
g.
Citronellal /b-CD Complex: Effects on Noninflammatory
Chronic Muscle Pain and have antihyperalgesic effect [4].

h.
Oral Transmucosal Fentanyl Citrate(OTFC) for cancer
pain- Selectively target opioid receptors in brain, spinal cord,
smooth muscle and bypass GI tract. Thus, they have no side
effects and are helpful in opioid tolerant individuals [5].
i.

Saxitoxin- potent anesthetic, bundled with liposomes.

Vasculoids

Single, multisequence nanobot capable of all transport function
of blood including circulation of respiratory gases, glucose,
hormones, cytokines, waste products & cellular components. They
conform to the shape of natural blood cells and do not need heart
pump. It can be a complete replacement of blood [6].

Colonocytes

They are aartificial platelets that control bleeding 100 to 1000
times faster. The number required is very less for desired activities.
Specifically programmed motile colonocytes would even be able
to ddetect internal bleeding and spontaneously seal the site. Thus,
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giving the hope for avoiding emergency surgeries, reduces the ICU
mortality, no bleeding diathesis and no DIC syndrome [7].

Respirocytes (RBC)

These nnanostructures ttransport O2 in human body similar
to erythrocytes but 256 times faster. They also transport CO2 [8].

Nano-Atropine

Oregano phosphorous poisoning is ccommonly encountered
in ICUs and atropine is one of the primary therapeutic drugs.
Nanotechnology has enabled formulation of inhaled atropine in
form of dry powder which can be used in field conditions event by
lay man. It can be ssupplied with pesticide and can be used in case
of accidental poisoning [9].

Microbivores

Microbivores would mimic white cell and perform
pphagocytoses of specific bacteria, viruses and fungi [10].

Disadvantages of Nanotechnology

It includes hhigh cost, ccomplicated fabrication, toxicity,
tterrorism, ppractical implementation and ucontrolled selfreplicating nanobots will consume earthly resource.

Conclusion

Nanotechnology will continue to have profound and positive
impact on humanity. Will serve as cornerstone in this ongoing
& noble endeavor of safe anesthesia and pain relief. It would be
applicable to general anaesthesia, regional anaesthesia, pain,
cancer therapyy and insight into consciousness. Disadvantages
include high cost, complicated fabrication, toxicity, terrorism and
practical implementation.

References

1. Méndez JA, Torres S, Reboso JA, Reboso H (2009) Adaptive computer
control of aesthesia in humans. Comput Methods Biomech Biomed
Engin 12(6): 727-734.

2. Gerard E, Spengler RN, Bonoiu AC, Mahajan SD, Davidson BA, et al.
(2015) Chronic constriction injury-induced nociception is relieved by
nanomedicine-mediated decrease of rat hippocampal tumor necrosis
factor. Pain 156(7): 1320-1333.
3. Hua S, Cabot PJ (2013) Targeted nanoparticles that mimic immune
cells in pain control inducing analgesic and anti-inflammatory actions:
a potential novel treatment of acute and chronic pain condition. Pain
Physician 16(3): E199-216.
4. Santos PL, Brito RG, Oliveira MA, Quintans JS, Guimarães AG, et al.
(2016) characterization and investigation of β-cyclodextrin complexed
with citronellal, a monoterpene present in the essential oil of
Cymbopogon species, as an anti-hyperalgesia agent in chronic muscle
pain model. Phytomedicine 23(9): 948-957.

5. Burton AW, Driver LC, Mendoza TR, Syed G (2004) Oral transmucosal
fentanl citrate in the outpatient management of severe cancer pain
crisis. Clin J Pain 20(3): 195-197.
6. Frietas RA, Phoenix CJ (2002) Vasculoid: A personal nanomedical
appliance to replace human blood. Journal of Evolution and Technology
11: 1-139.

7. Freitas RA Jr (1999) Nanomedicine, Vol 1. Basic Capabilities.
Georgetown, TX : Landes Bioscience 18(6): 359-372.

How to cite this article: Mithilesh K, Misha G, Ashish G, Summit K, Jayashree S. Nanotechnology in Anesthesia and Pain – A Review. Theranostics
Brain Disord. 2018; 4(1): 555627.

Theranostics of Brain, Spine & Neural Disorders
8. Freitas RA (1998) Exploratory design in medical nanotechnology:
A mechanical artificial red cell. Artif Cells Blood Substit Immobil
Biotechnol 26(4): 411-430.

9. Zhang J, Wu L, Chan HK, Watanabe W (2011) Formation, characterization, and fate of inhaled drug nanoparticles. Adv Drug Deliv Rev 63(6):
441-455.
This work is licensed under Creative

10. Freitas RA Jr (2005) Microbivores: Artificial Mechanical Phagocytes
using Digest and Discharge Protocol J. Evol Technol 14: 55-106.

Your next submission with Juniper Publishers

Commons Attribution 4.0 Licens

will reach you the below assets
• Quality Editorial service
• Swift Peer Review

• Reprints availability
• E-prints Service

• Manuscript Podcast for convenient understanding
• Global attainment for your research

• Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

• Unceasing customer service

Track the below URL for one-step submission

https://juniperpublishers.com/online-submission.php

003

How to cite this article: Mithilesh K, Misha G, Ashish G, Summit K, Jayashree S. Nanotechnology in Anesthesia and Pain – A Review. Theranostics
Brain Disord. 2018; 4(1): 555627.

